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Abstract

Background/Objectives—Bland–Altman methods for assessing the agreement between two 

measures are highly cited. However, these methods may often not be used to assess agreement, 

and when used, they are not always presented or interpreted correctly. Our objective was to 

evaluate the use and the quality of reporting of Bland–Altman analyses in studies that compare 

self-reported with measured weight and height.

Methods—We evaluated the use of Bland–Altman methods in 394 published articles that 

compared self-reported and measured weight and height data for adolescents or adults. Six 

reporting criteria were developed: assessment of the normality of the distribution of differences, a 

complete and correctly labeled Bland–Altman plot displaying the mean difference and limits of 

agreement (LOA), numerical values and confidence intervals, standard errors, or standard 

deviations for mean difference, numerical values of LOA, confidence intervals for LOA, and 

prespecified criteria for acceptable LOA.

Results—Only 72/394 (18%) studies comparing self-reported with measured weight and height 

or BMI used some form of Bland–Altman analyses. No study using Bland–Altman analyses 

satisfied more than four of the six criteria. Of the 72 studies, 64 gave mean differences along with 
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confidence intervals or standard deviations, 55 provided complete Bland–Altman plots that were 

appropriately labeled and described, 37 provided numerical values for LOA, 4 reported that they 

examined the normality of the distribution of differences, 3 provided confidence intervals for 

LOA, and 3 had prespecified criteria for agreement.

Conclusions—Bland–Altman methods appear to be infrequently used in studies comparing 

measured with self-reported weight, height, or BMI, and key information is missing in many of 

those that do use Bland–Altman methods. Future directions would be defining acceptable LOA 

values and improving the reporting and application of Bland–Altman methods in studies of self-

reported anthropometry.

Introduction

In 1986, Bland and Altman published an article [1] on methods of measurement comparison. 

Their purpose was to discuss methods of comparing two measures of the same thing, with 

the goal of assessing to the extent to which one method could be used in place of the other. 

This is the exact goal of many studies of self-reported height or weight compared with 

measured height and weight. According to the abstract: “in clinical measurement 

comparison of a new measurement technique with an established one is often needed to see 

whether they agree sufficiently for the new to replace the old. Such investigations are often 

analyzed inappropriately, notably by using correlation coefficients. The use of correlation is 

misleading.” The 1986 Bland–Altman article is highly cited, with over 42,000 citations in 

Google Scholar. Extensive descriptions of the methods are available in a number of 

subsequent articles that have described the Bland–Altman approach further [2–9].

Bland and Altman suggested plotting the differences between two methods against the mean 

of the two values and then using those data to derive the limits of agreement (LOA) between 

which 95% of the differences would be expected to fall. LOA are calculated as the mean 

difference ± 2 standard deviations (SD). The well-known Bland–Altman plot shows the 

differences plotted against the mean of the two methods and displays the mean difference 

and the LOA. However, the method is more than just the plot. As explained succinctly by 

Altman and Bland in an “author reply” [10] to a 2002 letter: “The graph, which many think 

is the whole of our method, was intended as a visual check that the approach was reasonable 

and that the data were ‘well-behaved.’ Thus the graph shows whether the variability of 

differences between methods is roughly constant across the range of measurement, but the 

key element of the approach is to examine and summarize the individual differences 

between the two methods. Indeed, in our original paper we included histograms of these 

differences. This distribution should be approximately normal, and (apart from occasional 

outliers) this is usually what we see.” Bland and Altman’s method shows how to derive the 

LOA but did not propose an exact value for the acceptable degree of agreement, which they 

felt should be derived in advance if possible and based on clinical considerations for each 

specific application.

A number of studies [10–15] have evaluated the reporting of Bland–Altman analyses in 

method comparisons from anesthesiology, medical instrumentation, and clinical chemistry. 

These studies have identified limitations in how such analyses are reported. Commonly 
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reported deficiencies include lack of confidence intervals for the LOA and lack of 

prespecified criteria for acceptable LOA. For example, Mantha et al. [13] reviewed 42 

articles in anesthesiology journals that had used Bland–Altman analysis for method 

comparisons and found that although 38 included correct Bland–Altman plots, only three 

specified acceptable LOA in advance and only one provided confidence intervals for the 

LOA. Dewitte et al. [10] reviewed 95 articles in the journal Clinical Chemistry and found 

that only 67 presented the LOA and only two compared the LOA with prespecified 

acceptable levels; they did not assess the issue of confidence intervals.

