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Methods for Updating the NACB Diabetes Mellitus Laboratory Medicine Practice Guidelines 
The National Academy of Clinical Biochemistry (NACB) has developed evidence-based 

guidelines on topics related to the practice of laboratory medicine. These guidelines are updated 
approximately every 5 years and are available on the NACB Web site 
(http://www.aacc.org/members/nacb). The NACB issued its “Guidelines and Recommendations for 
Laboratory Analysis in the Diagnosis and Management of Diabetes Mellitus” in 2002 (1). These 
recommendations were reviewed and updated via an evidence-based approach, especially in areas in 
which new evidence has emerged since the 2002 publication. The process of updating guideline 
recommendations followed the standard operating procedures for preparing, publishing, and editing 
NACB laboratory medicine practice guidelines. The key steps are summarized in Fig. 1 in the online 
Data Supplement, available at http://www.clinchem.org/content/vol57/issue6, and are explained below. 
The guideline-updating process was designed to fulfill the methodological quality criteria of the 
Appraisal of Guidelines for Research and Evaluation (AGREE) II Instrument (2). 

STEP 1: Determine the Scope and Key Topics of the Guideline 

The scope and purpose of this guideline is primarily to focus on the laboratory aspects of testing 
in the contexts of type 1 and type 2 diabetes mellitus (DM). It does not deal with any issues related to 
the clinical management of DM that are already covered in the American Diabetes Association (ADA) 
or WHO guidelines. In January of each year, the ADA publishes in Diabetes Care a supplement entitled 
“Clinical Practice Recommendations.” This supplement, a compilation of all ADA position statements 
related to clinical practice, is an important resource for healthcare professionals who care for people 
with DM. The intention of the NACB guideline is to supplement the ADA guidelines and to avoid 
duplication or repetition of information. Therefore, it focuses on practical aspects of care to assist in 
making decisions related to the use or interpretation of laboratory tests during screening, diagnosing, or 
monitoring of patients with DM. 

STEP 2: Determine the Target Group of the Guideline and Establish a Multidisciplinary 
Guideline Team 

The primary target of these recommendations includes general practitioners, physicians, nurses, 
and other healthcare practitioners directly involved in the care of diabetic patients, as well as laboratory 
professionals. The guidelines can be used by patients where relevant (e.g., self-monitoring of blood 
glucose), policy makers, and payers for healthcare, as well as by researchers. In addition, the guidelines 
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may advise industry/manufacturers on how to use or develop assays for the laboratory management of 
DM. 

The guideline committee included representatives of key stakeholders to whom the 
recommendations are meant to apply primarily. Experts of the guideline team are listed in the guideline 
(3) and represented the NACB (D.B. Sacks, D.E. Bruns) and the ADA (M.S. Kirkman). The guideline 
committee included clinical experts (G.L. Bakris, A. Lernmark, B.E. Metzger, D.M. Nathan) and 
laboratory experts (D.B. Sacks, D.E. Bruns, M. Arnold, A.R. Horvath) whose key area of research and 
practice is DM. Some members of the committee provided additional support in evidence-based 
guideline-development methodology (D.E. Bruns, A.R. Horvath, D.B. Sacks). Members of the guideline 
committee were mostly from the US. The perspectives and views of various international and national 
organizations representing the wider laboratory and clinical professions and practice settings, as well as 
other potential stakeholders (including other healthcare providers, patients, policy makers, regulatory 
bodies, health insurance companies, researchers, and industry) were taken into account during the 
public-consultation process (see steps 8 and 10; see Supplementary Table 1). 

The guideline committee received no sponsorship, honoraria, or other direct funding related to 
the development of this guideline. The NACB supported the development process by providing funds to 
cover the expenses of meetings and consensus conferences and provided administrative support. The 
views of the NACB officers and staff have not influenced the content of the guideline. 

All authors who contributed to the development of the recommendations of this guideline have 
declared (via the official disclosure form of the NACB) any financial, personal, or professional 
relationships that might constitute conflicts of interest with this guideline. These disclosures are part of 
the guideline document published on the NACB Web site. 

