Chapter 2.  Methodology

This chapter describes methods used to obtain expert input and peer review, identify key questions, conduct literature searches, select and abstract relevant studies, and analyze data.

Expert Input


We owe a major debt of gratitude to the following groups of multidisciplinary experts from around the world who assisted in preparing this report:  10 national advisory panel members and 5 technical experts who helped define the scope and shape the content, 20 peer reviewers representing a variety of backgrounds and viewpoints, 4 scientific authors who provided additional data from their studies, and 15 staff members of the San Antonio Evidence-based Practice Center and the San Antonio Veterans Evidence-based Research, Dissemination, and Implementation Center, a Veterans Affairs Health Service Research and Development Center of Excellence.  Their names are listed in Appendix B.  Acknowledgments.

Questions Addressed in Evidence Report

Using a modified Delphi process, the national advisory panel identified several important specific questions about garlic that the evidence report should address.  These questions and the types of studies that were deemed appropriate to answer them (selection criteria) are given in Table 3.

Table 3.  Questions and selection criteria grouped by search strategies

Questions about cardiovascular risk factors and disease
Selection criteria

1. In adults or children with or without dyslipidemia, does oral ingestion of garlic (fresh, cooked, or supplements) compared with no garlic, other oral supplements, or drugs lower plasma lipid levels?

2. In adults or children with or without hypertension, does oral ingestion of garlic compared with no garlic, other oral supplements, or drugs lower blood pressure? 

3. In adults or children with or without diabetes, does oral ingestion of garlic compared with no garlic, other oral supplements, or drugs increase insulin sensitivity?

4. In adults or children with or without diabetes, does oral ingestion of garlic compared with no garlic, other oral supplements, or drugs lower plasma glucose levels or glycosylated hemoglobin?

5. In adults or children, does oral ingestion of garlic compared with no garlic, other oral supplements, or drugs increase antithrombotic activity?
Study type:  Randomized controlled trials or systematic reviews of randomized controlled trials greater than 4 weeks duration.

Participants:  Humans.

Intervention group:  Fresh, cooked, or supplement of garlic.

Control group:  Placebo, usual care, or other active agent.

Outcomes (physiological): Lipids, blood pressure, insulin sensitivity, glucose or glycosylated hemoglobin, or antithrombotic activity.



Table 3.  Questions and selection criteria grouped by search strategies (continued)

Questions about cancer
Selection Criteria

6.
In adults at average or high risk for cardiovascular disease, does oral ingestion of garlic compared with no garlic, other oral supplements, or drugs decrease cardiovascular morbidity or mortality?

7.
Do different preparations of garlic vary in effectiveness regarding any of the above outcomes?
Outcomes (clinical): Cardiovascular morbidity or mortality such as stroke, myocardial infarction, angina incidence, or severity; peripheral vascular disease; or numbers of cardiac procedures.

Questions about cancer
Selection Criteria

1. In adults without cancer risk factors, precancerous conditions, or malignancy, does oral ingestion of garlic compared with no garlic, placebo, or other oral supplements reduce the risk of developing cancer?

2. In adults with cancer risk factors but no precancerous conditions or malignancy, does oral ingestion of garlic compared with no garlic, placebo, or other oral supplements reduce the risk of developing cancer?

3. In adults, does oral ingestion of garlic compared with no garlic, placebo, or other oral supplements reduce the risk of developing precancerous lesions?

4. In adults with cancer, does oral ingestion of garlic compared with no garlic, placebo, or other oral supplements reduce morbidity or mortality of cancer?

5. Is garlic more effective against some types of risk factors, precancerous conditions, or cancer than others? 
Study type:  Cohort or case-control studies with greater than 50 participants (also randomized controlled trials eligible for Question No. 4).

Participants:  Humans.

Case group:  Participants with cancer or precancerous lesions.

Control group:  Participants without cancer. 

Exposure:  Fresh or prepared garlic in diet or as supplement. 

Outcomes (clinical): Precancerous lesions, cancer, morbidity, and mortality.

Questions about adverse effects
Selection criteria

1. What are the symptomatic and serious adverse effects of various garlic preparations, and what is their frequency? 

2. Are there interactions between garlic and commonly used medications for dyslipidemia, diabetes, or thrombogenic disease (e.g., statins, sulfonylureas, or antithrombotic agents)?
Study type:  Case reports, case series, cohort, or surveillance studies or randomized controlled trials.

Participants:  Humans exposed to garlic.

Control group:  Not required.

Outcomes:  Any reported adverse effect.

