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Method S1: Literature retrieval strategy

1.1 Type 2 diabetes mellitus

Retrieval strategy(China National Knowledge Infrastructure, WANGFANG, VIP): (published between (2000-01-01, 2020-01-01) and (subject = synonym extension (diabetes)) or (title = synonym extension (diabetes)) or (v_subject = synonym extension (diabetes) or (v_ Subject = synonym extension (diabetes, both Chinese and English)) or (title = Chinese English extension (diabetes)) or (title = Chinese English extension (metabolomics)) or (title = synonym extension (metabolomics)) or (v_subject = synonym extension (metabolomics)) or (v_subject = synonym extension (metabolomics, Chinese English control)) or (title = Chinese English extension (metabolomics)) or (title = Chinese English extension (metabolomics, Chinese English control)) (fuzzy matching).

Retrieval strategy(PubMed, The Cochrane Library): ("Metabolomics"[Mesh] AND "Diabetes Mellitus"[Mesh]) AND (Clinical Study[ptyp]) AND ("2000/01/01"[PDAT]: "2020/01/01"[PDAT]) AND (English[lang]) AND ("adult"[MeSH Terms]).

1.2 Type 2 diabetic ketosis

Retrieval strategy(China National Knowledge Infrastructure, WANGFANG, VIP):(published between (2000-01-01, 2020-01-01) and (subject = synonym extension (diabetic ketosis)) or (title = synonym extension (diabetic ketosis)) or (v_subject = synonym extension (diabetic ketosis)) or (v_subject = synonym extension (diabetic ketosis, Chinese and English)) or (title = Chinese English extension (diabetic ketosis)) or (title = synonym extension (metabolomics)) or (title = synonym extension (metabolomics)) or (v_subject = synonym extension (metabolomics) or (v_subject = synonym extension (metabolomics, Chinese and English)) or (title = Chinese English extension (metabolomics, Chinese English control)) (fuzzy matching).

Retrieval strategy(PubMed, The Cochrane Library): ("Diabetic Ketoacidosis"[Mesh]) AND ("Metabolomics"[Mesh]).

1.3 Type 2 diabetic peripheral neuropathy

Retrieval strategy(China National Knowledge Infrastructure, WANGFANG, VIP): (published between (2000-01-01, 2020-01-01)) and (subject = synonym extension (diabetic peripheral neuropathy)) or (title = synonym extension (diabetic peripheral neuropathy)) or (v_subject = synonym extension (diabetic peripheral neuropathy)) or (v_subject = synonym extension (diabetic peripheral neuropathy, Chinese English control)) or (title = Chinese English extension (diabetic peripheral neuropathy)) or (title = synonym extension (metabolomics)) or (title = synonym extension (metabolomics)) or (title = synonym extension (metabolomics)) or (v_subject = synonym extension (metabolomics)) or (v_subject = synonym extension (metabolomics, Chinese English control)) or (title = Chinese English extension (metabolomics)) or (title = Chinese English extension (metabolomics, Chinese English control)) (fuzzy matching).

Retrieval strategy(PubMed, The Cochrane Library): (Search: ("Metabolomics"[Mesh]) AND ("Diabetic Neuropathies"[Mesh]) Filters: (Clinical Study, Adult: 19+ years, English).

1.4 Type 2 diabetic retinopathy

Retrieval strategy(China National Knowledge Infrastructure, WANGFANG, VIP):(published between (2000-01-01, 2020-01-01)) and (subject = synonym extension (diabetic retinopathy)) or (title = synonym extension (diabetic retinopathy)) or (v_subject = synonym extension (diabetic retinopathy)) or (v_subject = synonym extension (diabetic retinopathy, Chinese and English)) or (title = Chinese-English extended (diabetic retinopathy)) or (title = synonym extension (metabolomics)) or (title = synonym extension (metabolomics)) or (v_subject = synonym extension (metabolomics)) or (v_subject = synonym extension (metabolomics, Chinese-English control)) or (title = Chinese-English extension (metabolomics)) or (title = Chinese-English extension (metabolomics, Chinese English control)) (fuzzy matching).

