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Background: We sought to investigate the methodological and reporting quality of published systematic reviews describing randomized controlled trials in type 2 diabetes mellitus and analyze their association with status of protocol registration.

Methods: We searched the PubMed database and identified non-Cochrane systematic reviews, with or without meta-analysis, reporting on type 2 diabetes mellitus and published between 2005 and 2018. We then randomly selected 20% of these reviews in each year, and performed methodological and reporting quality assessment using the Assessment of Multiple Systematic Review 2 (AMSTAR-2) checklist and Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement. We also conducted regression analyses to explore the association between characteristics of systematic reviews and AMSTAR-2 or PRISMA scores.

Results: A total of 238 systematic reviews, including 33 registered and 205 non-registered articles, met the inclusion criteria and were subsequently reviewed. Analysis indicated an increase in both registered rates and quality of systematic reviews in type 2 diabetes mellitus over the recent years. With regards to methodological and reporting quality, we found higher scores in registered, relative to non-registered reviews (AMSTAR-2 mean score: 18.0 vs. 14.5, P = 0.000; PRISMA mean score: 20.4 vs. 17.6, P = 0.000). AMSTAR-2 and PRISMA scores were associated with registration status, country of the first author, and statistical results, whereas the proportion of discussing publication bias and reporting funding sources were <40% for both registered and non-registered systematic reviews.

Conclusions: Methodological and reporting quality of systematic reviews in type 2 diabetes mellitus indicates an improvement in the recent years. However, the overall quality remains low, necessitating further improvement. Future studies are expected to pay more attention to prospective registration, description of publication bias and reporting of funding sources.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the most common chronic diseases in the world (1). To explore safety and efficacy of new interventions for managing the disease, many randomized controlled trials (RCTs) have been conducted. However, many trials investigating the same intervention have reported conflicting results, necessitating systematic reviews (SRs) and meta-analyses.

The publication of articles reporting SRs were about 2,500 in 2004 (2), and by 2014 they had increased by 3-fold to more than 8,000 (3). However, methodological and reporting quality in many of these reviews and meta-analyses remain unclear. Key concerns include a lack of reporting complete of methods and contacting authors for unpublished data, as well as use of inappropriate statistical methods (3).

To promote transparency and coordination of non-Cochrane SRs, an International Prospective Register of Systematic Reviews (PROSPERO) was established in 2011. This free online facility offers registration and public access to non-Cochrane SRs (4), with reports indicating that prospective registration therein may improve the quality of SRs. Resulting SR protocols help to define the study purpose, inclusion criteria, methods, data analysis, thereby avoid reporting bias during the research process (5, 6).

To date, no specific study has reported on the quality of SRs in T2DM. Therefore, we aimed to investigate the methodological and reporting quality of SRs describing RCTs in T2DM over the last few years, and analyze its association with status of protocol registration. Furthermore, we explored potential aspects for improving SRs quality on RCT in T2DM, which may provide some advice for future reviewers.



METHODS


Search Strategy

In order to gain a snapshot of the literature and explore potential differences before/after the introduction of PROSPERO, we restricted the search to PubMed and the years 2005-2018. On 24th September, 2019, we searched the PubMed database, using the following strategy: (((((RCTs [Title/Abstract] OR randomized [Title/Abstract] OR randomized [Title/Abstract])) AND (systematic [Title/Abstract] OR meta [Title/Abstract] OR meta-analysis [Title/Abstract])) AND (type 2 diabetes [Title/Abstract] OR type II diabetes [Title/Abstract] OR T2DM [Title/Abstract]))) AND (“2005/01/01” [Date - Publication]: “2018/12/31” [Date - Publication]).



Eligibility Criteria

SR articles, with or without meta-analysis data that met the following criteria were included in our study: (1) had RCTs that explored safety and efficacy of interventions related to T2DM; and (2) were published in English, between 2005 and 2018.