Literature Search and Selection Methods

Sources and Search Methods

English and non-English citations were identified through February 2000 from 11 electronic databases (Table 4); references of pertinent articles and reviews; manufacturers; and technical experts.  An update search that was limited to PubMed was conducted in February 2000.  Database searching used maximally sensitive strategies that identified all papers on garlic and on herbal treatments for cardiovascular disease or cancer.  The International Bibliographic Information on Dietary Supplements (IBIDS) database was not searched because it did not contain information on botanicals. 

  Table 4.  Electronic sources searched

Electronic database
Description

AMED (Alternative and Allied Medicine Database)

Searched from 1985 to October 1998
This database contains 100,000 references from 400 journals on alternative and complementary medicine going back to 1985.

CINAHL (Cumulative Index to Nursing and Allied Health Literature)

Searched from 1984 to July 1999
This database includes citations from more than 500 biomedical and popular sources, including National League of Nursing and American Nurses Association publications, covers publications from 1982 to the present, and is considered the premier nursing database.

CISCOM (Centralised Information Service for Complementary Medicine)

Searched 1968 to July 1999
This database contains more than 34,000 references and combines data from MEDLINE, AMED, and other specialist European databases.

Cochrane Library (http://www.cochrane.org)

DARE (Database of Reviews of Effectiveness) (http://www.york.ac.uk/inst/crd/ )

The Cochrane Controlled Trials Registry

Searched Issue 2, 1999
These databases contain references of randomized controlled trials and systematic reviews identified from electronic bibliographic sources and hand-searching of multiple journals and symposia or meeting proceedings.

Dissertation Abstracts

Searched from 1961 to Dec 1998
This library indexes doctoral dissertations and masters’ abstracts from more than 1,000 institutions.

EMBASE

Searched from 1988 to July 1999
This database contains biomedical and pharmaceutical citations and is considered the premier biomedical database in Europe.

MEDLINE (PubMed)

Searched from 1966 to July 1999

PubMed searched July 1999 to February 2000
These databases (MEDLINE and PubMed) index almost 4,000 international biomedical journals from 1966 to the present, include references from Index Medicus, International Nursing Index, and Index to Dental Literature, and are considered the premiere biomedical databases in the United States.

MICROMEDEX contains:

DRUGDEX Product Index (drug ingredients)

POISONDEX/IDENTIDEX (toxicology)

DRUG-REAX (interactive drug interactions)

Searched July 1999
This database provides a major source for drug, poison, and acute care information.

NAPRALERT (Natural Products Alert)

Searched 1650 to September 1999
This database contains records from 1650 to the present on natural products, including the pharmacology, biological activity, taxonomic distribution, ethnomedicine, and chemistry of plant, microbial, and animal extracts.

Table 4.  Electronic sources searched (continued)

Electronic database
Description

PHYTODOK (German database)

Searched 1995 to July 1999
This database contains 8,800 references from approximately 300 journals worldwide on toxicology, pharmacology, and therapeutic uses for natural compounds and on isolation of natural compounds from plant material.

Science Citation Index

Searched from January 1990 to March 1999
This index covers 4,400 scientific and 1,400 social science journals worldwide, together with selected coverage of related material.

Titles, abstracts, and keyword lists of the 11 electronic databases listed in Table 4 were searched using the following terms, which include Latin names for garlic and names of garlic extracts and constituents (“.tw.” indicates text word searches, “/” indicates keyword searches, and “$” indicates truncated words that facilitate searching all formations and suffixes of particular terms):

2-propenesulfenic acid.tw.
alliinase.tw.
dipropyl disul$ide.tw.

aglio.tw.
diallyl sulfide.tw.
dipropyl sul$ide.tw.

ajo.tw.
allium sativum.tw.
garlic extract/

ajoene.tw.
allyl mercaptan.tw.
garlic oil/

alisat.tw.
allyl mercaptan.tw.
garlic.tw.

allicin.tw.
diallyl disulphide.tw.
garlic/

kwai.tw.
diallyl sulfide.tw.
knoblauch$.

kyolic.tw.
diallyl sulphide.tw.
thiosulfinates.tw.

s-allyl cysteine.tw.
s-allylcysteine.tw.
vinyl-dithiin$.tw.

s-allyl$cysteine.tw.
thioallyl derivative$.tw.
vinyl$dithiin$.tw.



vinyldithiin$.tw.

