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ABSTRACT
Introduction Diabetes has an increasing worldwide 
prevalence. It is known to be a predisposing factor for 
postoperative complications. Preoperative glycaemic control 
strategies should be pursued as glycaemic control could 
serve as a modifiable risk factor. Glycated haemoglobin 
(HbA1c), a marker of 3- month average glycaemic control, 
has been shown in meta- analyses to predict postoperative 
complications in cardiothoracic, bariatric and orthopaedic 
surgery. However, there is no meta- analysis in the major 
abdominal surgery population, in whom morbidity may be 
higher due to the nature of the surgery. Understanding the 
association between HbA1c and postoperative complications 
could help in preoperative risk prognostication, counselling 
and glycaemic target selection. The aim of this systematic 
review and meta- analysis is to evaluate all evidence on the 
association between preoperative HbA1c and postoperative 
complications in elective major abdominal surgery, and to 
investigate the threshold HbA1c level before postoperative 
complication rates increase.
Methods and analysis This review will be performed 
according to Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses Protocols guidelines. PubMed, 
Embase, Cochrane Central Register of Controlled Trials, 
Google Scholar and China National Knowledge Infrastructure 
will be searched for all original studies. Study selection, 
data extraction, risk of bias and quality assessment will 
be conducted by two independent reviewers. The primary 
outcome is the association between preoperative HbA1c and 
major postoperative complications (Clavien Dindo 3–5), and 
the secondary outcome is the association between HbA1c 
and overall postoperative complications. Data management 
and synthesis will be performed using Microsoft Excel and 
Stata to derive pool estimates.
Ethics and dissemination No ethics approval is required 
as only secondary data will be used. Findings will be 
disseminated through peer- reviewed journals and conference 
presentations.
PROSPERO registration number CRD42020167347.

INTRODUCTION
Background
Diabetes mellitus is known to be a significant 
predisposing factor for postoperative compli-
cations such as infection, sepsis, poor wound 

healing, anastomotic leak, water- electrolyte 
and acid–base imbalances, cardiac complica-
tions, acute kidney injury and more.1 Further-
more, when compared with patients with 
non- diabetes, both the in- hospital mortality 
and long- term mortality are considerably 
higher in diabetic patients.2 Hence, strate-
gies for glycaemic control in the periopera-
tive period have received much attention as 
glycaemic control could serve as a modifiable 
risk factor and a potential target for reducing 
complications following surgery.

The American Diabetes Association 
endorses glycated haemoglobin (HbA1c) 
for monitoring glycaemic control among 
patients with diabetes.3 This is a measure 
reflecting the 3- month average blood glucose 
level of patients, hence giving an indirect 
measurement of how effectively an individu-
al’s blood glucose is controlled.4 It has been 

Strengths and limitations of this study

 ► This is the first meta- analysis investigating the as-
sociation between preoperative glycated haemo-
globin (HbA1c) and postoperative complications in 
the patient population undergoing elective major 
abdominal surgery.

 ► A total of six databases, including a Chinese data-
base, will be searched to provide a comprehensive 
range of studies for inclusion.

 ► A meta- regression will be performed to evaluate the 
effect of different HbA1c cut- off values on postoper-
ative outcomes.

 ► The varying outcome measures reported by individ-
ual studies may limit the performance of a quantita-
tive analysis, in which case, a qualitative synthesis 
will be performed.

 ► The variety of postoperative complications report-
ed by individual studies provides the opportunity 
to study postoperative complications as guided by 
the American College of Surgeons National Surgical 
Quality Improvement Programme.
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conclusively shown through published systematic reviews 
and meta- analyses that increased levels of preoperative 
HbA1c is strongly associated with higher rates of post-
operative complications or poorer outcomes in surgical 
specialties such as cardiothoracic,5 6 bariatric7 8 and ortho-
paedic surgery.9 10