A number of systematic reviews have compared self-reported and measured weight and 

height or body mass index (BMI) calculated from self-reported or measured weight and 

height data [16–24]. These reviews, however, have not addressed the use of Bland–Altman 

analyses to assess agreement. Our objective is to evaluate the reporting of Bland and Altman 

methods in studies of self-reported versus measured weight and height or of BMI values 

calculated from those data.

Methods

Identification of articles

We used a variety of approaches to identify articles that compared self-reported and 

measured anthropometric values and used Bland–Altman methods. We included only studies 

in English that studied adults or adolescents, rather than children, and excluded studies that 

were published before 1986 (the date of the Bland–Altman publication in the Lancet). We 

examined the reference lists of systematic reviews that compare self-reported and measured 

weight and height or derived values such as BMI calculated from self-reported weight and 

height [16–24]. We repeated through May 2019 the PubMed search strategies described in 

two of these systematic reviews [21, 22]. We examined reference lists of papers cited in prior 

reviews and reference lists of epidemiologic studies of BMI and health outcomes that used 

self-reported heights and weights. We searched “related articles” in PubMed. We searched 

PubMed for articles that had cited Bland–Altman articles on method comparisons and then 

searched those results. We found 394 articles that compared self-reported with measured 

weight or height data or BMI calculated from self-reported data with BMI calculated from 

measured data. The complete list of the 394 studies is shown in Supplemental Table S1. Of 

those, we identified 72 published articles that used some form of Bland–Altman analysis.

Selection of criteria

We scored the 72 studies that used Bland–Altman analyses on the following six reporting 

criteria: assessment of the normality of the distribution of differences, a complete and 

correctly labeled Bland–Altman plot displaying the mean difference and LOA, numerical 

values and confidence intervals, standard errors, or SD for mean difference, numerical 

values of LOA, confidence intervals for LOA, and prespecified criteria for acceptable LOA. 

These criteria were derived as a modified version of the criteria that were suggested by Abu-

Arafeh et al. [11] in the context of anesthesiology research. Abu-Arafah et al. noted that the 

recommendations for adequate reporting in previous reviews of studies using the Bland–

Altman approach were often not provided as an explicit list of specific requirements. Abu-
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Arafah et al. performed a systematic search of the literature and compiled a list of 13 key 

features, based on the recommendations from 64 articles. Our criteria are a slightly modified 

version of that list. We did not include the criteria related to statistical software or the criteria 

related to repeated measures, because repeated measures have little applicability for studies 

of self-reported weight and height.

These six criteria provide information that can be used to evaluate the degree of agreement 

between two methods. The mean difference provides an estimate of bias. Assessment of 

normality may indicate the need for a transformation of the data before calculating the LOA. 

If possible, the acceptable limit of agreement should be prespecified. The LOA can be 

compared against the prespecified criteria to evaluate whether the degree of agreement is 

acceptable. Confidence intervals indicate the statistical uncertainty of the estimates and their 

generalizability to other populations.

All criteria were assessed by one author (KF), and the coauthors BG and JI each 

independently assessed a random sample of 20 articles. Consensus was reached on all 

scores. Furthermore, as we perused the eligible articles, we noted whether there were any 

other notable patterns of misuse and of interpretation for the presented Bland–Altman 

analyses.

Results

Eligible studies

Among the 394 screened studies, only 72 (18%) used some form of Bland–Altman analysis. 

A list of these 72 studies is shown in Supplemental Table 2. Of these 72 studies, 4 were 

published before 2000, 12 were published from 2000 to 2009, 34 were published from 2010 

through 2014, and 22 were published from 2015 through May 2019. The 72 studies were 

highly heterogenous, including studies from Europe [25], US/Canada [13], Australia/NZ [9], 

Brazil [7], Japan [4], and China [3], and one each from Mexico, Peru, and Malaysia. We did 

not attempt to evaluate the overall quality of the studies or summarize the results. There 

were numerous methodological differences among studies having to do with study design 

and timing of reports and measurements. A number of different approaches were used. For 

example, in several studies [26, 27], a subsample for measurement was selected from a 

larger group that had already provided self-reported weights and heights. In some studies 

[28, 29] participants were given specific instructions about measuring their own height and 

weight at home before providing reported values, which were then checked against a clinical 

examination. In another study [30], participants were asked to report weight and height and 

to indicate at the same time whether they wanted to have their weight and height 

subsequently measured.