Retrieval strategy(PubMed, The Cochrane Library): (Search: ("Metabolomics"[Mesh]) AND ("Diabetic Retinopathy"[Mesh]) Filters: (Adult: 19+ years, English).
1.5 Type 2 diabetic nephropathy

Retrieval strategy(China National Knowledge Infrastructure, WANGFANG, VIP):(published between (2000-01-01, 2020-01-01)) AND (subject = synonym extension (diabetic nephropathy)) OR (title = synonym extension(diabetic nephropathy)) OR (v_subject = synonym extension (diabetic nephropathy)) OR (v_subject = synonym extension (diabetic nephropathy, Chinese AND English)) OR (title = Chinese English extension (diabetic nephropathy)) OR (title = synonym extension (metabolomics)) OR (title = synonym extension (metabolomics)) OR (v_subject = synonym extension (metabolomics)) OR (v_subject = synonym extension (metabolomics, Chinese English control)) OR (title = Chinese English extension (metabolomics)) OR (title = Chinese English extension (metabolomics, Chinese English control)) (fuzzy matching).

Retrieval strategy(PubMed, The Cochrane Library): ("Metabolomics"[MeSH Terms]) AND ("Diabetic Nephropathies"[MeSH Terms]).

Method S2 Inclusion and exclusion criteria

2.1 Inclusion criteria
2.1.1 PM

A study would be included in the review if it satisfied the following predefined criteria:

(1) Patients’ symptoms in the literature must fulfill the diagnostic criteria of prediabetes, namely, impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) or impaired fasting glucose with impaired glucose tolerance (IFG + IGT). IFG was defined as a fasting blood glucose level of 100 mg/dl (5.6 mmol/L) to 125 mg/dl (6.9 mmol/L); IGT was defined based on the standard 75 g glucose tolerance test (OGTT). The 2-hour postprandial blood glucose level was 140 mg/dl (7.8 mmol/L) to 199 mg/dl(11.0 mmol/L); (2) there were no strict restrictions on age and gender.

(3) There was a clear, healthy control group.

(4) Urine or blood sample.

(5) The clinical design included cross-sectional, case-control, and prospective cohort studies.

(6) In a randomized controlled trial, a healthy control group was set up separately.

2.1.2 T2DM

A study would be included in the review if it satisfied the following criteria:

(1) Patients’ symptoms in the literature must fulfill the diabetes diagnostic criteria published by the World Health Organization in1999(1), namely, a fasting blood glucose level greater than 7.0 mmol/L (126 mg/dL) and postprandial blood glucose ≥11.1 mmol/L (200 mg/dL).

(2) All study populations had no strict restrictions on age, gender, and course of diabetes.

(3) There is a clear, healthy control group.

(4) The source of the sample was blood, urine, or tissue.

(5) The clinical design was a cross-sectional, case-control, prospective cohort observational study.

(6) A randomized controlled trial established a healthy control group.

2.1.3 T2DK

A study would be included in the review if it satisfied the following predefined criteria:

(1) Patients’ symptoms in the literature must fulfill the clinical diagnostic criteria for type 2 diabetes mellitus. The clinical diagnosis of type 2 diabetes ketosis refers to the American Diabetes Association criteria(2), namely, fasting blood glucose level ≥7.0 mmol/L, whole blood pH <7.30 or serum bicarbonate level <18 mmol/L, blood glucose level >11.1 mmol/L (200 mg/dL), and the urine ketone body is positive by routine urine examination.

(2) All study populations had no strict restrictions on age, gender, and course of diabetes.

(3) There is a clear, healthy control group.

(4) The source of the sample was blood, urine, or tissue.

(5) The clinical design was a cross-sectional, case-control, prospective cohort observational study.

(6) A randomized controlled trial established a healthy control group.

2.1.4 T2DPN

(1) Patients’ symptoms in the literature must fulfill the clinical diagnostic criteria for type 2 diabetic peripheral neuropathy. The clinical diagnosis of type 2 diabetic peripheral neuropathy refers to the modified Neuropathy Disability Score and Vibration Perception Threshold (3, 4), that is, a fasting blood glucose level of ≥7.0 mmol/L. Patients have severe peripheral sensory defects (acupuncture, temperature, or vibration).

(2) All study populations had no strict restrictions on age, gender, and course of diabetes.

