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AbstrACt
Introduction Type 2 diabetes (T2D) is a major health 
concern associated with several comorbidities such 
as diabetic chronic kidney disease, neuropathy and 
cardiovascular diseases. Many of these complications 
may be preventable by an adequate lifestyle, including a 
favourable dietary behaviour, additionally to pharmacological 
management. In general, dietary guidelines for patients 
with diabetes recommend a hypocaloric diet to achieve a 
normal weight, but there is a lack of detailed instructions 
on specific nutrients and foods to prevent diabetes-related 
outcomes. Therefore, the aim of this systematic review and 
meta-analysis is to summarise the available evidence on 
the association between dietary factors and health-related 
outcomes in patients with T2D.
Methods and analysis A systematic literature search will 
be conducted in PubMed and Web of Science in May 2019 
to identify prospective observational studies investigating 
dietary factors in association with major complications in 
patients with T2D. We will include studies investigating 
dietary patterns, food groups, foods, macronutrients and 
micronutrients as well as secondary plant compounds. As 
diabetes-related outcomes, we will include macrovascular 
(cardiovascular and cerebrovascular diseases) and 
microvascular outcomes (nephropathy, neuropathy and 
retinopathy), as well as cancer, quality of life, depression, 
cognitive disorders and mortality. We will conduct dose-
response meta-analyses using random effects models. We 
will investigate heterogeneity across studies and publication 
bias. To assess the risk of bias and quality of the included 
studies, we will use the Cochrane risk of bias tool ROBINS-I 
and the quality of evidence will be assessed using Grades of 
Recommendation, Assessment, Development, and Evaluation.
Ethics and dissemination As the systematic review is 
based on published studies, ethical considerations are not 
required. The systematic review and meta-analysis will be 
published in a peer-reviewed Journal.
PrOsPErO registration number CRD42018110669

IntrOduCtIOn 
Type 2 diabetes (T2D) is a major health 
concern with an estimated global prevalence 

of 8.8% in the adult population and the 
prevalence is still expected to increase.1 It is 
well known that hyperglycaemia is associated 
with many comorbidities such as diabetic 
chronic kidney disease, retinopathy, neurop-
athy, foot ulcers, and cardiovascular diseases 
(CVD). Thus, patients with diabetes are at 
an increased risk of premature mortality. 
According to the International Diabetes 
Federation, about 4 million adults aged 20–79 
years died due to diabetes worldwide in 2017.1 
Recently, the Global Burden of Disease Study 
published a report presenting diabetes as one 
of the major causes of years of life lost among 
non-communicable diseases.2 Thus, manage-
ment of hyperglycaemia and secondary 
prevention of comorbidities in patients with 
diabetes is of high public health interest.

T2D is a metabolic multicausal disorder. 
Many risk factors for diabetes are known, 

strengths and limitations of this study

 ► The novelty of this systematic review will be the in-
vestigation of the current evidence on associations 
between dietary factors and risk of diabetes com-
plications in individuals with type 2 diabetes (T2D).

 ► This systematic review will provide a comprehen-
sive overview of dietary patterns, foods and nutri-
ents in association with a range of diabetes-related 
outcomes: macrovascular (cardiovascular diseases) 
and microvascular outcomes (nephropathy, neurop-
athy and retinopathy), cancer, health-related quality 
of life, depression, cognitive disorders and mortality.

 ► We will conduct linear and non-linear dose-re-
sponse meta-analyses to investigate the impact of 
different dietary factors on the risk of health-related 
outcomes in patients with  T2D.

 ► Evidence will be derived from prospective obser-
vational studies, and thus a conclusive answer on 
causality cannot be provided.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-0855-2769
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including non-modifiable risk factors, for example, age 
and genetic predisposition, as well as modifiable risk 
factors such as an unfavourable diet, overweight, smoking 
and physical inactivity.3 With regard to diet, several 
dietary recommendations for the prevention of T2D have 
been proposed.1 4–7 Thus, recommendations include 
reduced energy intake for weight management and 
general healthy diet patterns such as a Mediterranean 
diet, Dietary Approaches to Stop Hypertension (DASH) 
or plant-based diets.

