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Abstract

OBJECTIVE: Individuals with impaired glucose tolerance (IGT) have a high risk of developing
NIDDM. The purpose of this study was to determine whether diet and exercise interventions in
those with IGT may delay the development of NIDDM, i.e., reduce the incidence of NIDDM, and
thereby reduce the overall incidence of diabetic complications, such as cardiovascular, renal, and
retinal disease, and the excess mortality attributable to these complications.

: In 1986, 110,660 men and women from 33 health care clinics in the city of Da Qing, China,
were screened for IGT and NIDDM. Of these individuals, 577 were classified (using World
Health Organization criteria) as having IGT. Subjects were randomized by clinic into a clinical
trial, either to a control group or to one of three active treatment groups: diet only, exercise only,
or diet plus exercise. Follow-up evaluation examinations were conducted at 2-year intervals over
a 6-year period to identify subjects who developed NIDDM. Cox's proportional hazard analysis
was used to determine if the incidence of NIDDM varied by treatment assignment.

: The cumulative incidence of diabetes at 6 years was 67.7% (95% CI,

59.8-75.2)

in the control group compared with 43.8% (95% CI, 35.5-52.3) in the diet group, 41.1% (95% CI,
33.4-49.4) in the exercise group, and 46.0% (95% CI,

37.3-54.7)

in diet-plus-exercise group (P or= to 25 kg/m2). In a proportional hazards analysis adjusted for
differences in baseline BMI and fasting glucose, the diet, exercise, and diet-plus-exercise
interventions were associated with 31% (P

: Diet and/or exercise interventions led to a significant decrease in the incidence of diabetes over
a 6-year period among those with IGT.

ANOVA, analysis of variance; IGT, impaired glucose tolerance; WHO, World Health
Organization.



Diabetes and its complications are major and increasing health problems in many parts of the
world. The most frequent form, NIDDM, leads to vascular complications that give rise to
considerable morbidity and premature mortality. Impaired glucose tolerance (IGT), a lesser
degree of hyperglycemia, represents an intermediate stage in the development of NIDDM that is
associated with a high risk of developing NIDDM [1-3]. One- to three-quarters of those with IGT
develop diabetes within a decade of discovery of IGT [4], and annual progression rates from IGT
to diabetes range from 1 to 10% [5-11]. Thus, if progression could be slowed, the incidence of
diabetes would be reduced and the onset of its complications prevented or delayed. Risk factors
known to influence the rate of progression from IGT to diabetes include age, obesity,
hyperinsulinemia, and insulin resistance [4,12].

The effect of interventions on the progression from IGT to diabetes has been examined in a few
studies. In two small English studies [5,7], no measurable effect of either diet or oral antidiabetic
agents was found on the incidence of subsequent diabetes, whereas in the Malmohus Study in
Sweden [6], subjects with IGT who received oral tolbutamide over a 10-year period had a lower
incidence of diabetes. In another Swedish study, the Malmo Study, in which treatment was not
randomized, adherence to a diet/exercise program for 5 years reduced the incidence of diabetes
[14].

In 1986, 577 people with IGT, identified during a population-based survey of diabetes and IGT in
Da Qing, China, agreed to participate in a randomized controlled trial to evaluate the effects of
diet and/or exercise interventions on the incidence of diabetes [15]. This report presents the
results of this trial over a 6-year follow-up period.

RESEARCH DESIGN AND METHODS

The trial was designed as a controlled clinical trial in which subjects were randomized by clinic to
investigate the effects of dietary and exercise intervention separately, and in combination, on the
incidence of diabetes in people with IGT.

Eligibility and exclusion criteria

Da Qing is an industrial city, primarily concerned with oil exploration and production, in the Hei
Long Jian province in the northern part of China. In 1986, the population of Da Qing included
281,589 people over the age of 25, all of whom received health care in designated clinics located
throughout the city. Half of these clinics, which served 126,715 people over the age of 25, were
selected to participate in a screening study. Between June and December 1986, most (87.3%) of
the target population (110,660 total: 55,391 men and 55,269

women) underwent screening at nearby hospitals. The screening consisted of measurement of
plasma glucose concentration 2 h (+/- 5 min) after a standard breakfast, followed by a 75-g oral
glucose tolerance test in those who screened positive [15]. Details of the study population and
validation of the screening procedures have been described previously [15]. From the initial
screening study, 577 people who met World Health Organization (WHO) criteria for IGT agreed
to participate in the intervention study described below. Of these, 530 subjects were followed
systematically until endpoints had been reached or for a 6-year period. Most of the 47 lost to
follow-up were lost because of migration from the region (see below). Enrollment and treatment
of subjects were conducted in accordance with the Helsinki Declaration.

Randomization and baseline measures



Intervention was provided by 33 local health clinics associated with the oil factory communities
that are dispersed throughout the city. The number of subjects attending each of these clinics
ranged from 5 to 33. Each clinic, rather than each subject, was randomized to carry out the
intervention on each of the eligible subjects attending that clinic according to one of the four
specified intervention protocols. Study participants in each clinic were categorized according to
BMI, with 208 individuals categorized as lean (BMI

2)

and 322 as overweight (BMI >or=to 25 kg/m2).