STEP 3: Identify Key Areas for Revisions and Define the Structure and Methodology of the 
Updated Guideline 

The chairman of the guideline committee (D.B. Sacks) acted as editor and assigned lead authors 
to each section. Authors reviewed the 2002 edition of the NACB DM guideline (1) and identified key 
areas for revisions and updating. The guideline team discussed the scope and methods of the updating 
process at a face-to-face meeting, which was followed by numerous teleconferences and e-mail 
exchanges among authors that were coordinated by the editor and the NACB. The guideline group 
decided that the structure of the guideline would remain the same as the 2002 document and that it 
would cover virtually all key analytes that are used primarily in the diagnosis and management of 
individuals with DM. As before, the testing of lipids and related cardiovascular risk factors is not 
covered in this update but is addressed in a separate NACB guideline (4). For each area of testing 
discussed, the guideline highlights the clinical use and rationale for the test or tests; the preanalytical, 
analytical, and interpretive aspects of each test; and, where relevant, emerging considerations for future 
research. 

STEP 4: Define and Prioritize Key Questions 

The lead authors used the review process outlined above to define specific key questions to enter 
on a standard form developed for this process. These questions were sent to all members of the guideline 
committee for independent review and prioritization, a process that used preset criteria related to the 
relationship between testing and outcomes (see Supplementary Table 2). Authors used the categories 
and explanatory notes provided (see Supplementary Table 2) to document the rationale for prioritization 
or individually provided their own reasoning. Authors assigned priority scores on a scale of 1 to 4 (most 
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important, important, moderately important, or least important, respectively). The independent replies 
collected from all authors were the basis for drafting a consensus priority list. Final key questions with 
priority scores and categories of reasoning are presented in the evidence tables (see Supplementary 
Table 3). 

STEP 5: Search the Literature Systematically for High-Priority Questions and Select 
Relevant Key Publications 

Key questions that earned the highest priority score were covered by a more systematic approach 
during the search and evaluation of the evidence currently available in the literature. Other topics that 
were considered less important were dealt with in a less rigorous way. Because this guideline is an 
update of the 2002 version, authors limited their searches to the period beginning in January 2002. 
Guidelines related to the topic were searched in the Agency for Healthcare Research and Quality 
National Guideline Clearinghouse database (http://www.guideline.gov/). Systematic reviews and 
metaanalyses were searched by using the Clinical Queries–Find Systematic Reviews function of 
PubMed. If no such publications were found, PubMed, Embase, and other databases were used to search 
the primary literature. Because the group of authors included leading experts in their fields, the authors’ 
personal files, communications with experts, and unpublished or ongoing-trial data were also made 
available to be used in the guideline-updating process. Additional literature citations were added during 
the comment periods (see below). 

Authors selected relevant key publications for updating each section, and the editor of the 
guideline (D.B. Sacks) and lead authors of other sections (D.E. Bruns, M.S. Kirkman, D.M. Nathan) 
acted as independent expert reviewers to avoid biased selection of papers. When the guideline team 
retrieved and agreed with existing guideline recommendations that had already covered the key question 
comprehensively and had reached concordant conclusions, the guideline team simply adopted and 
referenced the published recommendations in order to avoid duplicate publication. 

STEP 6: Subject Selected Key Publications to Critical Expert Review; Extract Data into 
Evidence Tables 

Critical review of selected key publications formed the basis for establishing the level and 
quality of the evidence underlying each recommendation (see STEP 7 for details). Section authors and a 
methodology expert (A.R. Horvath) extracted data into evidence tables (see Supplementary Table 3). 
These tables list all key questions together with their priority scores (STEP 4). Related recommendations 
and their grades from the 2002 guideline were aligned with those of the new updated recommendations 
(see columns 1 and 2 in Supplementary Table 3). In the updated recommendation, authors highlighted 
changes to the original text in boldface and provided explanation for the changes where necessary 
(column 3). Key references supporting the new recommendation were listed (column 4). 

