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Abstract: This study was designed to evaluate the impact of diabetes on functional capacity, level of physical
activity, quality of life, dependency level and mortality risk in patients undergoing primary coronary artery
bypass grafting. A total of 30 patients undergoing CABG procedure were assessed pre and postoperatively for
their functional capacity by New York Heart Association classification and six-minute walk test, physical
activity by Duke activity status index, dependency level by functional independency measurement, mortality
risk by Society of thoracic surgeons, EuroSCORE II and CASUS and, quality of life preoperatively by
Nottingham Health Profile questionnaire. Patients with a history of >10 years of diabetes were compared to the
non-diabetics group. On analysis it was observed, that the diabetic group are older (68.67+7.52 years),
hypertensive (87%), less obese, and have lesser ejection fraction than the non-diabetics. There was no
significant difference between the group’s functional capacity, quality of life and mortality risk, but the diabetic
group showed a significantly higher postoperative risk to stroke (p=0.042) and longer hospital stay (p=0.006).
Dependency level, functional capacity and total ICU stay was reported to be more affected in the diabetics. Both
the groups showed an improved dyspnea and angina after the surgery. The dependency level in diabetics
(p=0.00) and non-diabetics (p=0.003) was also observed to decrease significantly with the surgery. The study
concluded that diabetes has an impact on the functional capacity, physical activity, angina, dependency level,
and total hospital stay in the individuals following bypass surgery.

Keywords: Diabetes, Coronary artery bypass grafting, Functional capacity, Quality of life, Dependency level,
Mortality risk

Introduction

Cardiovascular diseases (CVDs) are a leading cause of mortality internationally and the leading cause of both
mortality and morbidity in India, with a prevalence rate of 11% (Namara et al., 2019; Chauhan et al., 2013).[1’2]
Diabetes is an emerging worldwide epidemic and has been reported to have a positive significance on
cardiovascular risk.””! Studies have reported that the adults with diabetes have a higher prevalence rate of CVD
than the adults without the diabetes (Einarson et al, 2018).[4] Since, cardiovascular diseases are the major cause
of death and disability in diabetics, the adults with diabetes are expected to be at a greater health risk (Einarson
et al, 2018; Santos et al, 2016)."*”!

With the increasing incidence of cardiovascular diseases and its complications, the need for coronary artery
bypass grafting (CABG) has also increased, making it as the most common cardiac surgery been performed
worldwide (Santos et al, 2016; Melly et al, 2018).[5’6] Also, considered as the preferable revascularization
treatment in the diabetes patients (Santos et al, 2016).[5] Previous studies have shown that the individuals
undergoing CABG procedure tend to have a decrease functional capacity, poor quality of life and often present a
state of anxiety and depression (Peric et al, 2008; Con, 1997).[7’8] As this procedure has seen to reduce the
severity of angina and increase the survival chances, it is now been highly accepted by the cardiovascular
disease patients. Thus, a comprehensive assessment of the risk factors associated with the CABG surgery is now
been considered important (Diodato, 2014).”

The purpose of this study was to evaluate the impact of diabetes on the functional capacity, quality of life,
physical activity, level of dependency and mortality risk in the patients undergoing coronary artery bypass
grafting, in comparison to the non-diabetics. The study intends to evaluate the adverse effects of diabetes on
various aspects of the individual’s life, who are undergoing coronary artery bypass surgery.

Materials and Methods

The study is a cross-sectional study in which a total of 30 patients undergoing coronary artery bypass grafting
were taken from the National Heart Institute Hospital, New Delhi. The study was executed only after the ethical
approval received from the Jamia Hamdard Institutional Ethics Committee (JHIEC). Patients were made to sign
the informed consent form, after which they were evaluated for the inclusion criteria such that their age was
between 30-80 years and were admitted in the hospital for the elective coronary artery bypass grafting.!"”!
Patients were grouped under the diabetic group as “Group A” if they had a history of more than ten years of
diabetes,!"" and under non-diabetic group as “Group B” if they reported no history of diabetes.