Conversely, those that met the following criteria were excluded: (1) diagnostic test accuracy review, meta-epidemiological study, update review or published as a thesis; (2) included type 1 diabetes mellitus, gestational diabetes mellitus or special types of diabetes mellitus; (3) were duplicates or had no full texts. We also excluded studies from Cochrane library. Despite protocol registration being necessary for Cochrane SRs, studies have reported that the quality of Cochrane-derived SRs is better than that of non-Cochrane SRs (3, 7–9), which may affect the results of our study.



Screening and Selection

Two reviewers (QZ and FL) independently reviewed the titles and abstracts, before identifying and selecting potential eligible SRs. Currently, there are no recognized method for random selection of articles, but also no recognized sample size to detect the difference of methodological quality and reporting quality between registered and non-registered systematic reviews. In previous studies, certain number of studies were randomly selected from all eligible subjects, such as 50 (7) and 100 (8). However, the sampling method of these studies can't present good representation in each year. Therefore, based on the available time and other resources, we randomly selected the first 20% of studies in each year, by generating the random number tables in Microsoft Excel (Microsoft Corp, Redmond, WA, www.microsoft.com). If a selected SR was not eligible, following reading of the full text and according to the inclusion and exclusion criteria, a successive record was used to replace it (7). Any disagreements were resolved by a third reviewer (Y Liu).



Data Extraction

Two reviewers (QZ and FL) independently extracted the following data from the eligible SRs: title, publication year, journal name, impact factor (IF) at the time of this study, country of the first author, with meta-analysis or not, registration status, intervention type, number of RCTs, number of included patients, statistical result (positive or negative). Any conflicts between them resolved by consensus.



Assessment of Methodological and Reporting Quality

We evaluated the methodological quality of the included SRs using A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR-2) tool (10), a widely cited tool (10, 11). The tool comprises 16 items, with 7 critical items (Items 2, 4, 7, 9, 11, 13, and 15) and 9 non-critical items (Items 1, 3, 5, 6, 8, 10, 12, 14, and 16) (Supplementary Table 1). Each item was judged as: “Yes” (item fully addressed), “Partial Yes” (item not fully addressed), “No” (item not addressed) or “No meta-analysis conducted.” Quality of each SR was categorized into four levels as follows: high level (no or one non-critical weakness), moderate level (more than one non-critical weakness), low level (one critical flaw with or without non-critical weaknesses) and critically low level (more than one critical flaw with or without non-critical weaknesses). In order to quantify the methodological quality, for non-critical items, we assigned “1” point for “Yes,” “0.5” for “Partial Yes,” and “0” for “No” or “No meta-analysis conducted,” respectively (12). For critical items, the score was double. The total AMSTAR-2 score was 23 points.

Reporting quality was assessed according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement, with a checklist of 27 items (Supplementary Table 2) (13). Each item was judged as “Yes” for total compliance, “Partial” for partial compliance, “No” for non-compliance and “Cannot answer” for limited information. The total score was obtained by adding “1” point for “Yes,” “0.5” for “Partial,” “0” for “No” and “Cannot answer” (7). The total PRISMA score was 27 points.

Two reviewers (QZ and FL) independently evaluated the methodological and reporting quality of the included SRs. Any conflicts between them resolved by consensus.



Data Analysis

We compared the general characteristics, methodological and reporting quality between registered and non-registered SRs. Frequencies and percentages were used for categorial variables, whereas medians and interquartile ranges were taken as continuous variables. We used the Fisher's exact-test to analyze the differences in categorial items, and a two-sample Wilcoxon rank-sum test or Student t-test to evaluate the differences between continuous items.

For methodological and reporting quality, we calculated the frequency of “Yes” for each item, as well as the odds ratio (OR) with 95% confidence intervals (95% CIs) and P-values to compare the differences between registered and non-registered SRs. We also summarized mean scores and standard deviations obtained using AMSTAR-2 and PRISMA for each SR, and calculated mean differences and 95% CIs to compare the methodological and reporting quality between registered and non-registered SRs.