STEP 7: Define the Quality of Evidence Underlying Each Recommendation 

To our knowledge, no uniformly accepted grading scheme exists for rating the quality of 
evidence and the strength recommendations when questions related to laboratory testing for the 
screening, diagnosis, prognosis, and monitoring of a condition are addressed (5). The guideline group 
agreed that the grading scheme of the ADA, which was used in the 2002 version of this guideline (1), is 
applicable predominantly to therapeutic recommendations and that its use in this diagnostic guideline 
was thus impracticable. Therefore, we developed a grading system by adapting the key elements of 
evidence-rating frameworks employed by various international guideline agencies, the US Preventive 
Services Task Force, and the Grading of Recommendations Assessment, Development and Evaluation 
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(GRADE) Working Group (6–12). In this system, the overall quality of the body of evidence (STEP 7) 
and the strength of recommendations (STEP 9) are graded separately. Rating the quality of the body of 
evidence is based on (a) the level of evidence of individual studies defined by their study design and 
methodological quality; (b) the consistency of results across various studies; (c) the directness of 
comparisons; and (d) the precision-of-effect estimates. Supplementary Table 4 provides a detailed 
explanation of evidence-level categories and these elements of the rating scheme for the quality of 
evidence. 

Members of the guideline committee received detailed explanations and guidance, as well as 
methodological support, on how to use the grading scheme. At this stage of the guideline-development 
process, section authors indicated the study design (see column 5 in Supplementary Table 3) and the 
level of evidence (column 6) of all individual studies listed in the evidence tables. The quality of the 
totality of the evidence underlying each recommendation was established by means of the criteria 
mentioned above (column 7). 

STEP 8: Release the First Draft of the Guideline for Public Comments 

The first draft of the guideline was released on the NACB Web site for soliciting of public 
review and feedback. The still nongraded draft recommendations were sent to a number of external 
organizations (see Supplementary Table 1) for peer review and expert comments that could be submitted 
either via the NACB Web site or by mail. The draft guideline was also presented at the Arnold O. 
Beckman consensus conference in 2007, and the discussions at this conference were recorded. 

STEP 9: Incorporate Comments, Grade Recommendations, and Prepare the Second Draft 
of the Guideline 

The guideline team reviewed and discussed the comments that were received and made many 
changes to the first draft to reflect the views of external peers, organizations, or individuals. The 
amended draft of the guideline was also presented at the 2009 AACC annual meeting and used for 
grading recommendations. 

The grade or strength of recommendation refers to the extent of collective confidence that the 
desirable effects of a recommendation outweigh the potential undesirable effects. Desirable effects of a 
recommendation may include improved health-related, organizational, or economic outcomes or aspects 
of care. The quality of evidence (STEP 7, Supplementary Table 4) is only one element in making 
recommendations for practice. Scientific evidence was supplemented with considered judgment that 
balanced the potential clinical benefits and harms with perceived patients’ preferences, bioethical 
considerations, and organizational and economic impacts of testing (5, 6, 9–12). Considered judgment 
therefore may have upgraded or downgraded a recommendation. Categories for grading 
recommendations are shown in Supplementary Table 5. 

During the considered-judgment process, the guideline committee was primarily driven by 2 core 
bioethical values—beneficence and nonmalevolence. The guideline group also observed the first 
principle of bioethics, i.e., respect for patients’ autonomy and the decision-making capacities of 
individuals to make their own choices. The guideline group assumes that the target users will also deal 
with this core bioethical principle when using these guidelines in practice (13). The guideline committee 
acknowledges that it was not able to cover universally other bioethical principles, such as justice and 
equity. As mentioned above, the members of the guideline team, as well as individuals who commented 
on the recommendations, were mostly from North America and other developed countries. Their views 
and experiences therefore unavoidably affected the considered-judgment and consensus processes 
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involved in formulating recommendations. The guideline team also could not consider explicitly the cost 
implications of the recommendations in various resource settings, although recommendations were 
formulated in a generic way and in a cost-conscious manner. 