A baseline examination was conducted on each participant after a 10- to 12-h overnight fast as
described previously [15]. Briefly, blood pressure, height, and weight were measured in light
clothing without shoes following methods used in the WHO multinational study of vascular
disease in diabetes [17]. After a fasting blood sample was taken, each subject ingested 75 g of
glucose monohydrate dissolved in 300 ml water within a 2-min period. Plasma glucose and lipids
were measured in the fasting sample, and glucose was measured in the samples obtained at 60
and 120 min after the glucose load. A urine sample was collected over the 2-h time period of the
glucose tolerance test to quantify urinary glucose and albumin excretion. Past medical history and
family history of diabetes were assessed by questionnaire. The oral glucose tolerance test was
repeated in each subject during systematic evaluation examinations conducted at [approximately]
2-year intervals.

Food intake and physical activity were quantified at baseline and at each evaluation examination
using standardized forms and interviews. For dietary intake, quantity per day for the past 3 days
was ascertained for major food/beverage items, such as pork, beef, shrimp, fowl, eggs, milk, bean
curd, bean and pork oils, peanuts, sunflower seeds, fruits, vegetables, wine, and beer. These were
converted to major food constituents using a food nutrition database (Database of Nutrition for
the Peoples Republic of China version 1.0, 1993). Physical activity was assessed in a
standardized way. For occupational activity, the kind of activity and its frequency, as well as the
mode and duration of transportation to and from work were assessed. Leisure physical activity
was ascertained in minutes per day for major activities, such as walking, running, cycling, ball
playing, aerobics, dancing, gardening, and swimming. Activity was ascertained for the previous
week and converted to units per day as shown in Table 1.

Table 1. Activities required for one unit of exercise

Interventions

Diet group. In clinics assigned to the diet-only intervention, participants with BMI 2 were
prescribed a diet containing 25-30 kcal/kg body wt (105-126 kJ/kg), 55-65% carbohydrate, 10-
15% protein, and 25-30% fat. These participants were encouraged to consume more vegetables,
control their intake of alcohol, and reduce their intake of simple sugars. Subjects with BMI >or=
to 25 kg/m2 were encouraged to reduce their calorie intake so as to gradually lose weight at a rate
of 0.5-1.0 kg per month until they achieved a BMI of 23 kg/m2. Individual goals were set for
total calorie consumption and for daily quantities of cereals, vegetables, meat, milk, and oils. This
was accomplished by providing a list to each individual of the recommended daily intake of
commonly used foods and a substitution list to allow exchange within food groups. Patients
received individual counseling by physicians concerning daily food intake. In addition,
counseling sessions (in small groups) were conducted weekly for 1 month. monthly for 3 months,
and then once every 3 months for the remainder of the study.



Exercise group. Participants in clinics assigned to the exercise group were taught and encouraged
to increase the amount of their leisure physical exercise by at least 1 U/day (as defined in Table 1)
and by 2 U/day if possible for those

Diet-plus-exercise group. Participants from clinics assigned to this group received instructions
and counseling for both diet and exercise interventions that were similar to those for the diet-only
and the exercise-only intervention groups.

Control group. Subjects from clinics assigned to the control group were exposed to general
information about diabetes and IGT. Clinic physicians also dispensed informational brochures
with general instructions for diet and/or increased leisure physical activities to control group
subjects, but no individual instruction or formal group counseling sessions were conducted.

Training. All local physicians, nurses, and technicians involved in the study attended a 2-day
training session each year in which they received standardized instruction on the diet and exercise
interventions and procedures for the examination. The Da Qing Study Steering Committee
provided educational materials on diabetes and IGT via videotapes and brochures. Members of
the Steering Committee also talked to the groups to supplement the education classes on diet
and/or exercise for the appropriate groups in 1986 and again in 1988,

Follow-up procedures

Systematic evaluation examinations were carried out in 1988, 1990, and 1992. In these
examinations, variables, such as blood pressure, weight, skinfold measurements, and diet and
physical activity (as used at baseline), were remeasured as described below. All participants were
seen at 3-month intervals by local physicians. The general health of each participant was assessed
by the physician, and compliance with the intervention regimen was discussed with the nurses
and clinic staff. Physicians repeated their counseling and instructions concerning diet and
exercise. At each 3-month follow-up visit, weight and blood pressure were measured and urine
glucose was assessed using a dipstick. Plasma glucose was measured 2 h after a standard
breakfast (100 g steamed bread) if the urinary glucose was positive. If the postmeal plasma
glucose concentration was

>or= to 200 mg/dl (11.1 mmol/l), or if the local physician suspected

>that

the

subject had developed diabetes, the subject received a 75-g oral glucose tolerance test at the city
hospital or, occasionally, at a district hospital. If, at any time during the course of the study, a
participant exhibited symptoms of diabetes and repeated fasting plasma glucose measurements
were >or= to 140 mg/dl (7.8 mmol/l) or a casual glucose measurement was >or= to 200 mg/dl
(11.1 mmol/l), a clinical diagnosis of diabetes was made. A standard oral glucose tolerance test
was performed on these individuals. If the subject met WHO criteria for diabetes on the basis of
these tests, his or her formal participation in the study ended. All decisions concerning whether or
not participants had reached endpoints based on the 3-month follow-up examinations were made
by the vice chairman of the Study Steering Committee.

Outcome assessment

At 2-year intervals (1988, 1990, and 1992), a systematic evaluation examination of each
participant, including those diagnosed at the 3-month follow-up examinations, was performed



using methods similar to those of the baseline examination. Physicians from the China-Japan
Friendship Hospital in Beijing recorded diet and exercise changes and provided individual advice
on intervention adherence. Height, weight, and blood pressure were measured and fasting 2-h
plasma glucose was determined after a 75-g oral glucose load. If fasting plasma glucose was >or=
to 140 mg/dl (7.8 mmol/l) and 2-h glucose was or=to 140 mg/dl [7.8 mmol/l] or 2-h glucose
>or=to 200 mg/dl [11.1 mmol/l]), then the oral glucose tolerance test was repeated after 7-14
days. If the repeat results were normal or in the range of IGT, then the assigned treatment
regimen was resumed. If the diagnosis of diabetes was confirmed, the subjects were considered to
have reached an endpoint and were referred to receive standard diabetes treatment.