In contrast, dietary guidelines for patients with T2D to 
prevent diabetes complications are scarce and mostly not 
evidence-based. In general, a hypocaloric diet is recom-
mended to achieve a normal weight,8 as well as the adher-
ence to dietary patterns like the Mediterranean diet and 
plant-based diets similar to general recommendations 
for the prevention of T2D.9 Moreover, recommendations 
refer to surrogate markers such as blood glucose and lipids 
instead of health-related outcomes.7 Specific instructions 
on nutrients and foods are missing or are based on recom-
mendations for the general population5 and thus, specific 
guidelines on the prevention of diabetes complications 
are of main interest. So far, individual studies investigated 
dietary factors in association to different diabetes-related 
outcomes in patients with T2D. For instance, total carbo-
hydrate intake was not associated with diabetic nephrop-
athy, retinopathy and CVD in a Japanese study with a 
follow-up of 8 years.10 In contrast, higher fruit intake has 
been shown to reduce the relative risk of diabetic reti-
nopathy by about 50% compared with the lowest quartile 
of fruit intake.11 Moreover, sodium intake was positively 
associated with the risk of CVD, but not with all-cause 
mortality in patients with T2D.12 Evidence on the impact 
of different dietary factors on diabetes complications 
has not been comprehensively summarised. There are 
systematic reviews on diet and retinopathy.13–15 However, 
a systematic review and meta-analysis on other health-re-
lated outcomes in patients with T2D is missing.

Therefore, this protocol presents the methodology 
of a systematic review and meta-analysis aiming at 
summarising and investigating the current literature on 
the associations of dietary factors and the risk of diabetes 
complications and health outcomes.

Objectives
The aims of the systematic review and meta-analysis are

 ► To summarise the currently available data on dietary 
factors, including dietary patterns, food groups, foods, 
macronutrients and micronutrients, secondary plant 
compounds and the risk of diabetes-related outcomes 
such as CVD, neuropathy, diabetic foot ulcers, ampu-
tations, nephropathy, retinopathy, cancer, health-re-
lated quality of life, depression, cognitive disorders 
and mortality in patients with T2D derived from 
prospective observational studies; and

 ► to quantitatively summarise the impact of different 
types of dietary factors on diabetic complications 

and mortality in linear and non-linear dose-response 
meta-analysis.

MEthOds
The present protocol was planned, conducted, and 
reported according to the Preferred reporting items 
for systematic review and meta-analysis protocols (PRIS-
MA-P).16 The systematic review and meta-analysis was 
registered in PROSPERO International Prospective 
Register of Systematic Reviews (registration number: 
CRD42018110669). Amendments to this protocol will 
be included into updated versions of the PROSPERO, if 
needed.

Eligibility criteria
We will include studies in the systematic review and 
meta-analysis if the following criteria are met:
1. Participants: We will include patients with T2D aged 

18 or older. Studies which solely focused on children, 
adolescents, participants with pre-diabetes, type 1 dia-
betes or gestational diabetes will be excluded, as well as 
animal and cell culture studies.

2. Exposure: Dietary factors including dietary patterns, 
food groups, foods, macronutrients and micronutri-
ents, and secondary plant compounds (eg, polyphe-
nols) and supplements (eg, vitamin E, magnesium). 
Studies reporting on dietary factors in combination 
with other lifestyle factors (eg, physical activity, lifestyle 
index) will be excluded.

3. Outcome: We will investigate the following diabetes 
complications: macrovascular complications including 
fatal and non-fatal cardiovascular diseases, microvascu-
lar complications: diabetic neuropathy, diabetic foot 
ulcers, amputations, diabetic nephropathy, diabetic 
retinopathy; cancer, health-related quality of life, de-
pression, cognitive disorders and mortality.

4. Study design: We will include prospective observa-
tional studies (including cohort, nested case-control, 
case-cohort studies and follow-up studies of interven-
tion studies) published in a peer-reviewed journal. 
Cross-sectional, case only or case-control studies, con-
ference abstracts, comments, letters and reviews will be 
excluded from the systematic review.

Articles written in English or German will be eligible 
for the systematic review and meta-analysis. Articles in 
other languages will be excluded.

Exposure
We will evaluate the impact of different dietary factors 
assessed by established dietary assessment instruments 
such as food frequency questionnaires, diet history, 
24-hour dietary recalls, dietary records, or biomarkers 
of dietary intake. We will include the following dietary 
factors:

 ► Dietary patterns, dietary habits and diet quality: 
We will include dietary patterns generated in the 
primary study and derived by hypothesis-driven 
methods, namely dietary indices (eg, Healthy Eating 
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Index,17 18 DASH,19 dietary scores (eg, Mediterranean 
Diet Score20), exploratory-derived dietary patterns 
by eg principal component analysis, factor analysis 
or reduced rank regression, dietary habits (eg, vege-
tarian or vegan diets), and diet quality (eg, glycaemic 
index or glycaemic load).