Major abdominal surgery, defined as a major opera-
tion involving the abdominal and/or retroperitoneal 
compartment with the removal of all or part of an organ 
(stomach, liver, kidney, bowel, bladder) with a realistic 
chance of blood loss of more than 500 mL and surgery 
lasting at least 1 hour, is associated with high postopera-
tive morbidity due to the extensive nature of the surgery. 
Despite the clinical significance of this, there has not 
been a systematic review or meta- analysis investigating 
the association between preoperative HbA1c and post-
operative complications in this patient population, after 
a preliminary search of multiple databases including 
PROSPERO, MEDLINE (via Ovid), the Cochrane Data-
base of Systematic Reviews and the Joanna Briggs Insti-
tute Database of Systematic Reviews and Implementation 
Reports. Furthermore, there is no consensus on the 
HbA1c threshold at which postponing elective surgery 
is warranted. Joint British Diabetes Societies for Inpa-
tient Care and The Association of Anesthetists of Great 
Britain and Ireland recommend further optimisation of 
glycaemic control at a HbA1c threshold of 8.5%,11 while 
the US Society for Ambulatory Anesthesia recommends a 
threshold of 7.0%12 and the Australian Diabetes Society 
recommends a threshold of 9.0%.13

There is a gap in research as the association between 
preoperative HbA1c and postoperative complications 
in major abdominal surgery is unknown despite the 
increasing incidence of both diabetes and abdominal 
surgery. Diabetes is a major public health problem that 
has reached global pandemic status with a worldwide 
prevalence of 9.3% in 2019, forecasted to rise to 10.2% 
by 2030.14 Similarly, the incidence of non- communicable 
diseases such as cancer15 16 requiring major abdom-
inal surgery is increasing. Data from the UK National 
Diabetes Inpatient Audit in 2013 showed that prevalence 
of diabetes among inpatients in the UK range from 10% 
to 35%, and at least 10% of all surgical patients have 
diabetes.17

Further insight into the association between preopera-
tive HbA1c and postoperative complications after elective 
major abdominal surgery could potentially have a great 
impact on public health. The findings from this proposed 
systematic review and meta- analysis will help in risk prog-
nostication and counselling prior to major abdominal 
surgery in patients with diabetes. Furthermore, knowl-
edge obtained from this review may guide the selection 
of appropriate glycaemic targets to be achieved prior to 
elective major abdominal surgery.

Objective
The aim of this systematic review and meta- analysis is to 
evaluate all currently available evidence on the association 

between preoperative HbA1c and postoperative compli-
cations in patients undergoing elective major abdom-
inal surgery. Furthermore, we will investigate if there is 
a threshold HbA1c level before the rate of postoperative 
complications increases.

METHODS
This protocol has been written according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA) Protocols 2015 checklist.18

Eligibility criteria
The eligibility criteria used to include and exclude studies 
are as follows:

Study design
Randomised controlled trials (RCTs) and observational 
studies will be included. Retrospective studies will be 
included if they constitute data collection from patient 
notes, and excluded if they consist of patient interviews or 
any data collection method subject to recall or responder 
bias. Abstracts, case reports, systematic reviews, meta- 
analyses, comments, letters to the editor and expert opin-
ions will be excluded.

Population
Studies including adult patients undergoing elective 
major abdominal surgery (stomach, liver, kidney, bowel, 
bladder, oesophagus) who have a recorded HbA1c will be 
included. Studies on patients undergoing bariatric, total 
pancreatectomy, paediatric, emergency and transplant 
surgery will be excluded.

Intervention and comparator
We will include studies which use at least two HbA1c 
groups, where the group with the low HbA1c cut- off will 
be deemed the ‘intervention group’ and the group with 
the high HbA1c cut- off will be deemed the ‘comparator 
group’. Studies that do not measure HbA1c or do not 
have at least two HbA1c groups for comparison purposes 
will be excluded.

Outcome
Studies that evaluate any postoperative complications 
(30 days and 90 days) as the outcome measure will be 
included.19 Studies that do not evaluate postoperative 
complications as their outcome measure will be excluded.