We also used univariate and multivariate linear regression analyses to explore factors related to methodological or reporting quality. The variables in the models, which were defined a priori, included impact factor, country of the first author, registration status, intervention type, number of RCTs, number of included patients, statistical result. In addition, we conducted sensitivity analyses to evaluate the robustness of statistical results by excluding the items related to registration (Item 2 for AMSTAR-2 and Item 5 for PRISMA) (7).

All analyses were performed in Stata 14.0 (StataCorp, College Station, TX, USA; www.stata.com), with statistical significance done using two-sided test where p < 0.05.




RESULTS


Search Results

We retrieved a total of 1,648 from the PubMed database, and found 1,196 to be eligible after reviewing titles and abstracts. Finally, 238 studies were randomly selected to evaluate methodological and reporting quality, including 31 SRs and 207 SRs before and after the introduction of PROSPERO, respectively (Figure 1 and Supplementary Table 3).


[image: Figure 1]
FIGURE 1. The flow diagram of literature selection. T2DM, type 2 diabetes mellitus.




Characteristics of the Selected Systematic Reviews

The general characteristics of SRs are outlined in Table 1. Among the selected studies, 33 were registered whereas 205 were non-registered SRs. Additionally, meta-analysis was conducted in 93.9% of the registered and 86.3% of the non-registered SRs. With regard to geographical origin, most of the included SRs were conducted in America/Canada (25.6%), Europe (28.6%), and China (28.2%). Twenty-one (63.6%) registered and 155 (75.6%) non-registered SRs were published in journals with an impact factor <5. In addition, the mean impact factor of registered SRs was 5, and 6% of the articles were published in journals with an impact factor over 10. The median number of RCTs and participants in the selected SRs was 12.0 (7.0, 22.0) and 3517.5 (1025.0, 13715.0), respectively. Furthermore, 57.6% of the included SRs evaluated the effect of pharmacological interventions, with 71.3% of included SRs exhibiting positive statistical results.


Table 1. Characteristics of included systematic reviews in study.
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Trend of the Quality and Registered Rates

The registered rates of SRs in T2DM increased from 0, in 2013, to about 25% in 2018. Methodological and reporting quality also improved steadily between 2005 and 2018. The mean of PRISMA scores were 13.0 and 18.4 points in 2005 and 2018, respectively, whereas those of AMSTAR-2 were 8.2 and 16.4 points in 2005 and 2018, respectively. According to the qualitative analysis of AMSTAR-2, most of the selected SRs had extremely low-level methodological quality, with 5 and 2 SRs exhibiting high and moderate levels, respectively (Figure 2 and Supplementary Figure 1).


[image: Figure 2]
FIGURE 2. Changes of the quality and registered rates of systematic reviews in type 2 diabetes mellitus between 2005 and 2018. P, Preferred Reporting Items for Systematic Reviews and Meta-analyses; A, Assessment of Multiple Systematic Review 2.




Methodological Quality of Included Systematic Reviews

Methodological quality of included SRs is shown in Figures 3A, 4A. We found higher mean AMSTAR-2 in registered than non-registered SRs (18.0 vs. 14.5, P = 0.000). Based on the AMSTAR-2 checklist, compliance rates of 8 items, including 3 critical ones (Item 2: Protocol, Item 9: Risk of bias, Item 13: Incorporate risk of bias), exhibited statistical significance between registered and non-registered SRs (P = 0.000, 0.048, 0.007, 0.005, 0.032, 0.002, 0.023, 0.015, in Item 2, 5, 6, 9, 10, 12, 13, 14, respectively). In the items describing publication bias and reporting funding sources of included studies, both registered and non-registered SRs had a low frequency (<40%) of “Yes” (Supplementary Table 4).


[image: Figure 3]
FIGURE 3. Quality of registered and non-registered systematic reviews included in the study. (A) Methodological quality of registered and non-registered systematic reviews. (B) Reporting quality between registered and non-registered systematic reviews. A, Assessment of Multiple Systematic Review 2; P, Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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FIGURE 4. Comparison of quality between registered and non-registered reviews. (A) Comparison of methodological quality between registered and non-registered reviews. (B) Comparison of reporting quality between registered and non-registered reviews. A, Assessment of Multiple Systematic Review 2; P, Preferred Reporting Items for Systematic Reviews and Meta-analyses; RoB, risk of bias; COI, conflicts of interest.