Of the 263 diabetes diagnoses made during the 6 years, 55 (21%) were made initially by the local
physicians and confirmed at the city hospital by glucose tolerance test; 208 (79%) were made as a
result of the systematic oral glucose tolerance tests performed in 1988, 1990, and 1992. Those
who left in 1988 very early in the study and before the first follow-up for reasons unrelated to
their randomization group were not included in the analysis. The 11 who died were retained,
although none had developed diabetes before death.

Statistical analysis

The cumulative number of subjects who had developed diabetes in each treatment group was
determined after conducting the 6-year evaluation examination. Because the randomization was
performed at the clinic, rather than at the individual subject level, data were analyzed in each
treatment group by comparing the incidence of diabetes in the clinics assigned to each of the
treatments. The Ryan-Einot-Gabriel-Welsch multiple F test was used to compare the clinic
groups. We also analyzed the data as if individuals had been assigned to specific treatment groups,
including clinic as a covariate in the analyses. Multivariate analysis was performed using Cox's
proportional hazards analysis taking into account the time to diagnosis. The proportional hazard
model was used because a number of individuals (21%) were diagnosed at intermediate points
and because the characteristics of the outcome evaluation conform more to the assumptions of the
Cox's model than to multiple logistic regression, which might have been more appropriate if there
were only a 6-year fixed follow-up. A backwards stepwise procedure was used to identify
possible covariates. The level of significance was taken as P

RESULTS
Incidence of diabetes

Baseline and 6-year follow-up characteristics for the four study groups are summarized in Table 2.
Of the 577 subjects with IGT who were randomized, 530 completed the study. Of the remainder,

7 people refused follow-up, 29 left Da Qing in 1988 (mostly because of the establishment of a
new oil field elsewhere), and 11 died during the course of the study. No deaths occurred in the
exercise-only group. Three deaths occurred in the control group (one pneumonia, two cirrhosis),
three in the diet group (two cancer, one septicemia), and five in the diet-plus-exercise group (one
stroke, two cancer, one accidental, one Crohn's disease). None of these 11 people were known to
have developed diabetes before death. There were no significant differences in baseline values
among the four groups.

Table 2. Characteristics of participants at the baseline and 6-year evaluation examinations by
intervention group




The mean for 6-year diabetes incidence in each of the clinics was calculated according to the
treatment group assigned to that clinic (Table 3, Figure 1). When the means of diabetes incidence
in each clinic by treatment group were compared, there was a highly significant difference
between the groups (P

Table 3. 6-year cumulative incidence of diabetes by clinic and treatment assignment

Figure 1. Mean rate of diabetes for each clinic at 6-year follow-up, by intervention group. Means
(+/- SD) were control, 66 +/- 10; diet, 47 +/- 11; exercise, 45 +/- 9; and diet plus exercise, 44 +/-
17.

Among individual subjects in the control group, the incidence of diabetes (defined using WHO
criteria) was 15.7/100 person-years (95% CI, 12.7-18.7%). In each of the three intervention
groups, the incidence of diabetes was significantly lower than in the control group (10.0 [95% CI,
7.5-12.5], 8.3 [6.4-10.3], and 9.6 [7.2-12.0] per 100 person-years in the diet, exercise, and diet-
plus-exercise groups, respectively) (P 0.05). If an alternative endpoint is defined as fasting
glucose >or= to 140 mg/dl (7.8 mmol/l), incidence rates were 9.6 (95% CI

7.2-12.0) in the control group and 3.7 (2.1-5.3), 5.3 (3.6-7.0), and 5.5

(3.7-7.3) per 100 person-years in the diet, exercise, and diet-plus-exercise groups, respectively (P

Comparison of lean and overweight subgroups

Because the dietary advice differed according to BMI, leading to the possibility of different
effects of the interventions in lean and overweight individuals, the incidence of diabetes was
evaluated separately in those who had BMI at baseline or= to 25 kg/m2 (Table 4 and Table 5,
Figure 2). Incidence rates of diabetes in the control group of overweight participants were higher
than those in the control group of lean subjects (17.2 vs. 13.3/100 person-years [P

Table 4. Baseline and follow-up data in lean participants

Table 5. Baseline and follow-up data in overweight participants

Figure 2. Incidence of diabetes at or before 6-year evaluation. Lean subjects constituted 39.2% of
the total sample (37.6% of the control group, 42.3% of the diet group, 40.4% of the exercise
group, and 39.2% of the diet-plus-exercise group).

Influence of type of intervention and baseline characteristics on the development of diabetes



When the three intervention strategies were compared with the control group in a proportional
hazards model, there was an overall reduction in the incidence of diabetes of 33% in the diet-only
group (P

Table 6. Proportional hazard analyses of effects of interventions on the incidence of NIDDM

Changes in diet and exercise

Baseline caloric intake and diet composition were similar in all four intervention groups. After 6
years of follow-up, estimated caloric intake appeared lower in the diet and diet-plus-exercise
groups, but these differences did not reach statistical significance. Analysis of calorie
composition showed a slightly lower proportion of carbohydrates and proteins and a slightly
higher proportion of fat at follow-up, but the differences were not statistically significant.
Physical exercise, expressed in units per day, was significantly higher at baseline in the diet-plus
exercise group than in the control group. At the 6-year follow-up, average units per day of
exercise were significantly higher than at baseline in the exercise and in the diet-plus-exercise
groups (Table 7).