(3) There is a clear, healthy control group.

(4) The source of the sample was blood, urine, or tissue.

(5) The clinical design was a cross-sectional, case-control, prospective cohort observational study.

(6) A randomized controlled trial established a healthy control group.

2.1.5 T2DR

(1) Patients’ symptoms in the literature must fulfill the clinical diagnostic criteria for type 2 diabetic retinopathy. The clinical diagnosis of type 2 diabetic retinopathy was based on the American Diabetes Association criteria (5), namely, fasting blood glucose level ≥ 7.0 mmol / L and at least one eye diagnosed as having diabetic retinopathy by fundus microscopy, fundus color photography, and angiography. Diagnosis of non-proliferative lesions is based on macular hemorrhage, microaneurysms, cotton wadding spots, or retinal microvascular abnormalities; diagnosis of proliferative diseases is based on the existence of iris or retinal neovascularization; clinical staging of type 2 diabetic retinopathy refers to the classification standard of diabetic retinopathy formulated by the fundus disease group of the Chinese Medical Association(6). And according to the fundus changes, diabetic retinopathy can be were divided into the non-proliferative type and proliferative type. From stages 1 to 6, the disease gradually worsened. In stage I, there was microaneurysms or small bleeding spots in the retina. In stage 2, there was yellow white "hard exudation" in the retina. In stage 2I, the retina had gray white "soft exudation" or combined with the stage I or Ⅱ lesions; in stage IV, retinal neovascularization or vitreous hemorrhage; in stage V, retinal neovascularization and fiber proliferation; and in stage VI, retinal neovascularization and fiber proliferation, leading to retinal detachment.

(2) There were no strict restrictions on age, sex, and duration of diabetes mellitus in all study groups. 

(3) There was a clear, healthy control group. 

(4) Samples were collected from blood, urine, or tissue. 

(5) The clinical design included cross-sectional, case-control, and prospective cohort studies.

(6) In a randomized controlled trial, a healthy control group was set up separately.

2.1.6 T2DN

(1) Patients’ symptoms in the literature must fulfill the clinical diagnostic criteria for type 2 diabetic nephropathy. The clinical diagnosis of type 2 diabetic retinopathy was based on the American Diabetes Association criteria 



(7-9) ADDIN EN.CITE , namely, fasting blood glucose level ≥ 7.0 mmol/L, urinary albumin/creatinine (ACR) higher than 30 mg/g for more than 3 months, or estimated glomerular filtration rate eGFR < 60 ml/min/1.73M2.

(2) There were no strict restrictions on age, sex, and duration of diabetes mellitus in all study groups.

(3) There was a clear, healthy control group.

(4) Samples were collected from blood, urine, or tissue.

(5) The clinical design included cross-sectional, case-control, and prospective cohort studies.

(6) In a randomized controlled trial, a healthy control group was set up separately. 

2.2 Exclusion criteria

2.2.1 PM

(1) Animal experiments, literature review, repeated collection, and published literature

(2) Methods for non-metabolomics

(3) Classification or research of TCM(Traditional Chinese Medicine) syndrome types

2.2.2 T2DM

(1) Animal experiments, literature review, repeated collection, and published literature

(2) Methods for non-metabolomics

(3) Type I diabetes mellitus, gestational diabetes mellitus, and special diabetes mellitus

(4) Classification and research on TCM syndrome types

2.2.3 T2DK
(1) Animal experiments, literature review, repeated collection, and published literature

(2) Methods for non-metabolomics

(3) Type I diabetic ketosis, gestational diabetes ketosis, special diabetic ketosis-related research

(4) Classification and research on TCM syndrome types

2.4 T2DPN
(1) Animal experiments, literature review, repeated collection, and published literature

(2) Methods of non-metabolomics

(3) Type I diabetic peripheral neuropathy, pregnancy peripheral neuropathy, special diabetic peripheral neuropathy

(4) Other non-high glucose-induced neuropathy-related research

(5) Classification or research of TCM syndrome types

2.2.5 T2DR
(1) Animal experiments, literature review, repeated collection, and published literature

(2) Methods for non-metabolomics

(3) Related research on type I diabetic retinopathy, gestational diabetic retinopathy, and special diabetic retinopathy

(4) Other non-high glucose-induced retinopathy (e.g., uvea, optic neuritis, glaucoma).