Selection Processes

At least two independent reviewers scanned the titles and abstracts of all records identified from the search, using selection criteria given in Table 3.  Selection criteria that were specified for each formulated question included the types of participants, interventions, control groups, outcomes, and study designs that were deemed appropriate.  Cardiovascular-related trials were arbitrarily limited to those that were at least 4 weeks in duration, because the national advisory panel thought that several weeks of garlic administration might be necessary to demonstrate effects on factors such as glucose, blood pressure, and lipids.  Figure 2 schematically presents the selection process.  Of 1,798 records, reviewers excluded 1,480 with certainty when screening titles and abstracts.  Most of these were in vitro studies, involved animals, or did not meet design inclusion criteria.  When screening the full text of the remaining 317 records, 178 were excluded.  Of the 139 records meeting selection criteria, 49 were records of 45 randomized trials (some trials were reported in multiple publications or records), 17 were records of 13 cancer survey, case-control, or cohort studies, and 73 were reports of adverse effects or results of skin patch tests with garlic.  Of note, of the 45 randomized trials meeting eligibility requirements, 34 were cited in MEDLINE, 2 additional trials were identified from EMBASE only, 1 was identified from PHYTODOK, and 8 were identified either by experts or from scanning symposium proceedings.

Figure 2.  Flow diagram of selection process
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Data Abstraction Process

Two independent physicians abstracted data from trials that were identified in the efficacy searches.  They were not blinded either to study title or to author names.  Items that were related to the quality of assessed studies included adequacy of randomization (method and concealment of assignment); whether the trial was single or double blind; whether the intervention and control groups were adequately matched to maintain blinding; cointerventions such as diet, exercise, and cardiovascular medications; and the number of dropouts.  Disagreements in abstractions were uncommon (less than 1 percent of items) and were resolved by consensus.  No formal reliability testing was done.  All abstracted outcome data were verified by a third person with expertise in quantitative data.  Abstractions were filed electronically to enable easy updating.

One physician abstracted data about adverse effects.  Items that were abstracted included study design (case report, case series, case control, cohort, and controlled trial) and type of specific adverse effect.  Several explicit criteria that were aimed at assessing drug adverse effect causality were assessed, such as appropriate temporal relationship, lack of apparent alternative causes, known toxic concentrations of the drug at the time of the appearance of the symptom, disappearance of the symptom with drug discontinuation, dose-response relationship, and reappearance of the symptom if the drug was readministered. 

Unpublished Data

We found two randomized trials that were only published in abstract form. QUOTE "46" 
46
,QUOTE "" 

 QUOTE "64"  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\0264\01\01\00\02\00\00\01\00\00\00\12\00x˜P\03x\08P\03x\03\00\00\00˜P\03x\08P\03x\03\00\00\00qð–\00È\0D\00\00\1FC:\5CPROCITE4\5CDatabase\5CGARLIC.pdt\05#3889\00\05\00 
64
  We obtained the full report of one of these trials. QUOTE "64" 
64
  The one for which we could not obtain a full report is not included in this review. QUOTE "65" 
65
  It was a crossover trial with 16 participants that compared standardized dehydrated garlic (Kwai®) with placebo. QUOTE "46" 
46
  No data prior to the crossover were given in the abstract.  Several published studies met selection criteria but did not report critical design features or outcome data.  Authors were contacted and requested to provide information regarding randomization procedures and lipid outcomes.  Three of the 11 requested authors provided unpublished raw data for lipid outcomes.

Data Analysis Process

Data were synthesized descriptively, emphasizing methodological characteristics of the studies such as populations enrolled, definitions of selection and outcome criteria, sample sizes, adequacy of randomization process, interventions and comparisons, cointerventions, biases in outcome assessment or intervention administration, and study designs.  Relationships among clinical outcomes, participant characteristics, and methodological characteristics were examined in evidence tables and graphical summaries such as forest plots. 

Primary outcomes in studies were measured with continuous rather than categorical variables.  Two methods were used to estimate “effect size” measures for each study.  First, we used the standardized mean differences between treatment and comparison group scores.  Hedges’ g was used to compute the standardized mean difference for each trial:
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[image: image2.wmf]x

T

 and 
[image: image3.wmf]x

C

 are the mean clinical outcome scores for the treatment group and comparison group, respectively, and spooled is the pooled standard deviation for the difference between the two means. QUOTE "66" 
66
  These estimates were adjusted for between-group differences at baseline and for small sample bias. QUOTE "66" 
66
  Adjusting for baseline differences was accomplished by calculating an effect size at baseline; by definition, it should be zero if study groups were well matched.  When a nonzero effect size at baseline was found, outcome effect sizes were adjusted by subtracting the baseline effect size.  Second, we used the unstandardized mean differences between treatment and comparison group scores and then adjusted for baseline differences using meta-regression models.

Published reports seldom provided estimates of spooled.  One of three strategies was used to estimate spooled when the authors did not directly provide it.  First, the individual group variances were used to estimate spooled .  If these data were not reported, the pooled variance was back-calculated from either the test statistic or the p-value for differences at followup.  QUOTE "67" 
67
  If neither was possible, a mean variance that was derived from studies of similar size was used.  Studies in which the pooled variance was calculated using either of the two latter methods were flagged in the event the magnitude of the effect size resulted in the study being identified as a potential outlier in analyzing heterogeneity.