Language
Studies in the English and Chinese language will be 
included as they are the languages which we are confident 
can be translated and analysed accurately by the authors.

Information sources
Electronic searches will be performed in the following 
databases: PubMed, Embase, MEDLINE, Cochrane 
Central Register of Controlled Trials, Google Scholar, 
China National Knowledge Infrastructure (CNKI). A 
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manual search of citations and references of eligible 
studies will also be conducted. All records up to the 1 
April 2020 will be included.

Search strategy
The search strategy will be developed with a research 
librarian using the terms below:

((hba1c) OR (glycated h(a)emoglobin a1c) OR (glyc(a)
emic control) OR (glycosylated haemoglobin a1c)) AND 
((abdominal surgery) OR (general surgery) OR (lower 
gastrointestinal surgery) OR (colorectal surgery) OR 
(upper gastrointestinal surgery) OR (urology))

Records up to the 1 April 2020 will be included.

Study records
Data management
Records will be exported from the electronic databases 
to Microsoft Excel and all studies collated. Duplicates 
will be removed using the ‘Remove duplicates’ function 
and through manual searching if undetected by Micro-
soft Excel (due to differences in spelling or punctuation 
in the study title). The number of records will be noted 
before and after removing duplicates and at each step 
of the study selection process to produce an accurate 
PRISMA flow chart.

Selection process
Study selection will be performed by two independent 
reviewers (JKLW and YK). The first stage of selection will 
involve screening of the study titles and abstracts, and the 
categorisation of records as ‘Yes’, ‘No’ and ‘Maybe’. The 
second stage of selection will involve full- text screening 
of studies labelled ‘Yes’ and ‘Maybe’, and categorisation 
of these studies into ‘Yes’, ‘No’ and ‘Maybe’. All studies 
labelled ‘Maybe’ will be discussed between JKLW and YK. 
If no consensus is achieved, a third reviewer (HRA) will 
resolve them. At all times, selection will be performed 
based on the predetermined inclusion and exclusion 
criteria. If studies are excluded, the reason for exclusion 
will be noted.

Data collection process
Data collection from included studies will be performed 
by two independent reviewers (JKLW and YK) and stored 
on pre- made proformas on separate Microsoft Excel 
sheets. All efforts will be made to obtain data from the 
original study authors if not readily available in the main 
publication or online supplemental material.

Data items
These are the data items from studies that will be 
extracted:

 ► Data on study characteristics will include author, year, 
journal, city and country of study, study design and 
setting (eg, district hospital, tertiary hospital). We 
will determine the study’s nationality based on the 
reported study population. For multinational, multi-
centre studies, we will assign the study nationality 
based on the corresponding author’s institution.

 ► Population data will include patient demographics 
(age and gender), type of surgery, total sample size, 
number of patients in each HbA1c group and number 
of patients lost to follow- up if applicable.

 ► Intervention and comparator data will include the 
number of groups or dichotomies of HbA1c levels 
used, and the HbA1c threshold used for dichotomi-
sation. If the HbA1c level is expressed in the Interna-
tional Federation of Clinical Chemistry unit (mmol/
mol), we will use an online calculator to convert it to 
the Diabetes Control and Complications Trial unit 
(%).20

 ► Outcome data will include all postoperative compli-
cations including but not limited to serious compli-
cations, any complications, pneumonia, cardiac 
complication, surgical site infection, urinary tract 
infection, venous thromboembolism, renal failure, 
readmission, return to theatre, death and sepsis, 
following the American College of Surgeons National 
Surgical Quality Improvement Programme.21

 ► Whenever possible, the following information will be 
extracted: (1) the number of patients involved in the 
treatment and control groups; (2) the OR/hazards 
ratio (HR) with 95% CI for binary outcome/time- to- 
event outcome with number of events, mean together 
with SD or 95% CI for continuous outcome.

 ► Data on funding sources and conflict of interests will 
be extracted if available to the study.