A preoperative evaluation was executed on the patients at the day of their admission, which included their
demographic details, body mass index, medical and personal history of other comorbidities (Hypertension,
COPD, thyroid, etc), Canadian Cardiovascular Society (CCS) classification of angina, functional class of
dyspnoea according to New York Heart Association classification (NYHA), and ejection fraction (EF%) by
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echocardiography.”'*"3 Left ventricular function was echocardiographically graded as normal if the ejection
fraction was (EF %) >60%, mild dysfunction (EF 40%-59%), moderate dysfunction (EF 25%-39%) and severe
(EF <25%).1'¥
The Nottingham Health Profile (NHP) questionnaire was used to determine the quality of life in the patients,
before their CABG procedure."”! The NHP questionnaire is a generic scale that contains 38 subjective statements
divided into six sections: physical mobility, social isolation, emotional reaction, energy, pain, and sleep. The
scores of each section ranged from zero to 100, by adding the item weight, determined by the Thurstone method
of paired compares to every positive answer.!”! A higher score indicated a higher level of dysfunction and worse
quality of life.
The level of physical activity was estimated using the Duke Activity Status Index (DASI), which is a self-
administered questionnaire consisting of 12 questions related to daily living activities. Each question is related
to different aspect of patient’s life, which if hampered can be easily evaluated. It has been validated as the “gold
standard” of functional capacity measurement. "' Each question has a scoring in “MET units”, which
determines the metabolic cost of the activity. The total METS level of each patient was objectively calculated
preoperatively by this method.
The dependency level in the patients was calculated twice, pre and post CABG surgery, by Functional
Independency Measurement (FIM) scale. It aims to assess the quantity of care that an individual requires to
perform a series of motor tasks, and also includes the cognitive activities of daily living.""”' The cardiac
mortality risk was assessed preoperatively using Society of Thoracic Surgeons (STS) risk score and
EuroSCORE 1I (European System for Cardiac Operative Risk Evaluation), and postoperatively by Cardiac
surgery score (CASUS). The STS risk was used to evaluate the operative mortality risks and long-term survival
among patients who underwent isolated CABG."®’ EuroSCORE II was used for investigating the extent of risk
factors which included peripheral vascular disease, carotid disease, neurological and cerebral dysfunction,
COPD, pulmonary hypertension, recent myocardial infarction, stroke, and unstable angina."'"'? The CASUS
was used to estimate the mortality risk after surgery, as it considers the postoperative values and
complications.""”
After the surgery the patients were evaluated for their postoperative complications, symptoms via NYHA and
CCS, and dependency level via FIM. The functional capacity of the patients was assessed prior to their
discharge by the six-minute walk test, in which they were instructed to walk straight along a 15 m straight path,
at the hospital corridor for six minutes."® The test was symptom limited, so the patients who complained of
angina, severe dyspnoea, dizziness, or musculoskeletal pain were made to rest or stop as per their comfort. The
heart rate, blood pressure and oxygen saturation were monitored both before and after the test. Both the groups
were followed up for their total stay in ICU and in hospital, till their day of discharge.
The data was analysed using the SPSS 2.0 version. Descriptive statistics was used to find out the mean and
standard deviation of the group’s age, body mass index (BMI), hypertension (HTN) and left ventricular ejection
fraction (LVEF%). The statistical analysis was then done between the groups by the independent sample t-test
method and within the groups by the paired t-test. The confidence interval at 95% level was calculated to find
the significance differences between and within the diabetics and non-diabetics patients on their functional
capacity, physical activity, level of dependency, quality of life, cardiac mortality risk and days spent in ICU and
hospital.
Results
The diabetic group undergoing coronary artery bypass grafting were observed to be older (68.67+7.52 years),
more hypertensive (86.7%) and had lesser left ventricular ejection fraction (LVEF% 47.4+10%) than the non-
diabetic group. Both the groups were observed to be obese and were mostly male.

Table I: Comparison between the groups on basis of their personal details

Group A
(mean+SD) or (n=15)

Group B
(meanzSD) or (n=15)

Age (years) 68.67+7.52 56.87+5.23
BMI (kg/m?) 25.46+3.74 26.79+3.74
Hypertension 86.7% (13) 60% (9)
LVEF (%) 47.4+£10% 51.2+8%

Basal metabolic index (BMI), Left ventricular ejection fraction (LVEF)

The level of dyspnea measured by New York Heart Association (NYHA) classification and level of angina via
Canadian Cardiovascular Society (CCS) scale showed no significant differences between the diabetic group and
non-diabetic groups. Though the level of dyspnea was observed to be significantly improved with the surgery
within the non-diabetic group (p=0.007), a significant improvement in angina grade within both the groups was
also observed.
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Table II: The NYHA and CCS comparison between groups with the CABG surgery