Recommendations in diagnostic guidelines frequently are supported primarily by expert 
consensus. This reflects the often poor quality of evidence, or the lack or indirectness of evidence that 
the intervention is relevant to patient outcomes. To avoid the influence of dominant personalities and 
overrepresentation of the individual opinions or views of experts, the guideline team reached consensus 
when the evidence base was inconsistent, weak, or lacking. The matrix in Supplementary Table 6 
assisted in the assignment of final grades to recommendations. The methodology expert pregraded 
recommendations by using the information in columns 5, 6, and 7 of the evidence tables provided by 
committee members (see Supplementary Table 3). Authors reviewed these grades and returned the 
amended evidence tables to the methodology expert for completion. Committee members added 
comments or explanatory notes when necessary (column 8) to enhance the transparency and 
reproducibility of the considered-judgment and consensus process of grading and to address the 
adaptability and applicability of the final recommendations. All sections were reviewed by the ADA 
representative (M.S. Kirkman), a clinical expert (D.M. Nathan), and a methodology expert (A.R. 
Horvath) and were edited by the chairman of the guideline committee (D.B. Sacks). 

STEP 10: Release the Second Draft of the Guideline for Public Comments and Submit the 
Final Draft to the NACB for Review and Approval 

The second draft of the guideline with graded recommendations was posted on the NACB Web 
site for a last call for public comments. The guideline recommendations were also reviewed by the 
Professional Practice Committee of the ADA. Several comments were received and incorporated, and 
the final guideline draft was submitted for review by the joint Evidence-Based Laboratory Medicine 
Committee of the AACC and the NACB. After addressing the reviewers’ comments, the guideline 
committee referred the guideline to the NACB Board of Directors, which approved it before its official 
release for publication. 

Implementation and Review 

To assist implementation, the guideline committee has listed the key recommendations of the 
guideline in an executive summary. Key diagnostic and risk-assessment criteria are presented in tables, 
and a diagnostic algorithm is provided for urinary albumin testing. Most recommendations are worded 
to represent standards of care and thus can be easily converted to key performance indicators for local 
audit purposes. 

Although recommendations have been developed for national and international use and are 
intended to be generic, certain elements of this guideline will not reflect views that are universally held, 
and other elements may have limited applicability in healthcare settings that lack sufficient resources for 
adopting the recommendations. The guideline committee advises users to adapt recommendations to 
their local settings. During such adaptation processes, the evidence tables provided (see Supplementary 
Table 3) might assist users in making informed decisions. 

The next review of this guideline is planned in 5 years, unless substantial new evidence emerges 
earlier for high-priority areas in the laboratory management of patients with DM. 
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Supplementary Table 1. Organizations and individuals participating in the public commenting of 
the NACB Diabetes Mellitus Guidelines 
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Supplementary Table 2: Criteria for prioritization of key questions 

Prioritization criteria Explanatory notes Examples 

A1: The test or its characteristics 
(e.g. its diagnostic or target value 
or range) are directly or 
indirectly linked to important 
clinical outcomes  
The test is a surrogate (indirect) 
measure of important clinical 
outcomes 

– Glucose cut-off values for 
diagnosing DM, IFG or IGT 

– The impact of maternal 
glycemia on pregnancy 
outcomes (direct link to 
outcome); OGTT diagnostic 
criteria to detect GDM 
(indirect link to outcome) 

– HbA1c is a surrogate measure 
of morbidity and mortality 

A2: The test and its result have a 
major impact on clinical 
management decisions  

– Diagnostic criteria for DM to 
guide initiation of treatment 

– HbA1c values in guiding 
decision on changing 
treatment 

– Albuminuria results guiding 
decisions on initiating therapy 
with ACE-inhibitors 

A3: There is current controversy 
on the use of the test in practice  

– OGTT vs FPG for the 
diagnosis of DM 

– Diagnostic criteria for GDM 

A4: There is wide variation in 
practice with unfavorable 
outcomes (e.g. misdiagnosis of 
the condition) 

– Differing criteria for 
diagnosing DM or GDM 

– Variations in the use of 
random or timed specimens 
and albumin concentration or 
albumin excretion rate vs ACR 
for diagnosing albuminuria 

A: The test has high 
impact on clinical 
outcomes (e.g. 
morbidity, mortality, 
prognosis) 

A5: New and substantial 
evidence has emerged since the 
publication of the 2002 NACB 
guideline 

– SMBG in type 2 DM 
– HAPO study in GDM 

B: The test has high 
impact on 

B1: High volume testing with 
uncertain impact 

 SMBG in type 2 DM 
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organizational 
outcomes 

B2: There is public/commercial/ 
professional/governmental 
pressure on testing 

– Use of portable meters in 
groceries, by patients, etc. 