Placebo-controlled randomized trials with lipid outcomes were quantitatively pooled using a random effects estimator. QUOTE "66,67" 
66,67

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00u\0D\00\00\1FC:\5CPROCITE4\5CDatabase\5CGARLIC.pdt\05#3806\00\05\00 
  We tried to identify outliers using a standard heterogeneity chi-square test, funnel plot, and Galbraith plot.  Studies were considered outliers if the probability for the chi-square value was less than 0.1 and/or the study fell outside of the funnel or Galbraith plot.  (A Galbraith plot is a graphical method used to aid in assessing heterogeneity and is particularly useful when the number of studies is small. QUOTE "68" 
68
  The position of each study along the two axes indicates the weight allocated in the meta-analysis.  The vertical axis [a Z statistic equal to the effect size divided by its standard error] gives the contribution of each study to the Q [heterogeneity] statistic.  Points outside the confidence bounds are those studies that have major contributions to heterogeneity; in the absence of heterogeneity, all points would be expected to be within the confidence bounds.)

Standardized mean difference effect sizes were converted to clinical laboratory units to aid in interpreting effect size standard deviation units.  As noted above, the effect size statistic is calculated by dividing the difference between group means by the pooled standard deviation of the two groups.  Because both numerator and denominator are expressed in original units (e.g., milligrams per deciliter [mg/dL]), the units cancel out and the effect size is “unitless.”  Effect sizes can be back-converted to a value with the original unit, for example, mg/dL, by multiplying the effect size value by a standard deviation value.  The statistical significance of the values (effect sizes or converted values) do not change.  However, the magnitude of the “converted effect” will vary up or down depending on the magnitude of the standard deviation used.  Because these converted clinical units are based on a common standard deviation across all studies, individual study values do not always agree with author-reported results.

Lacking population standard deviation values, we chose to use the “average” standard deviation value for the pooled studies within each group for conversions.  Two “averages” were examined: a weighted pooled standard deviation across studies (weighted by sample size) and the median pooled standard deviation.  When the two values were substantially different (representing skewness), the median value was chosen.  When the values were similar, the weighted pooled standard deviation value was used.  The actual weighted average standard deviations that were used in conversions of lipid analyses were total cholesterol:  40.8 mg/dL; low-density lipoprotein level (LDL): 29.1 mg/dL; high-density lipoprotein level (HDL):  11.4 mg/dL; and triglycerides:  85.9 mg/dL.

The following are the rationale for pooling lipid studies:  (1) multiple small- to moderate-size studies were available; (2) similar control groups were used; (3) lipid outcomes were measured using similar parameters (e.g., serum total cholesterol) at similar followup times (i.e., 4 to 6 weeks, 8 to 12 weeks, and 20 to 24 weeks); and 

(4) actual numeric results were often reported.  No quantitative summary analysis of blood pressure, glucose, or thrombotic outcomes was performed.  Although several studies measured blood pressure, few had a priori hypotheses about blood pressure, and numeric results commonly were not reported, raising the possibility of publication bias in the studies that did report numeric outcomes.  Few studies reported glucose or thrombotic outcomes; those that did reported these in several different manners (e.g., fibrinolytic activity and platelet adhesiveness).

Sensitivity and Subgroup Analysis

Different preparations of garlic, including combination preparations, were used in the trials.  Subgroup analyses were conducted for trials that used similar dried standardized preparations of garlic and enrolled participants with hypercholesterolemia.  Analyses with and without the studies that evaluated the combination preparation of garlic and ginkgo or garlic and hawthorn compared with placebo were conducted because ginkgo is not known to affect lipid parameters.  The study that evaluated a garlic and fish oil combination was not pooled with other studies because of possible independent effects of fish oil on lipid parameters.  Subgroup analysis based on “doses” of garlic supplements was not conducted because of limited variability of dosing among trials.

Presentation of Results

For this report, results of the standardized mean difference analyses are presented with overall results converted back to original “mg/dL” units; the results and conclusions of the standardized mean difference analyses do not differ substantially from the unstandardized mean difference analyses.  Results for total cholesterol, HDL, LDL, and triglyceride levels are all presented in mg/dL.  To convert cholesterol, LDL, and HDL values from mg/dL to millimoles per deciliter (mmol/dL), divide by 38.7.  To convert triglyceride values from mg/dL to mmol/dL, divide by 88.2.  Results were presented in clinical laboratory units to aid interpretation.  The magnitude of values depends entirely on the value of the standard deviation.  For this report, we chose to use a weighted average standard deviation across all studies at baseline (see the preceding “Data Analysis Process” section).  Different values for the common standard deviation would change the magnitude of clinical laboratory unit results (would not change the magnitude of the effect size units), but not the statistical significance.
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