Group A
(meanzSD) Group B (mean+SD) t value p value
NYHA preoperatively 2.6+0.74 2.60+0.51 -0.232 0.818
NYHA post CABG 1.93+£0.73 2.00£0.65 0.035 0.973
CCS preoperatively 2.29+0.69 2.314£0.87 0.342 0.735
CCS post CABG 1.59+0.51 1.56+0.51 0.331 0.743
New York Heart Association (NYHA), Coronary artery bypass grafting (CABG), Canadian Cardiovascular
Society scale (CCS)
Table III: The NYHA and CCS comparison within the groups to the CABG surgery
Pre-operative Post-operative
Mean+SD Mean+SD tvalue p value
NYHA Group A 2.6+0.74 1.93+£0.73 1.989 0.068
NYHA Group B 2.60+0.51 2.00£0.65 3.093 0.007*
CCS Group A 2.29+40.69 1.5940.51 4.243 0.001*
CCS Group B 2.314£0.87 1.56+0.51 3.503 0.003* |
New York Heart Association (NYHA), Coronary artery bypass grafting (CABG), Canadian Cardiovascular
Society scale (CCS)

*Significance in NYHA and CCS within the groups, with the surgery (p<0.05)

On measuring the quality of life by Nottingham Health Profile (NHP) questionnaire no significant difference
was observed between the group’s energy, pain, emotional reaction, sleep, social isolation and physical activity.
Table IV: Comparison of various aspects in quality of life between the groups”

Group A Group B t value p value
(Mean+SD) (Mean+SD)
Energy (%) 45.65+45.01 41.6+42.52 0.119 0.906
Pain (%) 25.11430.27 22.00+28.26 0.134 0.894
Emotional Reaction (%) 29.42+29.57 26.89+30.39 0.071 0.944
Sleep (%) 22.57+29.98 23.83+29.57 -0.15 0.882
Social Isolation (%) 25.62+33.82 13.56+23.23 1.14 0.264
Physical Activity (%) 34.37+32.55 24.03+30.77 0.786 0.439

#Quality of life showed no significant difference between the groups as p>0.05

The level of functional dependency assessed by Functional Independence Measurement scale (FIM) of the
diabetics was reported to be significantly more affected with surgery than the non-diabetics (p=0.037). Both the
groups showed a significant decrease in their dependency level with the surgery.

Table V: Comparison in dependency level between the groups, undergoing CABG surgery

Group A Group B t value value
(Mean+SD) (Mean+SD) P
FIM preop 130.47+3.76 132.60+0.83 -1.564 0.129
FIM postop 113.07£31.77 126.8046.93 -2.192 0.037*

Coronary artery bypass grafting (CABG), Functional independency measurement (FIM), Preoperatively (preop),
Postoperatively (postop)
*Postoperative dependency level was observed to be significant between the groups (p<0.05)

Table VI: Comparison of FIM within each group, with the CABG surgery

Preoperative Postoperatively t value p value
FIM Group A 130.47+3.76 113.07+£31.77 8.103 0*
FIM Group B 132.60+0.83 126.80+6.93 3.586 0.003*

Functional independency measurement (FIM), Coronary artery bypass grafting (CABG)
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*Functional dependency was observed to have significance with the CABG procedure, within both the groups (p
<0.05)
About 34% of diabetic patients reported a poorer physical activity than the non-diabetics (13%), when assessed
by Duke Activity Scale Index (DASI), as shown below in the Figure 1. There was no statistical difference
observed between the groups in their DASI scores and six-minute walk test.

Table VII: Comparison of functional capacity between the groups to the surgery

Group A Group B t value value
(Mean+SD) (Mean+SD) P
6MWT (m) 110.56+48.89 163.05+53.76 1735 0.094
DASI 3.240.68 2.87+0.64 0.835 0.411

Six-minute walk test (6MWT), Duke activity status index (DASI)
*No significant difference between the groups as p>0.05

Diabetic group Non-diabetic group
0% 0%

Opoor Gpoor

Omoderatre Omoderatre

Ogood Ogood

Bexcellent Bexcellent
a) b)

Figure 1: Grading of level of physical activity in both the groups, when assessed by Duke activity status index
The cardiac mortality risk pre and postoperatively, evaluated by Society of Thoracic Surgeons (STS),
EuroSCORE 1II and CASUS showed no significant difference between the groups. Both the groups were
observed to have no significance in their mortality risks, as presented in table VIII. On evaluating the
postoperative complications, the diabetic group reported a greater significance for stroke postoperatively, than
the non-diabetics (p=0.042) on the STS scoring as shown in table IX.