Reporting Quality of Included Systematic Reviews

A summary of the reporting quality between registered and non-registered SRs is shown in Figures 3B, 4B. Results revealed a higher (20.4 ± 3.1) mean score of registered relative to non-registered (17.6, P = 0.000) SRs. Among the 5 items in PRISMA statement, we found significantly higher compliance rates in registered relative to non-registered SRs (Supplementary Table 5).



Variables Associated With AMSTAR-2 Score and PRISMA Score

Univariate linear regression analyses showed that higher AMSTAR-2 scores were associated with registration status, country of the first author, and statistical results. However, only registration status and country of the first author were associated with AMSTAR-2 score based on multivariate regression analyses (Table 2). Similarly, PRISMA scores were related to registration status, country of the first author, and statistical results using both univariate and multivariate linear regression analyses (Table 2). Similar results were obtained after excluding items related to registration in sensitivity analyses (Supplementary Table 6).


Table 2. Results of linear regression analyses for variables associated with AMSTAR-2 scores and PRISMA scores.
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DISCUSSION

This is the first meta-epidemiological study investigating the quality of SRs for RCTs in T2DM as well as its association with the status of protocol registration. Our results indicated that methodological and reporting quality of SRs in T2DM improved over the last few years, with registered rates also increasing since 2013. Registered SRs exhibited better quality in study conduct and reporting relative to non-registered ones. However, both registered and non-registered SRs need to improve discussing publication bias as well as reporting funding sources.

Our results showed that the number of SRs describing T2DM raised from 20 in 2005 to 220 in 2018, with a 10-fold increase. Diabetes mellitus is thought to be associated with decreasing quality of life and increasing disability rates (14). Therefore, with the increasing incidence of T2DM (1), clinicians have paid more attention to the prognosis. In addition, more new antidiabetic drugs have been introduced over the past decades. In order to evaluate the effect and safety of those treatments, a large number of clinical trials have been conducted over the world, which may promote the increase of SRs in the field of T2DM (15–17). In the study, we also found that the quality of included SRs improved steadily over the recent years. This may be related to the establishment of PROSPERO and the development of the PRISMA statement. A prior registration can avoid overlapped reviews and help to make better clinical decisions (18). In addition, PRISMA statement can standardize many systematic reviews because more and more authors are required to provide PRISMA checklist during the submission process of SRs.

After the development of PROSPERO, registered rates of SRs for T2DM increased. However, only 25.0% of the SRs published in 2018 were registered in PROSPERO, consistent with previous studies. For example, <5.0% SRs had protocol registrations between 2010 and 2011 (19), and 8.5% dose-response mate-analyses completed registration between 2011 and 2015 (18). In the field of dentistry, Sideri et al. (20) reported that 20.3% of orthodontic non-Cochrane SRs were registered between 2012 and 2016, and Dos Santos et al. (21) found that 32.7% SRs reported protocol registrations in 2017. Among the SRs published in high-impact factor journals, 21.0% protocols were registered, with registered rates increasing from 5.6% in 2009 to 27.0% in 2015 (22). In the recent study, only 10.1% authors who conduct SRs completed all of their protocol registrations, while half of them never registered (23). These results confirm a universal pattern of low registered rates of SRs. It's reported that this phenomenon may be due to a lack of understanding of the importance of registration and the fear of idea being stolen (23). Therefore, more efforts are needed to promote protocol registration in the future.