Table 7. Diet intake and exercise by intervention group

CONCLUSIONS

This study has demonstrated in a large group of men and women with IGT, identified by
screening, that institution of a lifestyle intervention over a 6-year period led to a significant
decrease in the incidence of diabetes. Groups randomized by clinic to receive diet, exercise, or
both had incidence rates 25-50% below that of the control group. The differences were significant
if outcome was either assessed using the WHO criteria for diabetes or defined as unequivocal
elevation of fasting glucose to >or=to 140 mg/dl (>or=to 7.8 mmol/l).

The present study was performed in community health clinic settings using both group sessions
and individual counseling to deliver the interventions. Diet information was reviewed at 3- to 6-
month intervals using an abbreviated food frequency instrument. Diet assessment was facilitated
by the limited number of foods available and the generally regular eating habits of this population.
Nevertheless, the dietary assessment methods were not capable of thoroughly assessing dietary
changes and the assessments were carried out by interviewers who were not masked as to the
intervention. The data suggest, however, that calorie consumption did decrease somewhat in the
dietary intervention groups, although the differences did not reach statistical significance, perhaps
reflecting the low precision of dietary assessment methods. The distribution of calories did not
appear to change significantly in any of the groups. Of interest, in the relatively lean people
(those with a BMI 2), significant decreases in the incidence of diabetes (except in the diet arm)
were achieved despite the fact that subjects who developed diabetes showed an overall increase in
weight. In fact, individuals with BMI 2 and IGT may have significant amounts of abdominal fat
and should possibly have been given weight-loss goals as well. In assessing occupational physical
activity, mode of transportation had a substantial impact on total activity because private
automobiles are not commonly available in Da Qing. Emphasis was placed on increasing rates of
leisure activity, primarily walking. Activity levels appear to have increased in all three groups,
but the follow-up interview could not be performed in a fully masked manner. Nevertheless,



measured differences reached statistical significance only in the exercise and diet-plus-exercise
groups. Baseline physical activity was somewhat different in the four groups, but baseline
physical activity did not predict development of NIDDM when baseline physical activity was
included in the multivariate analysis. Using "intention to treat" analysis, we did not observe any
significant differences among the efficacies of the three active intervention strategies.
Nevertheless, the risk ratios, after adjustment for baseline BMI and glucose, suggest that the
efficacy of diet was similar to that of exercise, and there was no additional benefit of combining
the interventions.

The reduced incidence of diabetes observed in the intervention groups in this study is consistent
with the current understanding of the etiology of NIDDM. In most subjects, NIDDM and IGT are
associated with insulin resistance. Resistance to insulin-mediated glucose disposal in the major
glucose-utilizing tissue, such as muscle, is thought to lead to gradually increasing glucose
concentrations, which result in progressive increasing compensatory insulin secretion and
eventually to subsequent beta-cell failure [2]. Longitudinal studies of the development of NIDDM
have shown conclusively that hyperinsulinemia and direct measurement of insulin-mediated
glucose disposal are significant independent predictors of the development of NIDDM [12]. The
interventions of diet and exercise used in this study are both known to influence insulin resistance.
Exercise increases insulin-mediated glucose disposal in muscle [18]. Although lowering dietary
fat content has not been shown conclusively in humans to influence insulin-mediated glucose
disposal, hypocaloric diets leading to weight loss are associated with improved insulin-mediated
glucose disposal, lowered insulin responses, and reduction of glycemia [19]. It is thus likely that
these interventions, by reducing insulin resistance, slow the progression of glucose intolerance
and thereby perhaps arrest or delay beta-cell deterioration. The extent to which these effects can
be sustained and how long this progression can be delayed or interrupted, are not known.
Continued follow-up is planned to address these issues.

To our knowledge, this is the first randomized controlled clinical trial to demonstrate significant
reduction in the incidence of diabetes in individuals with IGT. In the earlier Bedford [7] and
Whitehall [5] studies, neither diet nor oral antidiabetic agents influenced the incidence of
subsequent diabetes in individuals with IGT. Sartor et al. [6] randomized men with IGT into three
groups that received diet therapy. One group also was treated with tolbutamide. In 10 years, when
analyzed on an intent-to-treat basis, the incidence rate for diabetes was not significantly lower in
the tolbutamide group. A more recent nonrandomized study in Sweden investigated moderate
weight reduction and increased physical activity in individuals with early NIDDM and IGT and
showed that these interventions were associated with an improvement in glucose tolerance and
reduced mortality in the intervention groups [14].

Several questions can be raised concerning these results. The first concerns the analysis of
individual subjects according to treatment group because individuals were actually assigned to
clinics that then administered the same type of intervention to all subjects. Differences in
treatment groups were fairly consistent across clinics providing the same type of intervention.
Indeed, the mean incidence rates by clinic (Figure 1, Table 3) indicate that when analyzed on the
basis of clinic rather than individual, the same pattern of reduced incidence of diabetes occurred
in clinics providing the active interventions, as compared with those providing the control
treatment. These are the same differences as are found when the individual subject was the unit of
analysis.