Table VIII: Comparison of mortality risks between the groups, undergoing CABG procedure

Group A Group B t value value
(Mean+SD) (Mean+SD) P
EuroSCORE 1I (%) 1.11%1.29 1.04+1.26 0.45 0.656
CASUS 2.3346.64 0.40+0.63 0.617 0.542

Coronary artery bypass grafting (CABG), European System for Cardiac Operative Risk Evaluation I
(EuroSCORE 1II), Cardiac surgery score (CASUS)

Table IX: Comparison of risks to postoperative complications between the groups, undergoing CABG

procedure
STS Scoring Group A Group B ¢ value p value
(Mean+SD) (Mean+SD)
Mortality 1.89+1.63 0.96+0.75 1.744 0.092
Renal failure 2.18+2.47 0.93+0.79 1.816 0.08
Stroke 1.91+0.82 1.28+0.72 2.135 0.042*
Prolonged ventilation 8.27+5.03 4.9343.08 1.8 0.083
Deep sternal wound infection 0.16+0.07 0.12+0.04 1.93 0.064
Reoperation 2.78+0.86 2.13+0.95 0.207 0.837
Morbidity 12.41+47.33 8.02+4.25 1.586 0.124

Coronary artery bypass grafting (CABG), Society of Thoracic Surgeons (STS)

*Stroke was statistically significant between the groups (p<0.05)

Both the groups were followed up for their total days spent in ICU and in hospital. The diabetic group showed a
significantly longer stay at ICU and hospital, than their non-diabetic group (p=0.039 and p=0.006, respectively),
as seen in table X.
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Table X: Comparison of days spent in ICU and hospital by the groups undergoing CABG procedure

Group A Group B t value p value

(Mean+SD) (Mean+SD)
Number of days in ICU (days) 3.47+1.13 2.73+0.46 2.171 0.039%*
Total days of hospitalization (days) 4.67+1.41 3.87+0.52 2.982 0.006*

*Total days spent in ICU and hospital was observed to have significant difference between the groups (p<0.05)
Discussion

In this study we evaluated that the patients undergoing coronary artery bypass surgery are old and are mostly
male. On evaluating the groups, it was found that the diabetic group is older, has lesser ejection fraction and is
mostly hypertensive than the non-diabetic group, with no significant difference in their BMI, as seen above in
the table I. There were similar findings in the previous studies, """ ' stating that the diabetic patients undergoing
CABG procedure are prevalent to be older, obese and have significantly lower left ventricular ejection fraction
than the compared non-diabetic group, and have a greater percentage of history of hypertension. Studies have
reported that the presence of diabetes and hypertension together accelerates the development of atherosclerosis
which is higher than any other comorbid factor.

The level of dyspnea and angina was evaluated by NHYA and CCS, respectively. Functional capacity was
assessed at baseline by six-minute walk test. The NYHA classification evaluated preoperatively and
postoperatively on the CABG patients was found to have no significant difference between the groups. On
evaluating within the groups, we observed that the severity of symptoms of patients in each group decreases
after the cardiac surgery when compared to their preoperative values, with a significance difference observed in
the non-diabetic group (p=0.007) as shown above in the table III. The result of our study is supported by the
previous finding that after CABG, the presence of dyspnea is lesser during exhaustion, physical effort or any
everyday activities.”” Studies have also reported an improved NYHA classification after six months of CABG
surgery, which was not conducted in our research. Though our study showed no difference in NYHA
classification between the groups, evidences suggest that the impaired functional capacity and class II-IV
angina is more in diabetes patient than the non-diabetics. "'*'"!

In our study we observed that there is no significant difference between the diabetic and non-diabetic groups
based on their functional capacity measured by 6MWT. The distance walked by both the groups were observed
to be less than their predicted values, with the diabetes patients (110.56+48.89 m) having shorter six-minute
walked distance than the non-diabetes group (163.05+£53.76 m) with a mean difference of 52.49 meters, as
shown above in the Table VII. The results were in line with the previous studies, conducted on patients with
cardiac surgery, reporting that the absolute six minutes distance walked is shorter in diabetics than the non-
diabetics and are lesser in women than men. "**” Coronary artery bypass grafting has been seen earlier to
reduce the exercise capacity in the patients in their early postoperative course, which suggested the feasibility of
six-minute walk test. “!! By providing reference values for their rehabilitation program, after the cardiac surgery.
The level of activity (the MET level), was evaluated by Duke Activity Scale index (DASI) among the patients
undergoing CABG. When assessed on our patients, there was no significant relationship observed in the MET
levels between the groups, but the diabetic group of our study were seen to be more involved with poorer
physical activity than their non-diabetic group, as shown above in the Figurel. In a study conducted by Simpson
et al, ® it was reported that there is no statistical difference between the DASI score of diabetic and the non-
diabetic patients when assessed after acute myocardial infarction. These similar findings suggest that a diagnosis
of diabetes mellitus is not an independent determinant in functional activity level, after a cardiac event.