In our study, there were no differences in the general characteristics between registered and non-registered SRs, except for the publication year. However, we found that most of the included studies had positive statistical results. Publication bias among clinical trials has been investigated in many researches (24–26), but there are few studies for non-Cochrane systematic reviews. In previous study, Moher et al. (2) found that publication bias might also exit among non-Cochrane SRs. Favorable significant findings were reported in 50.0% of non-Cochrane reviews and 14.4% of Cochrane reviews, respectively. In another research, 65.0% of authors who conducted SRs regarded statistically significant results as an important facilitator for publication, although statistical significance was not thought to be a main reason for not publishing SRs (27). More studies are needed to evaluate whether there is a publication bias among SRs based on statistical result.

A comparison between registered and non-registered SRs indicated, several aspects that need improvement. Firstly, reporting of study selection and data collection in non-registered SRs requires more details. Consequently, reviewers are required to complete the process in duplicate and contact authors of the included studies for more information (28). This may reduce the possibility of missing relevant studies and aid in avoiding bias and mistakes (29, 30). Secondly, despite data limitation, pre-specified additional analyses, such as sensitivity analysis, subgroup analysis or meta-regression still need to be conducted. These analyses can help in evaluating the robustness of results (28). Thirdly, authors need to assess, present and discuss risk of bias, including confounding, and sample selection bias, as well as bias when measuring exposures and outcomes, and selective reporting of outcomes and analyses for each included study (31). This will enable readers to realize the methodological shortcomings of relevant studies (28). Fourthly, non-registered review authors are encouraged to explain heterogeneity in their results. This is because study designs, analysis methods, population and interventions are considered important sources of heterogeneity (10), with proportion of statistical heterogeneity reported to affect decision making by clinicians (32). In addition, since the quality of non-registered SRs can be improved through connecting main findings to key groups, such as healthcare providers, users and policy makers (13), authors are encouraged to mention applicability of their findings to different groups and develop a standard way to evaluate applicability (33).

To date, registered and non-registered SRs have not adequately discussed publication bias and poorly reported funding sources for included studies. Adequate discussion of publication bias is important, as trials with positive results are more likely to be published (34). Despite a good understanding of this issue by a majority of authors, most of them do not adequately address it during research. For example, a previous study indicated that protocol registration may not prevent outcome publication bias (22). Researchers in the field of SRs should evaluate publication bias through deeper literature searches (10). SRs reporting T2DM have the lowest compliance rate in items reporting funding sources. Previous reports indicated that commercially-sponsored studies are unlikely to be published, since the resulting findings favor sponsors compared to those supported by other funding organizations (35–37). Therefore, it is important for reviewers to report funding sources of included studies.

There were some methodological biases in this study. Firstly, we only searched PubMed database to identify potential eligible SRs in T2DM. Although PubMed is the largest database of SRs currently available and it's most often used by clinicians worldwide, it doesn't completely cover published studies in the field of T2DM. It's undeniable that some SRs were only published in other electronic databases, which leads to a publication bias. Secondly, due to the limited time and resources, we randomly selected 20% of SRs in each year to assess the quality, instead of analyzing all eligible SRs retrieved from PubMed database. To our knowledge, the sample size used herein is the largest for evaluating the association between quality and registration status of non-Cochrane SRs. However, a possible selection bias cannot be ignored, which may result in the quality of SRs being overestimated or underestimated in our study. Researchers are encouraged to search more electronic databases and evaluate all eligible SRs to avoid methodological bias in future meta-epidemiological study.

In addition, the current study had other limitations. Firstly, we only included SRs published in English. It is possible that a different trend may be found using studies published in other languages. Secondly, derived the registration status of included SRs mainly based on related statements from published papers, which may lead to bias. For example, if registration status was not reported, we regarded the SR as non-registered. Thirdly, the assessment of methodological quality was dependent on author description, despite the fact that the actual process may be inconsistent with their description.

In conclusion, although methodological and reporting quality of SRs for RCTs in type 2 diabetes mellitus improved over the recent years, the overall quality remains low. Registered rates increased, and registered SRs exhibited better quality in study conduct and reporting compared to non-registered ones. Based on these findings, prospective registration, description of publication bias and reporting of funding sources are possible ways for improving the quality of systematic reviews. Future studies are expected to investigate more factors associated with methodological and reporting quality of SRs.
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