(5) Classification and research on TCM syndrome types

2.2.6 T2DN
(1) Animal experiments, literature review, repeated collection, and published literature

(2) Methods for non-metabolomics

(3) Related research on type I diabetic nephropathy, gestational diabetic nephropathy, and special diabetic nephropathy

(4) Other non-high glucose-induced retinopathy (e.g., uvea, optic neuritis, glaucoma)

(5) Classification and research on TCM syndrome types

2.3 Literature Searching Strategy
To retrieve and include papers, we completed five separate and sequential literature searches using PubMed (http://www.ncbi.nlm.nih.gov/pubmed), the Cochrane Library (https://www.cochrane.org/welcome), China National Knowledge Infrastructure Database (https://www.cnki.net/), WangFang Database (http://www.wanfangdata.com.cn/index.html), and VIP Database (http://www.cqvip.com/). The aim of the first search was to find all related free words (synonyms) according to the subject words. Next, we used the search term “#1 OR #2 OR #3 AND *1 OR *2 OR*3,” “#MeSH AND *MeSH” (#: Subject words and free words of type 2 diabetes and its complications；* Subject words and free words in metabolomics). The retrieval time of the literature was set from January 1, 2000, to January 1, 2020, and the clinical research depended on the official publication time of the literature.  

2.4 Data Extraction

The initial literature screening process was conducted by reviewing the titles and abstracts. Subsequently, full-text versions of potential articles were obtained for further assessment. Next, data were extracted following the pre-designed form, including the title, name of the first author and corresponding author, publication institution, publication year, patient characteristics (sample size, sex, age, patient’s baseline, and sample category), study design, and domains of risk of bias. Finally, biomarkers for the early diagnosis of type 2 diabetes and its complications were identified.

2.5 Literature quality assessment

The Cochrane Collaboration risk of bias tool was used to evaluate the baseline indicators of the eligibility of the included studies. The following items were assessed: 1) sample size of each group, 2) age, and 3) sex. If the baseline basic indicators of included research are complete and there is no statistical difference, the quality of literature can be rated as "low risk" (indicating low bias risk). And the quality of literature can be rated as "high risk" (high bias risk) if any one of the three items with a statistical difference, and it can be rated as "unclear" if the data are incomplete.

Method S3 Literature retrieval and inclusion results

3.1 Type 2 prediabetes mellitus

A total of 339 records were identified from the five databases. Then, 42 records were removed for duplication, and 212 records were excluded through screening titles and abstracts because they were irrelevant studies, reviews and animal experiments. The full texts of the remaining records were screened, and 62 records were excluded for the eligibility of abovementioned exclusion criteria. Ultimately, 23 literatures were included in this review. They were all published from 2000 to 2020. The process and results of literature screening are shown in Figure 1.

3.2 Type 2 diabetes mellitus

A total of 1005 records were identified from the five databases. Then, 164 records were removed for duplication, and 800 records were excluded through screening titles and abstracts because they were irrelevant studies, reviews and animal experiments. The full texts of the remaining records were screened, and 3 records were excluded for the eligibility of abovementioned exclusion criteria. Ultimately, 38 literatures were included in this review. They were all published from 2000 to 2020. The process and results of literature screening are shown in Figure 1.

3.3 Type 2 diabetic ketosis

A total of 7 records were identified from the five databases. Then, 3 records were removed for duplication, and 3 records were excluded through screening titles and abstracts because they were irrelevant studies, reviews and animal experiment and the eligibility of abovementioned exclusion criteria. Ultimately, 1 literature were included in this review. They were all published from 2000 to 2020. The process and results of literature screening are shown in Figure 1.

3.4 Type 2 diabetic peripheral neuropathy

A total of 11 records were identified from the five databases. Then, 3 records were removed for duplication, and 13 records were excluded through screening titles and abstracts because they were irrelevant studies, reviews and animal experiment and the eligibility of abovementioned exclusion criteria. Ultimately, only 1 literature were included in this review. They were all published from 2000 to 2020. The process and results of literature screening are shown in Figure 1.