The level of dependency for the daily living activities in the patients was assessed by functional independency
measurement (FIM) scale. On observation, it was evaluated that the postoperative FIM scores show significant
difference between the diabetic and the non-diabetic groups (p value <0.05), as mentioned in the above table V.
In our study, the FIM scores within the group was observed to decrease significantly after the CABG surgery, in
both the diabetic and the non-diabetic group with the p value 0.000 and 0.003 respectively, as shown in the table
VI. The results observed were similar to the previous study by Guimaraes M. et al, ™' indicating significant
functional loss in the elderly patients undergoing coronary artery bypass surgery. Their study also evaluated that
all the elderly patients undergoing CABG have reduced functional status significantly up to 6-months post-
surgery, suggesting the use of FIM scale for the assessment of functional recovery over time after the cardiac
surgery, which was limited in our study. (23]

In our study on evaluating the quality of life by NHP questionnaire in patients undergoing CABG surgery, the
diabetic group was seen to have a greater range of pain, emotional reaction, social isolation, lack of energy level
and decrease physical activity than their compared non-diabetic group. There was no significant difference
observed in quality of life (QoL) between the groups preoperatively, as shown in the table IV. Previous studies
have reported that QoL in diabetes patients worsens after CABG and that diabetes mellitus acts as an
independent predictor of worsened quality of life in the physical mobility section. "** Our study aimed to
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evaluate the difference in quality of life between the groups preoperatively and did not support within the
group's QoL comparison, occurring with the cardiac surgery.

The mortality risk in patients undergoing CABG was assessed preoperatively by EuroScore II and
postoperatively by CASUS. The STS scoring was used to assess the risks of postoperative complications in
patients undergoing CABG surgery. In our patients, the mortality risk was seen to be higher in the diabetes
patients, but no significant difference was found between the groups, as per the table VIII. The cardiac mortality
risk determined preoperatively by EuroScore II and STS, in the study by Borde et al, ' has satisfactory
calibration power for the Indian patients, but have poor discriminatory power. The expected mortality rate and
increase in postoperative morbidity in diabetic patients after CABG are more than the non-diabetic patients, as
reported in previous researches. %' In our STS scoring, the risks of postoperative complications were more
likely to occur in diabetic group than their non-diabetics, with a statistical difference observed in stroke
(p=0.042), as shown in table IX. Studies say that overall postoperative prevalence of stroke, in hospital deaths
and occurrence of deep sternal wound infection is higher in diabetics. *'"'*!

When the patients of our study were evaluated for their total number of ICU days and hospital days, it was
observed that the diabetic group has more hospital days than the non-diabetic group. On evaluation, a positive
significant difference was seen between the groups, in their number of ICU days (p=0.039) and the total hospital
days (p=0.006) as tabulated above in table X. The results were similar to the findings reported in a previous
study, in which the hours spent in the intensive care unit, length of hospital stay and total cost of CABG were all
documented to be greater in diabetic patients than the non-diabetic patients.”>'*! Most of this difference observed
in previous research was considered due to higher costs of clinical and laboratory testing, diagnostic imaging,
pharmacy services, and nursing care.

In conclusion, diabetes mellitus can be considered as an independent risk factor for the impaired functional
capacity, increased level of dependency and higher mortality risk in the individuals undergoing coronary artery
bypass grafting. In present era of limited healthcare resources and increasing importance of economic aspects,
patients with diabetes undergoing cardiac surgery interventions should receive special attention in their pre- as
well as in the perioperative time. This may improve their perioperative outcomes and further reduce
postoperative intensive care treatment time and cost. Diabetes should be brought into clinical use, early enough
such as to detect and prevent its resulting adverse outcomes. Research and policies focusing on reducing
diabetes and raising awareness about its preventive strategies, should be developed and implemented to check
rising health care costs.

Limitations of the study

Our study is an observational study, conducted in one specific hospital by one surgical team, which reduces the
variability of the test performance as observed in multimember studies. ' All the patients of our study
underwent the 6MWT only once after their cardiac surgery. According to Wu et al, *”' the effect of
familiarization with this test is well known over first three sessions of the test, to establish a baseline. Due to
time and staff limitations experienced in the present study, the patients were evaluated for the 6 MWT only once,
which might have depended their learning effect. This study involves only those patients who appeared the
hospital for elective cardiac surgery, ignoring the urgent or emergent CABG procedures. The follow up from the
patients was not taken in this study, which kept the postoperative adverse outcomes and the re-hospitalization
cases unnoticed. A prospective study with a larger sample size and at multiple hospitals is advised to commence.
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