Another issue concerns the generalizability of these results. The residents of Da Qing migrated
from many areas of China at the time the oil industry was initiated there in 1959. It seems
probable that their health is now likely to be reasonably representative of that of the general



working population of the People's Republic of China. It has been estimated that there will be
980,000 new cases of diabetes per year in China in the twenty-first century [20] and a total of 290
million people with diabetes by 2010 [21]. These figures are likely to increase even more with
rising affluence, increasingly sedentary lifestyles, and a more abundant food supply. In fact, the
prevalence of NIDDM among Chinese residents of Mauritius approaches 12% among people
aged 25 years and over [22]. Thus, intervention in individuals with IGT could significantly reduce
the incidence of diabetes and thereby have a major impact on the public health burden of diabetes
in China in the near future.

Further studies are needed in other ethnic and socioeconomic groups to develop the most
appropriate intervention strategies and test the generalizability of the results. This has now been
initiated in the U.S., where the National Institutes of Health has begun to examine diabetes
prevention strategies in several ethnic groups. Although lifestyle interventions must be tailored
for specific populations and the best means to do so will certainly vary widely in different
countries and ethnic communities, the results of the present study provide evidence that
interventions aimed at lifestyle changes in individuals with IGT can successfully reduce the
overall rate of diabetes.
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Abstract

To comprehend the results of a randomized controlled trial (RCT), readers must understand its
design, conduct, analysis, and interpretation. That goal can be achieved only through complete
transparency from authors. Despite several decades of educational efforts, the reporting of RCTs
needs improvement. Investigators and editors developed the original CONSORT (Consolidated
Standards of Reporting Trials) statement to help authors improve reporting by using a checklist
and flow diagram. The revised CONSORT statement presented in this article incorporates new
evidence and addresses some criticisms of the original statement.



The checklist items pertain to the content of the Title, Abstract, Introduction, Methods, Results,
and Comment. The revised checklist includes 22 items selected because empirical evidence
indicates that not reporting the information is associated with biased estimates of treatment effect
or because the information is essential to judge the reliability or relevance of the findings. We
intended the flow diagram to depict the passage of participants through an RCT. The revised flow
diagram depicts information from 4 stages of a trial (enrollment, intervention allocation, follow-
up, and analysis). The diagram explicitly includes the number of participants, according to each
intervention group, included in the primary data analysis. Inclusion of these numbers allows the
reader to judge whether the authors have performed an intention-to-treat analysis.

In sum, the CONSORT statement is intended to improve the reporting of an RCT, enabling
readers to understand a trial's conduct and to assess the validity of its results.

JAMA.2001;285:1987-1991

A report of a randomized controlled trial (RCT) should convey to the reader, in a transparent
manner, why the study was undertaken and how it was conducted and analyzed. For example, a
lack of adequately reported randomization has been associated with bias in estimating the
effectiveness of interventions. 1-2 To assess the strengths and limitations of an RCT, readers need
and deserve to know the quality of its methods. Despite several decades of educational efforts,
RCTs still are not being reported adequately. 3-6 For example, a review of 122 recently published
RCTs that evaluated the effectiveness of selective serotonin reuptake inhibitors as first-line
management strategy for depression found that only 1 (0.8%) article described randomization
adequately. 5 Inadequate reporting makes the interpretation of RCT results difficult if not
impossible. Moreover, inadequate reporting borders on unethical practice when biased results
receive false credibility.

HISTORY OF CONSORT

In the mid 1990s, 2 independent initiatives to improve the quality of reports of RCTs led to the
publication of the CONSORT (Consolidated Standards of Reporting

Trials) statement, 7 which was developed by an international group of clinical trialists,
statisticians, epidemiologists, and biomedical editors. CONSORT has been supported by a
growing number of medical and health care journals 8-11 and editorial groups, including the
International Committee of Medical Journal Editors 12 (ICMJE, also known as the Vancouver
Group), the Council of Science Editors (CSE), and the World Association of Medical Editors
(WAME). CONSORT is also published in Dutch, English, French, German, Japanese, and
Spanish. It can be accessed on the Internet, along with other information about the CONSORT
group. 13

The CONSORT statement comprises a checklist and flow diagram for reporting an RCT. For
convenience, the checklist and diagram together are called simply CONSORT. They are primarily
intended for use in writing, reviewing, or evaluating reports of simple 2-group parallel RCTs.

Preliminary data indicate that the use of CONSORT does indeed help to improve the quality of
reports of RCTs. 14-15 In an evaluation of 71 published RCTs in 3 journals in 1994, allocation
concealment was reported unclearly in 43 (61%) of the trials. 14 Four years later, after these 3
journals required that authors reporting an RCT use CONSORT, the proportion of articles in



which allocation concealment was reported unclearly had decreased to 30 of 77 (39%; mean
difference, -22%; [95% confidence interval, -38% to -6%]). 14

The usefulness of CONSORT is enhanced by continuous monitoring of the biomedical literature;
this monitoring allows CONSORT to be modified depending on the merits of maintaining or
dropping current items and including new items. For example, when Meinert 16 observed that the
flow diagram did not provide important information about the number of participants who entered
each phase of an RCT (enrollment, treatment allocation, follow-up, and data analysis), the
diagram was able to be modified to accommodate the information. The checklist is similarly
flexible.

This iterative process makes the CONSORT statement a continually evolving instrument. While
participants in the CONSORT group and their degree of involvement vary over time, members
meet regularly to review the need to refine CONSORT. At the 1999 meeting, participants decided
to revise the original statement. This report reflects changes determined by consensus of the
CONSORT group, partly in response to emerging evidence on the importance of various elements
of RCTs.