Outcomes and prioritisation
The primary outcome of this systematic review and meta- 
analysis is the association between preoperative HbA1c 
and major postoperative complications fulfilling the 
Clavien Dindo (CD) classification grade 3–5,19 following 
a widely accepted standard definition of ‘major postoper-
ative complications’ as CD 3–5.22–25

 ► Grade 3: Complications requiring surgical, endo-
scopic or radiological intervention.

 ► Grade 4: Life- threatening complications requiring 
intensive care unit management.

 ► Grade 5: Death.
The secondary outcome of this systematic review and 

meta- analysis is the association between preoperative 
HbA1c and overall complications fulfilling CD grade 
1–5.19

 ► Grade 1: Any deviation from the normal postoper-
ative course without the need for pharmacological 
treatment or surgical, endoscopic, and radiological 
interventions. Allowed therapeutic regimens are 
antiemetics, antipyretics, analgesia, diuretics, elec-
trolytes and physiotherapy. This grade also includes 
wound infections opened at the bedside.

 ► Grade 2: Any deviation from the normal postopera-
tive course requiring pharmacological treatment with 
drugs apart from those allowed in grade 1, blood 
transfusions and total parenteral nutrition.

 ► Grade 3–5: as above.

https://dx.doi.org/10.1136/bmjopen-2020-039422
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Risk of bias and quality assessment
Risk of bias and quality assessments will be performed 
independently by two reviewers (YK and YJO). Any 
disagreements will be resolved with a third reviewer 
(HRA). The risk of bias for non- randomised observational 
studies included will be assessed using the Newcastle- 
Ottawa Quality Assessment Scale (NOS) across three 
quality parameters (study selection, comparability of the 
population and a determination of whether the exposure 
or outcome includes the risk of bias) and scored out of 
nine points. The scores from the NOS will be converted 
to The Agency for Healthcare Research and Quality stan-
dards, classifying studies into ‘good quality’, ‘fair quality’ 
and ‘poor quality’.26

The risk of bias for RCTs will be assessed using the 
Cochrane risk of bias tool outlined by The Cochrane 
Handbook for Systematic Reviews of Interventions across 
seven domains: random sequence generation, allocation 
concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome 
data, selective outcome reporting and other biases.27

Data synthesis and meta-bias
The complications extracted from studies will initially be 
graded according to the CD classification. Complications 
will then be grouped for analysis into either primary and 
secondary outcome; primary if they are CD3 and above 
(major complications), and secondary if they are CD1 
and above (overall complications). Secondary outcomes 
will be further categorised into any complications, pneu-
monia, cardiac complication, surgical site infection, 
urinary tract infection, venous thromboembolism, renal 
failure, readmission, return to theatre, death and sepsis. 
The number of postoperative complications for both 
the lower HbA1c and higher HbA1c group will be used 
to derive pool estimates for each postoperative compli-
cation. HbA1c will be treated as a binary variable as this 
is the format in which most primary studies report their 
complications.

Statistical analyses will be performed using Stata Statis-
tical Software (StataCorp. 2019. Stata Statistical Soft-
ware: Release V.16, StataCorp). Funnel plots, together 
with Begg’s rank correlation test and Egger’s regression 
asymmetry test will be used to assess publication bias.28 
In addition, the Duval and Tweedie non- parametric ‘trim 
and fill’ method of accounting for publication bias will 
be performed to formalise the use of funnel plots and 
adjust the meta- analysis by incorporating the theoretical 
missing trials.28 Q- statistic will be used to investigate the 
degree of heterogeneity between studies. As a limitation 
of Cochran’s Q- test is the fact that it might be underpow-
ered when few studies have been included or when event 
rates are low, standard practice is to adopt a higher p value 
(rather than 0.05) as threshold for statistical significance. 
Thus, a p>0.1 will be interpreted as evidence by chance 
alone. I2 statistical test29 will be carried out to describe 
the proportion of total variation caused by heteroge-
neity because the Q- statistic has low power in common 

situations of few studies and excessive power to detect clin-
ically unimportant heterogeneity when there are many 
studies.30 I2 of less than 30% of the variability in point 
estimate will be considered as mild heterogeneity, more 
than 50% as notable heterogeneity, whereas anything 
in between considered as moderate heterogeneity. The 
random effects model (DerSimonian- Laird method) will 
be used to derive pool estimates and generate forest plots 
to account for interstudy heterogeneity, to see the effect 
of low and elevated HbA1c on the various postoperative 
complications. A meta- regression will be performed to 
evaluate the effect of different HbA1c cut- off values on 
the outcome. If a meta- analysis is not possible, a qualita-
tive synthesis will be performed instead.