Groups under study included occupational groups (bank employees, firefighters, public 

servants, nurses, and physicians), patients (bariatric surgery patients, HIV/AIDS patients, 

preoperative patients, emergency department patients, and breast cancer patients), 

participants in intervention studies (e.g., a randomized trial examining the effectiveness of 

two lifestyle-based weight loss interventions), and general population samples. The goals of 

these studies were also varied, ranging from general issues to highly specific applications. 
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For example, one study [31] wanted to evaluate the validity of self-reported data obtained 

from mailed surveys to derive BMI estimates, another study [32] sought to evaluate the use 

of self-reported data for Canadian health surveys, another [25] assessed the effects of using 

self-reported weight and height in an algorithm to detect left ventricular hypertrophy, and a 

fourth [33] evaluated the use of self-reported data to detect malnutrition in preoperative 

patients.

Criteria for use of Bland–Altman analyses

The distribution of overall scores is shown in Fig. 1. On the basis of six reporting criteria, no 

study satisfied more than four criteria. The number and percent of studies meeting each 

criterion is shown in Table 1. The overall scores and single criteria for each study are shown 

in Supplemental Table S2.

Of the 17 articles without complete Bland–Altman plots, three articles had no plot, and in 

eight articles, the plot was simply a plot of differences plotted against means and not the plot 

described by Bland and Altman. The remainder had additional lines that were not clearly 

identified.

Of the articles with prespecified criteria, two [34, 35] used criteria that compared the LOA 

with the SD of the measured values. Zhou et al. [35] compared the upper and lower LOA 

with the SD of the measured values, concluding that if the LOA were wider than 1 SD of the 

measured values (as was the case for height and weight) the agreement was “fair” and if 

wider than 2 SD of measured values (as was the case for BMI), the agreement was “poor.” 

Yoshitake et al. [34] similarly compared the LOA with the measured SD, concluding that for 

height, weight, and BMI, the agreement was “good” because the LOA were lower than 1 SD 

and sufficiently small to be considered acceptable. These articles did not provide further 

references or explanations for this practice. The third article by Villarini et al. [29] specified 

a difference of 10% or less as acceptable, citing an article by Barrios et al. [36] as 

justification.

Additional issues noted with use and interpretation of Bland–Altman analyses

We observed a number of issues while reviewing these articles. One problem is a circular 

interpretation of the LOA. Bland and Altman recommended that researchers decide, 

preferably in advance, on what constituted an acceptable degree of agreement. The LOA are 

chosen by design to cover 95% of the differences; thus, as long as the differences are 

approximately normally distributed or appropriately transformed, it would be expected that 

most of the differences fall within the LOA. A number of articles in our sample used circular 

reasoning to suggest that if most of the differences fell within the LOA, this indicated good 

agreement [37, 38]. For example, Pursey [38] stated: “at the group level, the majority of 

values fell within the LOA (2 SD) indicating a fairly good level of agreement.” Similarly, 

according to Krakowiak et al.: “the two sets of measurements were considered to be in good 

agreement if 95% of the differences were within 2 SD of the mean difference (i.e., the limits 

of agreement)” [37].

An issue that arose in a number of articles in our sample had to do with the distinction 

between the use of self-reported data for population prevalence estimates or the use for 
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individual assessments. Although precise criteria were not specified, a number of the studies 

in our sample concluded that the LOA indicated poor agreement at the individual level and 

thus that BMI may be valid for population estimates but not for individual assessments. 

Powell-Young [39] concluded: “the use of self-reported data for determining dosing 

parameters, identifying authentic association, tracking longitudinal weight changes, 

measuring obesity related morbidity, or clinical trials surveillance is not recommended.” 

Fonseca [40] opined that “at an individual level, self-reported BMI is not a valid screening 

tool, specifically in young adolescents.” Kee [41] felt that the “95% LOA … indicated 

substantial discrepancies between self-reported and direct measurements method at the 

individual level” and concluded that self-reported weight and height were “not for assessing 

nutritional status at the individual level.” Olivarius et al. [42] concluded that “the high 

variability of the differences between recalled and measured weights makes it impossible to 

draw inferences on an individual level.” Zhou et al. [35] opined that “reported weight and 

height does not have an acceptable agreement with measured data. Therefore we do not 

recommend the application of self-reported weight and height to screen for overweight 

adolescents in China. Reported data could be considered for use in surveillance systems and 

epidemiology studies with caution. Any use of self-reported height and weight data from 

adolescents in future research studies should be justified with supporting pilot data 

validating such measures.” De Vriendt [43] felt that the results indicated “limited usefulness 

on an individual level.” Yoong et al. [44] found “substantial discrepancies at the individual 

level” but felt self-reported data were adequate for population trends. According to Pasalich 

et al. [45] “use of self-reported anthropometric data may be used more appropriately for 

describing overall distribution in population studies than for monitoring changes at an 

individual level.” In contrast, McAdams et al. [46] concluded that “the accuracy of self-

reported BMI is sufficient for epidemiological studies using disease biomarkers, although 

inappropriate for precise measures of obesity prevalence.”