3.5 Type 2 diabetic retinopathy

A total of 21 records were identified from the five databases. Then, 3 records were removed for duplication, and 14 records were excluded through screening titles and abstracts because they were irrelevant studies, reviews and animal experiment and the eligibility of abovementioned exclusion criteria. Ultimately, 4 literatures were included in this review. They were all published from 2000 to 2020. The process and results of literature screening are shown in Figure 1.

3.6 Type 2 diabetic nephropathy

A total of 295 records were identified from the five databases. Then, 32 records were removed for duplication, and 238 records were excluded through screening titles and abstracts because they were irrelevant studies, reviews and animal experiments. The full texts of the remaining records were screened, and 8 records were excluded for the eligibility of above mentioned exclusion criteria. Ultimately, 17 literatures were included in this review. They were all published from 2000 to 2020. The process and results of literature screening are shown in Figure 1. 

Method S4 Baseline characteristic
4.1 Type 2 prediabetes mellitus

In this study, 23 articles were finally included, involving 4665 subjects, including 2445 cases in the early diabetic group and 2220 cases in the blank control group. Among them, there were 11 articles with no statistical difference in age, gender and baseline (P > 0.05) 



(10-13) ADDIN EN.CITE ,



(14-20) ADDIN EN.CITE , given "low-risk" bias assessment; 1 literature (21) baseline instability (P < 0.05), research results may have a certain risk, given "high-risk" bias; 11 literature 



(22-32) ADDIN EN.CITE  Clinical baseline information is incomplete, given "unclear" assessment, the specific information is shown in table S1. 
4.2 Type 2 diabetes mellitus

A total of 39 articles were included in this study, with a total of 24961 subjects, including 2445 cases in the diabetes group and 2220 cases in the control group. Among them, there were 12 articles 



(33-43) ADDIN EN.CITE  with no significant difference in age, gender and baseline (P > 0.05), and 10 articles 



(44-53) ADDIN EN.CITE , respectively, the baseline was unstable (P < 0.05), and the research results may have certain risk, so the bias of "high risk" was given; 17 literatures 



(46, 54-69) ADDIN EN.CITE  had incomplete clinical baseline information, and were assessed as "unclear". The specific information is shown in table S1.

4.3 Type 2 diabetic ketosis

Finally, a literature



(70) ADDIN EN.CITE  was included in this study, including 20 cases of diabetic ketosis group and 19 cases of control group. The clinical baseline information was incomplete and was assessed as "unclear". The specific information is shown in table S1.

4.4 Type 2 diabetic peripheral neuropathy

Finally, a literature(71) was included in this study, including 40 cases of diabetic peripheral neuropathy and 40 cases of control group. There was no significant difference in age, gender and baseline (P > 0.05). The "low risk" bias was assessed. The specific information is shown in table S1.

4.5 Type 2 diabetic retinopathy

Four articles



(72-75) ADDIN EN.CITE  were included in this study, including 92 cases of diabetic retinopathy group and 90 cases of control group. Two articles 



(72, 74) ADDIN EN.CITE  had no statistical difference in age, gender and other baseline (P > 0.05), so they were given "low-risk" bias assessment; one literature



(75) ADDIN EN.CITE  had unstable baseline (P < 0.05), and the research results may have certain risks, so they were given "high-risk" bias; one literature had incomplete clinical baseline information and was given "unclear" assessment. The specific information is shown in table S1.

4.6 Type 2 diabetic nephropathy

Seventeen articles 



 ADDIN EN.CITE.DATA 



(76-92) ADDIN EN.CITE  were included in this study, including 1 880 subjects, including 1269 cases of diabetic nephropathy and 611 cases of control group. Among them, 5 articles 



(76, 79, 82, 85, 92) ADDIN EN.CITE  had no statistical difference in age, gender and other baseline (P > 0.05), and they were given "low-risk" bias assessment; and 9 articles 



(80, 81, 83, 86-91) ADDIN EN.CITE  the baseline was unstable (P < 0.05), and the research results may have certain risks, so the bias of "high risk" was given; one literature with incomplete clinical baseline information was given "unclear" evaluation, and the specific information is shown in table S1.
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