REVISION OF THE CONSORT STATEMENT

Thirteen members of the CONSORT group met in May 1999 with the primary objective of
revising the original CONSORT checklist and flow diagram, as needed. The group discussed the
merits of including each item in the light of current evidence. As in developing the original
CONSORT statement, our intention was to keep only those items deemed fundamental to
reporting standards for an RCT. Some items not considered essential may well be highly
desirable and still should be included in an RCT report even though they are not included in
CONSORT. Such items include approval of an institutional ethical review board, sources of
funding for the trial, and a trial registry number (eg, the International Standard Randomized
Controlled Trial Number [ISRCTN]) used to register the RCT at its inception. 17

Shortly after the meeting, a revised version of the checklist was circulated to the group for
additional comments and feedback. Revisions to the flow diagram were similarly made. All these
changes were discussed when CONSORT participants met in May 2000, and the revised
statement was finalized shortly afterward.

The revised CONSORT statement includes a 22-item checklist (Table 1) and a flow diagram
(Figure 1). Its primary aim is to help authors improve the quality of reports of simple 2-group
parallel RCTs. However, the basic philosophy underlying the development of the statement can
be applied to any design. In this regard, additional statements for other designs will be
forthcoming from the group. 13 CONSORT can also be used by peer reviewers and editors to
identify reports with inadequate description of trials and those with potentially biased results. 1-2

Table. Checklist of Items to Include When Reporting a Randomized Trial

Figure. Flow Diagram of Subject Progress Through the Phases of a Randomized Trial




During the 1999 meeting, the group also discussed the benefits of developing an explanatory
document to enhance the use and dissemination of CONSORT. The document is patterned on
reporting of statistical aspects of clinical research 18 and was developed to help facilitate the
recommendations of the ICMJE's Uniform Requirements for Manuscripts Submitted to
Biomedical Journals. Three members of the CONSORT group, with assistance from members on
some checklist items, drafted an explanation and elaboration document. That document 19 was
circulated to the group for additions and revisions and was last revised after review at the latest
CONSORT group meeting.

CHANGES TO CONSORT

(1) In the revised checklist, a new column for "paper section and topic" integrates information
from the "subheading" column that was contained in the original statement.

(2) The "Was it reported?" column has been integrated into a "reported on page #" column, as
requested by some journals.

(3) Each item of the checklist is now numbered and the syntax and order have been revised to
improve the flow of information.

(4) "Title" and "Abstract" are now combined in the first item.

(5) While the content of the revised checklist is similar to the original, some items that previously
were combined are now separate. For example, authors had been asked to describe "primary and
secondary outcome(s) measure(s) and the minimum important difference(s), and indicate how the
target sample size was projected." In the new version, issues pertaining to outcomes (item 6) and
sample size (item 7) are separate, enabling authors to be more explicit about each. Moreover,
some items request additional information. For example, for outcomes (item 6) authors are asked
to report any methods used to enhance the quality of measurements, such as multiple observations.

(6) The item asking for the unit of randomization (eg, cluster) has been dropped because specific
checklists have been developed for reporting cluster RCTs 20 and other design types 13 since
publication of the original checklist.

(7) Whenever possible, new evidence is incorporated into the revised checklist. For example,
authors are asked to be explicit about whether the analysis reported is by intention-to-treat (item
16). This request is based in part on the observations 21 that authors do not adequately describe
and apply intention-to-treat analysis and reports that not providing this information are less likely
to provide other relevant information, such as loss to follow-up. 22

(8) The revised flow diagram depicts information from 4 stages of a trial (enrollment,
intervention allocation, follow-up, and analysis). The revised diagram explicitly includes the
number of participants, according to each intervention group, included in the primary data
analysis. Inclusion of these numbers lets the reader know whether the authors have performed an
intention-to-treat analysis,. 21-23 Because some of the information may not always be known and
to accommodate other information, the structure of the flow diagram may need to be modified for
a particular trial. Inclusion of the participant flow diagram in the report is strongly recommended
but may be unnecessary for simple trials, such as those without any participant withdrawals or
dropouts.

COMMENT



Specifically developed to guide authors about how to improve the quality of reporting of simple
2-group parallel RCTs, CONSORT encourages transparency in reporting the methods and results
so that reports of RCTs can be interpreted both readily and accurately. However, CONSORT does
not address other facets of reporting that also require attention, such as scientific content and
readability of RCT reports. Some authors, in their enthusiasm to use CONSORT, have modified
the checklist. 24 We recommend against such modifications because they may be based on a
different process than the one used by the CONSORT group.

The use of CONSORT seems to reduce (if not eliminate) inadequate reporting of RCTs. 14-15
Potentially, the use of CONSORT should positively influence the manner in which RCTs are
conducted. Granting agencies have noted this potential relationship and, in at least 1 case, 25 have
encouraged grantees to consider in their application how they have dealt with the CONSORT
items.

The evidence-based approach used to develop CONSORT also has been used to develop
standards for reporting meta-analyses of randomized trials, 26 meta-analyses of observational
studies, 27 and diagnostic studies (Jeroen Lijmer, MD, written communication, October 2000).
Health economists also have started to develop reporting standards 28 to help improve the quality
of their reports. 29 The intent of all these initiatives is to improve the quality of reporting of
biomedical research 30 and by doing so to bring about more effective health care.