Patient and public involvement
Patients or the public will not be involved in the design, 
conduct, reporting or dissemination plans at this stage 
of our research. Patient and public involvement will be 
necessary in future implementation studies.

Role of study team members
HRA and JKLW initiated the study. HRA, JKLW, YK, YJO 
and HHL participated in study design. JKLW, YK, YJO 
and HHL will write the full study manuscript with critical 
appraisal and further development by HRA and an addi-
tional author to represent a surgical perspective. HHL 
will advise regarding statistical and data analyses.

DISCUSSION
Conducting this meta- analysis will answer the research 
question of whether preoperative HbA1c has an asso-
ciation with postoperative complications in patients 
undergoing elective major abdominal surgery, a popu-
lation which has not yet been investigated through a 
meta- analysis.

The rationale for excluding certain patient popu-
lations will be explained here. Patients undergoing 
pancreatic surgery will be excluded from the definition 
of ‘Major abdominal surgery’ because the postoperative 
glucose metabolism in these patients are different to 
those undergoing other types of abdominal surgery.31 As 
perioperative glucose control has been demonstrated to 
be an independent predictor of postoperative compli-
cations,32 33 it would be inappropriate to group pancre-
atic surgery patients with other types of surgeries with 
an intact pancreas. Bariatric patients will be excluded as 
these patients have altered postoperative glucose metabo-
lism too. The mechanism in which this is different is asso-
ciated with hormones such as incretin and glucagon- like 
peptide 1.34 35 Patients undergoing emergency surgery 
will be excluded as these patients are fundamentally 
different to those undergoing elective surgery, as they 
are by default already subject to higher postoperative 
complications due to the nature of the surgery (eg, the 
unprepared bowel, faecal contamination, haemodynamic 
instability, sepsis). Additionally, for the future intent of 
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our study which is to optimise preoperative HbA1c in 
the preoperative setting, preoperative HbA1c optimisa-
tion would be irrelevant for patients undergoing emer-
gency surgery as they would not have the luxury of the 
‘preoperative period’. Finally, transplant patients will be 
excluded as the nature of transplant surgery is unique 
to that of ‘major abdominal surgery’, as defined in the 
introduction.

A strength of this meta- analysis is the fact that it will 
give insight into the association between preoperative 
HbA1c and postoperative complications in a population 
not investigated before through a meta- analysis, that is, 
the major abdominal surgery population. Furthermore, 
the inclusion of the Chinese database, CNKI, will ensure 
extensive coverage of literature as the database has grown 
significantly in the past decade.

The limitations in study design will be discussed here. 
While the wide variety of postoperative complications 
investigated by individual studies is an advantage as it 
allows insight to be gained on the association between 
preoperative HbA1c and various types of postoperative 
complications, this leads to the inevitability that there will 
be some postoperative complications that are only inves-
tigated by one or two studies, limiting the potential for 
a meta- analysis for these complications. In these cases, a 
qualitative analysis will be done. Another potential limita-
tion is the fact that HbA1c levels will be categorised into 
two groups (binary variable), that is, ‘Elevated’ and ‘Low’ 
HbA1c to derive pool estimates, while in reality HbA1c 
is a continuous variable. However, a preliminary search 
found that primary studies report their complications by 
similarly treating HbA1c as a binary variable. Therefore, 
treating HbA1c as a binary variable would be the optimal 
way to respect the original data from the primary studies.
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