– Changing the expression of 
HbA1c values due to 
standardization 

C1: Testing is associated with 
high costs 

SMBG C: The test has high 
impact on economic 
outcomes C2: New and substantial 

evidence has emerged on the 
cost-effectiveness of the test 
since the publication of the 2002 
NACB guideline 

 

Abbreviations: ACE: Angiotensin Converting Enzyme; ACR: Albumin Creatainine Ratio; DM: Diabetes 
Mellitus; FPG: Fasting Plasma Glucose; GDM: Gestational Diabetes Mellitus; HAPO: Hyperglycemia 
and Adverse Pregnancy Outcome; IFG: Impaired Fasting Glucose; IGT: Impaired Glucose Tolerance; 
NACB: National Academy of Clinical Biochemistry; OGTT: Oral Glucose Tolerance Test; SMBG: 
Self-Monitoring of Blood Glucose 
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Supplementary Table 4. Grading the quality of evidence. 

THE QUALITY OF THE BODY OF EVIDENCE IS BASED ON: 

Level of evidence: This refers to the detailed study methods and the quality of their execution, i.e., 
the methodological quality of individual studies. The level of evidence can be: 

− High: if the study has an appropriate design for the question being asked and if it is well 
conducted in representative populations and is free from design-related biases. 

− Moderate: if the study has an appropriate design for the question being asked but suffers 
from some design-related biases that might influence the conclusions to a certain extent but 

would not affect patient-important outcomes or conclusions significantly. 

− Low: if the study is wrongly designed and conducted and there is a high likelihood that its 
conclusions are grossly biased and misleading. 

Consistency of results across various studies: i.e., when results are heterogeneous across studies, 
inconsistency of results lowers the strength of evidence. 

Directness of comparisons: Indirectness applies and lowers quality when, for example: 

- Evidence is indirectly related to the actual question; 

- The study population differs from that to which the study results would be applied in 
practice; 

- The test in the study differs (e.g., in its analytical performance, or a new generation 
of the same test has emerged) from the one commonly used or recommended in practice; 

- The outcome of interest for the guideline differs from the one studied in the trial. 

Precision-of-effect estimates: If the study is relatively small and includes few patients or events, 
the confidence interval around the effect estimate is relatively large, and imprecision of results leads 

to downgrading the quality of evidence. 

RATING SCALE FOR THE OVERALL QUALITY OF THE BODY OF EVIDENCE: 

High: Further research is very unlikely to change our confidence in the estimate of effect. The body 
of evidence comes from high-level individual studies that are sufficiently powered and provide 

precise, consistent, and directly applicable results in a relevant population. 

Moderate: Further research is likely to have an important impact on our confidence in the estimate 
of effect and may change the estimate and the recommendation. The body of evidence comes from 
high-/moderate-level individual studies that are sufficient to determine effects, but the strength of 

the evidence is limited by the number, quality, or consistency of the included studies; by the 
generalizability of results to routine practice; or indirect nature of the evidence. 
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Low: Further research is very likely to have an important impact on our confidence in the estimate 
of effect and is likely to change the estimate and the recommendation. The body of evidence is of 

low level and comes from studies with serious design flaws or with evidence that is indirect. 

Very low: Any estimate of effect is very uncertain. Recommendation may change when higher-
quality evidence becomes available. Evidence is insufficient to assess the effects on health 

outcomes because of limited number or power of studies, important flaws in their design or conduct, 
gaps in the chain of evidence, or lack of information. 
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Supplementary Table 5. Grading the strength of recommendations. 

A. THE NACB STRONGLY RECOMMENDS ADOPTION  

Strong recommendations for adoption are made when: 

• There is high-quality evidence and strong or very strong agreement of experts that the 
intervention improves important health outcomes and that benefits substantially outweigh 
harms; or 

• There is moderate-quality evidence and strong or very strong agreement of experts that the 
intervention improves important health outcomes and that benefits substantially outweigh 
harms. 