The revised CONSORT statement will replace the original one in the journals and groups that
already support it. Journals that do not yet support CONSORT may do so by registering on the
CONSORT Web site. 13 To convey to authors the importance of improved quality in the
reporting of RCTs, we encourage supporting journals to reference the revised CONSORT
statement and the CONSORT Internet address 13 in their "Instructions to Authors." Because the
journals publishing the revised CONSORT statement have waived copyright protection,
CONSORT is now widely accessible to the biomedical community. The CONSORT checklist
and flow diagram can also be accessed at the CONSORT Web site. 13

A lack of clarification of the meaning and rationale for each checklist item in the original
CONSORT statement has been remedied with the development of the CONSORT explanation
and elaboration document, 19 which also can be found on the CONSORT Web site. 13 This
document reports the evidence on which the checklist items are based, including the references,
which had annotated the checklist items in the previous version. We encourage journals to also
include reference to this document in their Instructions to Authors.

Emphasizing the evolving nature of CONSORT, the CONSORT group invites readers to
comment on the updated checklist and flow diagram through the CONSORT Web site. 13
Comments and suggestions will be collated and considered at the next meeting of the group in
2001.

Simultaneous Publication: The revised CONSORT statement also appears in Annals of Internal
Medicine (2001;134:657-662) and The Lancet (2001;357:1191-1194).

Author Contributions: Mr Moher and Drs Schulz and Altman participated in regular conference
calls, identified participants, contributed to the CONSORT meetings, and drafted the manuscript.
Mr Moher planned the CONSORT meetings, secured funding, invited the participants, and
planned the meeting agenda. Members of the CONSORT group attended the meetings and



provided input for the revised checklist, flow diagram, and/or text of this article. Mr Moher is the
guarantor of this article.

Contributors to this version of the CONSORT statement: Frank Davidoff, MD, Annals of Internal
Medicine (Philadelphia, Pa); Susan Eastwood, ELS(D), University of California at San Francisco;
Matthias Egger, MD, Department of Social Medicine, University of Bristol (Bristol, England);
Diana Elbourne, PhD, London School of Hygiene and Tropical Medicine (London, England);
Peter Gotzsche, MD, Nordic Cochrane Centre (Copenhagen, Denmark); Sylvan B. Green, PhD,
MD, School of Medicine, Case Western Reserve University (Cleveland, Ohio); Leni Grossman,
BA, Merck & Co Inc (Whitehouse Station, NJ); Barbara S. Hawkins, PhD, Wilmer
Ophthalmological Institute, Johns Hopkins University (Baltimore, Md); Richard Horton, MB,
The Lancet (London, England); Wayne B. Jonas, MD, Uniformed Services University of the
Health Sciences (Bethesda, Md); Terry Klassen, MD, Department of Pediatrics, University of
Alberta (Edmonton); Leah Lepage, PhD, Thomas C. Chalmers Centre for Systematic Reviews
(Ottawa, Ontario); Thomas Lang, MA, Tom Lang Communications (Lakewood, Ohio); Jeroen
Lijmer, MD, Department of Clinical Epidemiology, University of Amsterdam (Amsterdam, the
Netherlands); Rick Malone, BS, TAP Pharmaceuticals (Lake Forest, I11); Curtis L. Meinert, PhD,
Johns Hopkins University (Baltimore, Md); Mary Mosley, BS, Life Science Publishing (Tokyo,
Japan); Stuart Pocock, PhD, London School of Hygiene and Tropical Medicine (London,
England); Drummond Rennie, MD, JAMA (Chicago, I11); David S. Riley, MD, University of
New Mexico Medical School (Santa Fe); Roberta W. Scherer, PhD, Epidemiology and Preventive
Medicine, University of Maryland School of Medicine (Baltimore); Ida Sim, MD, PhD,
University of California at San Francisco; and Donna Stroup, PhD, MSc, Epidemiology Program
Office, Centers for Disease Control and Prevention (Atlanta, Ga).

Funding/Support: Financial support to convene meetings of the CONSORT group was provided
in part by Abbott Laboratories, American College of Physicians, GlaxoWellcome, The Lancet,
Merck, Canadian Institutes for Health Research, National Library of Medicine, and TAP
Pharmaceuticals.

Acknowledgment: The effort to improve the reporting of randomized trials, from its beginnings
with the Standards of Reporting Trials (SORT) group to the current activities of the CONSORT
group, have involved a large number of people around the globe. We wish to thank Leah Lepage,
PhD, for keeping everybody all lined up and moving in the same direction.

References

1. Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of bias: dimensions of
methodological quality associated with estimates of treatment effects in controlled trials. JAMA.
1995;273:408-412. [Fulltext Link] [Medline Link] [PsycINFO Link] [BIOSIS Previews Link]

2. Moher D, Pham B, Jones A, et al. Does the quality of reports of randomised trials affect
estimates of intervention efficacy reported in meta-analyses? Lancet. 1998;352:609-613. [Fulltext
Link] [Medline Link]

3. Jadad AR, Boyle M, Cunningham C, Kim M, Schachar R. Treatment of Attention-
Deficit/Hyperactivity Disorder. Hamilton, Ontario: McMaster University; 2000. Evidence
Report/Technology Assessment No. 11.