 ► Food groups or foods: We will especially focus on 
the following food groups: whole-grain products, 
refined grain products, potatoes, rice, vegetables, 
legumes, fruit, nuts, eggs, meat (red meat, processed 
meat, and poultry), dairy products, fish, tea, coffee, 
sweets, sugar-sweetened beverages, juice and alcoholic 
beverages.

 ► Macronutrients (carbohydrates, fats, protein), micro-
nutrients (vitamins, minerals), fibre and secondary 
plant compounds.

 ► Dietary supplements: vitamins (eg, vitamin E or D), 
minerals (eg, magnesium or calcium), or other prod-
ucts (eg, fish oils).

Outcome
We will include objectively measured outcomes such as 
CVD, neuropathy, nephropathy, retinopathy, cancer, 
and mortality assessed through record linkage, death 
certificates, disease-specific registries, medical records or 
accepted clinical criteria in the original papers; as well 
as subjectively measured outcomes such as health-related 
quality of life, depression and cognitive disorders evalu-
ated by validated or established instruments. In partic-
ular, we will focus on the following groups of outcomes:

 ► Macrovascular outcomes:
 – Total CVD, including coronary heart diseases and 

stroke.
 – Coronary heart diseases, including myocardial in-

farction, acute coronary syndrome, and ischaemic 
heart disease.

 – Heart failure.
 – Stroke.

 ► Microvascular outcomes:
 – Diabetic polyneuropathy, including the presence 

of symptoms and/or signs of peripheral nerve 
dysfunction in people with diabetes after the ex-
clusion of other causes, diabetic foot ulcers, and 
amputations.

 – Diabetic nephropathy/chronic kidney disease.
 – Diabetic retinopathy, including diabetic retinopa-

thy, macular oedema, vitreous haemorrhage, and 
diabetes-related blindness.

 ► Cancer: total cancer and site-specific cancer.
 ► Health-related quality of life, including global 

health-related quality of life, mental, social, emotional, 
role and physical functioning, as well as diabetes 
specific scales for example, problem areas in diabetes 
and diabetes distress.

 ► Depression.
 ► Cognitive disorders, including cognitive decline, 

cognitive impairment, and dementia (Alzheimer's 
disease and all-cause dementia).

 ► Mortality: all-cause and cause-specific mortality.

search strategy to identify relevant studies
The systematic literature search will be performed in 
PubMed and Web of Science. The search strategy was devel-
oped in PubMed and will be adapted for Web of Science. 
The systematic literature search will be conducted in May 
2019. The full search strategy for PubMed is presented in 
table 1. Afterwards, we will screen the reference lists of all 
eligible studies and relevant reviews to identify additional 
studies meeting our inclusion criteria. The search results 
will be managed using the citation software Reference 
Manager V.12.

study selection process
The titles and abstracts of all identified studies in the data-
bases will be independently screened by two researchers. 
In the second step, the full-texts of potentially relevant 
studies will be retrieved and investigated according the 
inclusion criteria. The reasons for exclusion of studies 
will be documented. Any disagreements between the two 
researchers will be resolved by consensus or by consul-
tation of a third researcher. Furthermore, the reference 
lists of all included studies will be screened for further 
potentially relevant articles. If there are multiple publi-
cations of the same study population we will include the 
most recent and comprehensive report including the 
largest sample size. The study selection process will be 
presented in a flow chart.

data extraction
One reviewer will extract the following information from 
the identified studies using a predefined data extraction 
form: the first author’s last name, year of publication, 
country of study conduct, study design, cohort name, 
sample size, number of cases, sex and age of the patients 
at study entry, duration of follow-up, type of exposure and 
assessment method, quantity of dietary factors across cate-
gories, type of outcome and assessment, the fully-adjusted 
risk estimate (Risk Ratio) with corresponding 95% CI 
and adjustment factors. A second reviewer will check all 
information for accuracy. If there is relevant information 
missing in the articles, we will contact the corresponding 
authors to obtain the data. We will exclude studies from 
the meta-analyses if we were unable to obtain relevant 
data. All contacts with authors will be documented.