Strong recommendations against adoption are made when: 

• There is high-quality evidence and strong or very strong agreement of experts that the 
intervention is ineffective or that benefits are closely balanced with harms, or that harms clearly 
outweigh benefits; or 

• There is moderate-quality evidence and strong or very strong agreement of experts that the 
intervention is ineffective or that benefits are closely balanced with harms, or that harms 
outweigh benefits. 

B. THE NACB RECOMMENDS ADOPTION 

Recommendations for adoption are made when: 

• There is moderate-quality evidence and level of agreement of experts that the intervention 
improves important health outcomes and that benefits outweigh harms; or 

• There is low-quality evidence but strong or very strong agreement and high level of confidence 
of experts that the intervention improves important health outcomes and that benefits outweigh 
harms; or 

• There is very low–quality evidence but very strong agreement and very high level of confidence 
of experts that the intervention improves important health outcomes and that benefits outweigh 
harms. 

Recommendations against adoption are made when: 

• There is moderate-quality evidence and level of agreement of experts that the intervention is 
ineffective or that benefits are closely balanced with harms, or that harms outweigh benefits; or 

• There is low-quality evidence but strong or very strong agreement and high level of confidence 
of experts that the intervention is ineffective or that benefits are closely balanced with harms, or 
that harms outweigh benefits; or 

• There is very low–quality evidence but very strong agreement and very high level of confidence 
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of experts that the intervention is ineffective or that benefits are closely balanced with harms, or 
that harms outweigh benefits. 

C. THE NACB CONCLUDES THAT THERE IS INSUFFICIENT INFORMATION TO 
MAKE A RECOMMENDATION 

Grade C is applied in the following circumstances: 

• Evidence is lacking, scarce, or of very low quality, the balance of benefits and harms cannot be 
determined, and there is no or very low level of agreement of experts for or against adoption of 
the recommendation. 

• At any level of evidence—particularly if the evidence is heterogeneous or inconsistent, indirect, 
or inconclusive—if there is no agreement of experts for or against adoption of the 
recommendation. 

GPP. THE NACB RECOMMENDS IT AS GOOD PRACTICE POINT 

Good practice points (GPPs) are recommendations mostly driven by expert consensus and 
professional agreement and are based on the information listed below and/or professional 
experience, or widely accepted standards of best practice. This category applies predominantly to 
technical (e.g., preanalytical, analytical, postanalytical), organizational, economic, or quality-
management aspects of laboratory practice. In these cases, evidence often comes from observational 
studies, audit reports, case series or case studies, nonsystematic reviews, guidance or technical 
documents, non–evidence-based guidelines, personal opinions, expert consensus, or position 
statements. Recommendations are often based on empirical data, usual practice, quality 
requirements, and standards set by professional or legislative authorities or accreditation bodies, etc. 
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Supplementary Table 6. Matrix for the assignment of grades to guideline recommendations. 

Strength of 
recommendation 

(Supplementary Table 5) 

Quality of evidence 
(Supplementary 

Table 4) 

Agreement of experts 

High A: Strongly recommended 

Moderate 

Strong–very strong 

Moderate Moderate 

Low Strong–very strong 

B: Recommended 

Very low Very strong 

Very low C: Insufficient information to 
make recommendation 

Low, moderate, high 

No agreement or very weak 

GPP: Good practice point Expert consensus on best practice 
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Supplementary Figure 1: Process of updating the NACB Diabetes Mellitus guideline 

STEP 1: Determine the scope and key topics of the guideline 

STEP 2: Determine the target group of the guideline and establish a multidisciplinary 
guideline team 

STEP 3: Identify key areas for revisions and define the structure and methodology of the 
updated guideline 

STEP 4: Define and prioritize key questions  

STEP 5: Search the literature systematically for high priority questions and select relevant 
key publications 

STEP 6: Subject selected key publications to critical expert review Extract data into evidence 
tables  

STEP 7: Define the quality of evidence underlying each recommendation 

STEP 8: Release the first draft of the guideline for public comments 

STEP 9: Incorporate comments, grade recommendations and prepare the second draft of the 
guideline. 

STEP 10: Release the second draft of the guideline for public comments and submit the final 
draft to NACB for review and approval 
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