4. Thornley B, Adams CE. Content and quality of 2000 controlled trials in schizophrenia over 50
years. BMJ. 1998;317:1181-1184. [Fulltext Link] [Medline Link] [BIOSIS Previews Link]



5. Hotopf M, Lewis G, Normand C. Putting trials on trial: the costs and consequences of small
trials in depression: a systematic review of methodology. J Epidemiol Community Health.
1997;51:354-358. [Medline Link] [PsycINFO Link] [BIOSIS Previews Link]

6. Dickinson K, Bunn F, Wentz R, Edwards P, Roberts 1. Size and quality of randomised
controlled trials in head injury: review of published studies. BMJ. 2000;320:1308-1311. [Fulltext
Link] [Medline Link] [BIOSIS Previews Link]

7. Begg CB, Cho MK, Eastwood S, et al. Improving the quality of reporting of randomized
controlled trials: the CONSORT statement. JAMA. 1996;276:637-639. [Fulltext Link] [Medline
Link] [CINAHL Link]

8. Freemantle N, Mason JM, Haines A, Eccles MP. CONSORT: an important step toward
evidence-based health care. Ann Intern Med. 1997;126:81-83. [Fulltext Link] [Medline Link]

9. Altman DG. Better reporting of randomized controlled trials: the CONSORT statement. BMJ.
1996;313:570-571. [Fulltext Link] [Medline Link]

10. Schulz KF. The quest for unbiased research: randomized clinical trials and the CONSORT
reporting guidelines. Ann Neurol. 1997;41:569-573. [Medline Link] [BIOSIS Previews Link]

11. Huston P, Hoey J. CMAJ endorses the CONSORT statement. CMAJ. 1996;155:1277-1279.
[Fulltext Link] [Medline Link]

12. Davidoff F. News from the International Committee of Medical Journal Editors. Ann Intern
Med. 2000;133:229-231. [Fulltext Link] [Medline Link] [BIOSIS Previews Link]

13. CONSORT Web site. Available at: http://www.consort-statement.org . Accessibility verified
March 14, 2001.

14. Moher D, Jones A, Lepage L. for the CONSORT Group. Use of the CONSORT statement
and quality of reports of randomized trials: a comparative before-and-after evaluation. JAMA.
2001;285:1992-1995. [Fulltext Link] [Medline Link] [CINAHL Link] [BIOSIS Previews Link]

15. Egger M, Juni P, Bartlett C. for the CONSORT Group. Value of flow diagrams in reports of
randomized controlled trials. JAMA. 2001;285:1996-1999. [Fulltext Link] [Medline Link]
[CINAHL Link] [BIOSIS Previews Link]

16. Meinert CL. Beyond CONSORT: need for improved reporting standards for clinical trials.
JAMA. 1998;279:1487-1489. [Fulltext Link] [Medline Link]

17. Chalmers 1. Current controlled trials: an opportunity to help improve the quality of clinical
research. Curr Control Trials Cardiovasc Med. 2000;1:3-8.

18. Bailer JC III, Mosteller F. Guidelines for statistical reporting in articles for medical journals:
amplifications and explanations. Ann Intern Med. 1988;108:266-273. [Medline Link]

19. Altman DG, Schulz KF, Moher D, et al. for the CONSORT group. The revised CONSORT
statement for reporting randomized trials: explanation and elaboration. Ann Intern Med.
2001;134:663-694. [Fulltext Link] [Medline Link] [CINAHL Link] [BIOSIS Previews Link]


http://www.consort-statement.org/

20. Elbourne DR, Campbell MK. Extending the CONSORT statement to cluster randomised
trials: for discussion. Stat Med. 2001;20:489-496. [Medline Link]

21. Hollis S, Campbell F. What is meant by intention-to-treat analysis? survey of published
randomized controlled trials. BMJ. 1999;319:670-674. [Fulltext Link] [Medline Link] [BIOSIS
Previews Link]

22. Ruiz-Canela M, Martinez-Gonzalez MA, de Irala-Estevez J. Intention-to-treat analysis is
related to methodological quality. BMJ. 2000;320:1007. [Fulltext Link] [Medline Link]

23. Lee YJ, Ellenberg JH, Hirtz DG, Nelson KB. Analysis of clinical trials by treatment actually
received: is it really an option? Stat Med. 1991;10:1595-1605. [Medline Link] [BIOSIS Previews
Link]

24. Bentzen SM. Towards evidence based radiation oncology: improving the design, analysis, and
reporting of clinical outcome studies in radiotherapy. Radiother Oncol. 1998;46:5-18. [Medline
Link] [BIOSIS Previews Link]

25. O'Toole LB. MRC uses checklist similar to CONSORT's. BMJ. 1997;314:1127. [Fulltext
Link] [Medline Link]

26. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF. for the QUOROM group.
Improving the quality of reports of meta-analyses of randomized controlled trials: the QUOROM
statement. Lancet. 1999;354:1896-1900. [Fulltext Link] [Medline Link]

27. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. JAMA. 2000;283:2008-2012. [Fulltext Link] [Medline
Link] [BIOSIS Previews Link]

28. Siegel JE, Weinstein MC, Russell LB, Gold MR. Recommendations for reporting cost-
effectiveness analysis. JAMA. 1996;276:1339-1341. [Fulltext Link] [Medline Link] [CINAHL
Link]

29. Neumann PJ, Stone PW, Chapman RH, Sandberg EA, Bell CM. The Quality of Reporting in
Published Cost-Utility Analyses, 1976-1997. Ann Intern Med. 2000;132:964-972. [Fulltext Link]
[Medline Link] [BIOSIS Previews Link]

30. Altman DG. The scandal of poor medical research. BMJ. 1994;308:283-284. [Fulltext Link]
[Medline Link]

Clinical Trials; Data Interpretation, Statistical; Guidelines; Periodicals; Publishing; Quality
Control; Randomized Trials; Reliability and Validity; Reproducibility of Results; Research
Design

Accession Number: 00005407-200104180-00033