study quality and risk of bias
To evaluate the study quality of the prospective studies 
and potential risks of bias, we will use the risk of bias in 
non-randomised studies of interventions (ROBINS-I) 
tool.21 This tool was proposed by Cochrane and can 
also be applied to assess the risk of bias in observational 
studies. The tool is divided into the following domains: 
(1) bias due to confounding, (2) bias in selection of 
participants into the study, (3) bias in measurement of 
the exposure, (4) bias due to misclassification of exposure 
during follow-up, (5) bias due to missing data, (6) bias in 
measurement of outcomes, and (7) bias in selection of 
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reported results. Signalling questions within each domain 
facilitate the judgement of potential risk of bias. A study 
will be considered as being at low risk of bias if the study 
has been rated to be at low risk of bias in all domains; low 
to moderate risk of bias if the study has been judged to 
be probably at risk for one domain; serious risk of bias if 
the study has been rated as high risk for more than one 
domain, and critical risk of bias if a study is judged to be 
at critical risk in at least one domain. If relevant infor-
mation in at least one domain are missing, the study will 
be classified as no information. Following the assessment 
of risk of bias, the body of evidence for each exposure 
and outcome association will be rated using the Grades 
of Recommendation, Assessment, Development, and 
Evaluation (GRADE) approach.22 This method takes 
into account the within-study risk of bias, inconsistency, 
indirectness and imprecision between the studies, publi-
cation bias, large magnitude of effect and dose-response 
relationship. Two reviewers will independently assess the 
risk of bias of all included studies and rate the certainty 
of evidence. Any disagreements between the two investi-
gators will be resolved by consensus or consultation of a 
third researcher.

data analysis and presentation
Data analyses will be performed using the statistical soft-
ware Stata V.14 (Statacorp). We will conduct meta-analyses 

using a random effects model when two or more studies 
on the same exposure and outcome are available by 
applying the method provided by DerSimonian and 
Laird.23 We will separately investigate studies on dietary 
intake, dietary supplements, and biomarkers of dietary 
intake. If a study reported only separate risk estimates for 
men and women, we will pool the data using a fixed effect 
model before entering the study in the overall meta-anal-
ysis. We will focus on dose-response meta-analyses and 
high versus low meta-analyses will only be conducted if 
information on dose-response associations are lacking. 
We will conduct linear dose-response meta-analyses using 
the method as described by Greenland and Longnecker.24 
In addition, we will explore the shape of the association 
by conducting non-linear dose-response meta-analysis 
as described by Orsini et al.25 This method requires the 
following data for at least three exposure categories: the 
quantified exposure value (eg, grams per day), the effect 
estimate with the corresponding 95 % CI, and the number 
of cases and person-years. If the number of cases in single 
categories has not been reported in one study, but infor-
mation on the total number of cases and total person-
years or the number of total patients plus follow-up period 
have been provided, the number of cases will be equally 
distributed across the quantiles, and for specified catego-
ries as described previously.26 If a range of dietary intake 

Table 1 Search strategy in PubMed 

#1 Diet diet [Mesh] OR diet [tiab] OR nutrition [tiab] OR dietary [tiab] OR intake [tiab] OR consumption 
[tiab] OR food [tiab] OR foods [tiab] OR food [MeSH] OR beverage [tiab] OR beverages [tiab] OR 
beverages [Mesh] OR drink [tiab] OR drinking [tiab] OR bread [tiab] OR cereals [tiab] OR grains 
[tiab] OR whole-grain [tiab] OR soy [tiab] OR soya [tiab] OR potatoes [tiab] OR legumes [tiab] OR 
rice [tiab] OR pasta [tiab] OR vegetables [tiab] OR fruit [tiab] OR milk [tiab] OR dairy [tiab] OR 
eggs [tiab] OR meat [tiab] OR fish [tiab] OR seafood [tiab] OR nuts [tiab] OR sweets [tiab] OR 
alcohol [tiab] OR nutrient [tiab] OR nutrients [tiab] OR coffee [tiab] OR tea [tiab] OR juice [tiab] 
OR macronutrients [tiab] OR fats [tiab] OR “fatty acids” [tiab] OR carbohydrates [tiab] OR fibre 
[tiab] OR fiber [tiab] OR sugar [tiab] OR protein [tiab] OR micronutrients [tiab] OR vitamin [tiab] OR 
vitamins [tiab] OR mineral [tiab] OR minerals [tiab] OR polyphenols [tiab]

#2 Diabetes diabetes [tiab] OR “Diabetes Mellitus, Type 2” [Mesh] OR diabetic [tiab]

#3 CVD macrovascular [tiab] OR “cardiovascular disease” [tiab] OR “cardiovascular diseases” [tiab] OR 
CVD [tiab] OR “heart disease” [tiab] OR “myocardial infarction” [tiab] OR “heart failure” [tiab] OR 
“cerebrovascular diseases” [tiab] OR stroke [tiab]