Discussion

The purpose of the Bland–Altman article was to discuss methods of comparing two 

measures of the same quantity, with the goal of assessing the agreement between the two 

methods. It appears, however, that the Bland–Altman approach is used only in a minority of 

studies of self-reported height or weight compared with measured height and weight. In our 

sample of 394 published articles that compared self-reported and measured height, weight, 

or BMI, 72 (18%) used some form of Bland–Altman methods. Even allowing for limitations 

in our sample, which may have omitted some relevant articles, this suggests that a relatively 

small proportion use such methods.

Even in the studies that nominally used Bland–Altman methods, there were deficiencies. We 

observed many of the same problems identified by others in other applications of this 

method in different fields such as clinical chemistry and anesthesiology [10–15]. These 

problems included incomplete plots, lack of calculation of LOAs, misunderstanding of 

LOAs, and lack of criteria to evaluate LOAs. Berthelsen and Nilsson [12] found that 14% of 

50 papers in Acta Anaesthesiologica Scandinavica reported confidence limits for the LOA 

and 4% used prespecified criteria. Chhapola et al. [14] found that only 6% of their sample of 

50 articles on comparisons of laboratory measurements reported confidence limits but, in 
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contrast to other studies, found that 74% used prespecified criteria. This difference may 

reflect the field of clinical chemistry with better-defined acceptable limits for laboratory 

analytes. They concluded that “despite its simplicity, [Bland–Altman analysis] appears not 

to be completely understood by researchers, reviewers and editors of journals.”

With the exception of the three studies mentioned above, the 72 studies that reported using 

Bland–Altman methods did not prespecify clinical criteria for acceptable limits of LOA. 

According to Bland and Altman [1]: “how far apart measurements can be without causing 

difficulties will be a question of judgment. Ideally, it should be defined in advance to help in 

the interpretation of the method comparison and to choose the sample size.” In the absence 

of prespecified or defined criteria, similar data can lead to different conclusions. A 

comparison is shown in Table 2 for self-reported versus measured weight for six roughly 

comparable studies of women in the UK and the United States. One of these studies 

calculated LOA and the other five contained sufficient information that we could calculate 

the LOA. All show similar high correlations of 0.97 or 0.98. Mean differences were similar, 

ranging from 0.9 to 1.8 kg. LOA were also similar, covering a range of roughly 10 kg, with 

the smallest range being from −3.4 to 6.2 kg and the largest being from −6.4 to 8.2 kg; 

however, the conclusions varied. One study with LOA for weight of −4 to 6 kg concluded 

that self-reported weight data were not valid for use in epidemiological studies requiring 

accuracy at the level of the individual. Another concluded that caution should be used when 

applying these results to individuals. A study with LOA for weight from −3.4 to 6.2 

concluded that self-reported weight had been shown to be valid for studying associations. 

The other studies also concluded that self-reported weight was “suitable” or “relatively 

valid” or “reasonably valid.” However, there is no clear basis for any of these conclusions 

and no criteria were specified. Berthelsen and Nilsson [12] described the lack of prespecified 

criteria as “like betting after the race” and noted that with this approach it would be 

“straightforward for a researcher to “prove” his or her personal prejudice.”

Some studies that did not use Bland–Altman methods have mentioned defined limits. 

Steventon et al. [47] felt that for telemonitoring of heart failure patients, a change of even 2 

pounds could be considered important [47]. Bowring et al. [48] defined accurate report of 

height and weight as <2 cm and <2 kg difference between self-report and measured values, 

based in part on results from Brestoff et al. [49].

Our evaluation has some potential limitations. Some studies that used and reported Bland–

Altman methods, including studies published in languages other than English, may have 

been missed. There may be some studies for which Bland–Altman methods would not have 

been applicable given the goals of the study. We did not attempt to evaluate this. Our sample 

of studies that compared self-reported with measured weight and height was not derived 

from a de novo systematic review but instead used previous systematic reviews and their 

updates, along with other sources, to identify relevant studies.

Conclusions

Bland–Altman methods appear to be infrequently used in studies comparing measured with 

self-reported weight, height, or BMI, and key information is missing in many of those that 
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use Bland–Altman methods. Completeness and standardization of reporting would be 

helpful and would enhance transparency. Future directions would be defining acceptable 

LOA values for different purposes and improving the reporting and application of Bland–

Altman methods in studies of self-reported anthropometry.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Distribution of scores
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