#4 Microvascular 
complications

microvascular [tiab] OR retinopathy [tiab] OR neuropathy [tiab] OR “foot ulcer” [tiab] OR 
amputations [tiab] OR nephropathy [tiab] OR “kidney disease” [tiab] OR “renal disease” [tiab]

#5 Cancer cancer [tiab] OR neoplasm [tiab] OR neoplasms [tiab] OR tumor [tiab] OR tumour [tiab]

#6 Cognitive disorders “cognitive disorders” [tiab] OR “cognitive decline” [tiab] OR “cognitive impairment” [tiab] OR 
dementia [tiab] OR alzheimer [tiab] OR “alzheimer's disease” [tiab]

#7 Health-related 
quality of life and 
depression

“health-related quality of life” [tiab] OR depression [tiab] OR depressive [tiab]

#8 Mortality mortality [tiab] OR death [tiab] OR survival [tiab]

#9 Study design prospective [tiab] OR cohort [tiab] OR “Cohort Studies” [Mesh] OR follow-up [tiab] OR longitudinal 
[tiab] OR nested [tiab]

#10 #3 OR #4 OR #5 OR #6 OR #7 OR #8

#11 #1 AND #2 AND #10 AND #9
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will be presented, the midpoint value will be assigned as 
exposure level for the respective category. To investigate 
heterogeneity, we will calculate tau-squared to assess the 
between-study variance and I2 statistic to investigate the 
variability of the observed effects in the meta-analyses.27 
We will also calculate prediction intervals to present how 
widely the single study effects vary across the studies.28 
We will conduct subgroup analyses and meta-regression 
to investigate possible sources of heterogeneity across 
studies such as sex, age, study length, study origin, dura-
tion of diabetes, medical treatment, if sufficient data are 
available. Moreover, potential publication bias will be 
investigated visually using funnel plots and Egger's test, 
whereas a p value<0.1 indicates potential publication bias.

The results of the systematic review and meta-analyses 
will be reported according to the Meta-analysis Of Obser-
vational Studies in Epidemiology (MOOSE).29 The char-
acteristics and results of all studies will be presented in 
summary tables and forest plots where appropriate.

Patient and public involvement
We considered the opinion of patients with diabetes mellitus 
regarding the research question and outcome selection. In a 
previous project, partly conducted at our institution, patients’ 
interests, information needs and preferences concerning 
diabetes research was assessed. The study was conducted 
in 26 adults with diabetes from North Rhine-Westphalia, 
Germany. The patients were interviewed in moderated 
focus groups and transcripts were analysed in a multidis-
ciplinary team using qualitative content analysis.30 Patients 
with diabetes expressed their interests, among others, in 
accessibility to comprehensible knowledge regarding life-
style recommendations, including dietary advices. In partic-
ular, they asked about different effects of dietary patterns 
containing different amounts of carbohydrates and fats. 
Moreover, patients also discussed about complications due 
to diabetes. One central point was the prevention of compli-
cations, especially cardiovascular diseases, polyneuropathy, 
diabetic foot pain and ulcer, nephropathy and retinopathy. 
Additionally, health-related quality of life and its predic-
tors were mentioned as an important outcome regarding 
diabetes research. These findings underline that patients 
with diabetes are searching for clear and comprehensible 
information on dietary recommendations with regard to 
prevention of diabetes complications and health-related 
quality of life.

Moreover, based on this survey,30 a questionnaire was 
developed and tested in a pretest. At the end of 2018, the 
questionnaire had been sent out to a representative study 
sample, including 3000 patients with diabetes registered 
at a local health insurance. These findings will help us to 
focus on (further) patient-relevant outcomes, which we 
can incorporate in extensions of our systematic review 
and meta-analysis.

COnClusIOn
To our knowledge, this systematic review and meta-anal-
ysis is the first to comprehensively summarise the available 
evidence and conduct meta-analyses on the association of 
dietary factors and diabetes-related outcomes in patients 
with T2D. We will include studies investigating dietary 
patterns, food groups or single foods, macronutrients and 
micronutrients, or secondary plant compounds (polyphe-
nols) in association with CVD, neuropathy, diabetic foot 
ulcers, pain and amputations, nephropathy, retinopathy, 
cancer, quality of life, depression, cognitive disorders and 
mortality in individuals with T2D.

As diabetes management is important to prevent 
comorbidities and dietary guidelines for patients with 
T2D are scarce, this systematic review will provide 
important impact regarding evidence-based recommen-
dations on dietary behaviour for patients with prevalent 
diabetes. Further research questions can be developed, 
for example, dietary factors in association to further 
endpoints.
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