
Validating a summary measure of weight history for modeling 
the health consequences of obesity

Andrew Stokes, PhD1 and Yu Ni, MPH2

1Department of Global Health and Center for Global Health and Development, Boston University 
School of Public Health, Boston, MA, USA

2Department of Epidemiology, University of Washington, Seattle, WA, USA

Abstract

Purpose—Data on weight history may enhance the predictive validity of epidemiological models 

of the health risks of obesity but collecting such data is often not feasible. In this study, we 

investigate the validity of a summary measure of weight history.

Methods—We evaluated the quality of reporting of maximum weight in a sample of adults ages 

50-84 using data from the Health and Retirement Study. Recalled max body mass index (BMI, 

measured in kg/m2) based on recalled weight in 2004 was compared to calculated max BMI based 

on self-reported weight collected biennially between 1992 and 2004. Logistic regression was used 

to assess similarity between the measures in predicting prevalent conditions.

Results—The correlation coefficient between recalled and calculated max weight in the overall 

sample was 0.95. Recalled max BMI value was within 3 BMI units of the calculated value 91.4% 

of the time. The proportion of individuals obese I (BMI 30.0-34.9), obese II (35.0-39.9) and obese 

III (40.0 and above) were 28.8%, 12.7% and 6.6% using recalled values compared to 27.1%, 

10.5% and 4.9% using calculated values. In multivariate analyses, the two BMI measures similarly 

predicted disease prevalence across a number of chronic conditions.

Conclusions—Recalled max BMI was strongly correlated with max BMI calculated over the 

twelve year period prior to recall, suggesting that this measure can serve as a reliable summary 

measure of recent weight status.
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Introduction

The global age-standardized prevalence of obesity more than tripled in men and doubled in 

women over the last four decades, reaching 10.8% in men and 14.9% in women in 2014.[1] 

Despite the emergence of obesity as a major global health challenge, the impact of obesity 

on mortality remains poorly understood. A limitation of prior studies is that in most cases 

weight status was assessed at a single point in time [2–12], thus ignoring the effects of 

weight dynamics earlier in the life course. Using a one-time measure of BMI is also 

complicated by the fact that in some individuals, low BMI may reflect a pre-existing illness, 

which can create spurious associations between BMI and health outcomes.[13,14]

More sophisticated methods of risk assessment drawing on repeat measures of adiposity 

over multiple years have been explored in several recent studies.[15–17] However, 

longitudinal datasets required to implement analyses of this nature are not widely available 

and expensive to collect. Furthermore, most existing datasets only capture experience over a 

portion of the life course, often beginning in mid- to late-adulthood. Given these challenges, 

a validated summary measure of weight history that could be elicited in a single survey wave 

could potentially provide an appealing and practical alternative.

One such summary measure that was recently proposed is maximum BMI, which combines 

data on recalled maximum weight over the life course with information on height assessed at 

the time of survey.[18] As a measure of weight history, maximum BMI has several important 

features that distinguish it from other measures of weight history, such as weight at an 

earlier age or point in time. First, by enabling a distinction between non-obese individuals 

who were always non-obese versus those that were formerly obese and lost weight, this 

indicator provides an effective means of addressing confounding by illness in analyses of 

obesity and mortality.[19] Second, unlike other measures that use a fixed reference point, 

such as weight 10 years prior to survey or weight at a particular earlier age, maximum BMI 

can account for differences across individuals in the period over which illness-associated 

weight loss occurs. This is likely to be important given evidence of substantial heterogeneity 

by age and cause of death in trajectories of illness-associated weight loss prior to death.[20]

In this study, we use data from a high-quality nationally representative data set—the Health 

and Retirement Study [21]—to explore the validity of this measure for use in 

epidemiological studies. Because the HRS contains weight histories collected during 

longitudinal follow-up and the recalled maximum weight question, the database provides a 

unique opportunity to validate maximum BMI and assess the effects of measurement error in 

these data on the estimated health consequences of obesity in the US population. As a study 

of older adults, it also enables us to focus the validation on the critical age range in which 

obesity-related morbidities are common.

Material and Methods

We used data from the Health and Retirement Study (HRS), a nationally representative 

longitudinal study of US adults ages 50 and above who were surveyed biennially beginning 

in 1992. HRS participants considered eligible for the present study included respondents 
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who consented to complete interviews from 1992 to 2004, either in person or indirectly by 

telephone, mail or online survey. Data for Waves 1-7 (1992-2004) of the original HRS 

cohort, born between 1931 and 1941, were obtained from the RAND HRS Data file (Version 

O). These data were supplemented with additional information of recalled maximum weight 

and age at maximum weight from the HRS 2004 core file.

To perform the validation, we defined two measures of max BMI using 2004 as the baseline 

year for analyses. The first measure (calculated max BMI) used the maximum value of self-

reported current weight between 1992 and 2004 combined with self-reported height in 2004. 

The second measure (recalled max BMI) combined recalled max weight in 2004 with self-

reported height in 2004. Information on recalled max weight in 2004 was based on a 

question in the HRS in that year which asked “Up to the present time, what is the most you 

have ever weighed?” In responding to this question, female respondents were instructed to 

exclude weight during pregnancy from consideration. Self-reported height was based on the 

response to a question in 1994 which asked “About how tall are you without shoes?” The 

height value was carried forward in subsequent waves as it was not asked again after 1994.

We adopted several inclusion/exclusion criteria for the validation procedure. First, we 

eliminated respondents missing data on recalled maximum weight or current height in 2004 

and individuals who had any weight measurements missing between 1992 and 2004. We 

also restricted the sample to individuals between the ages of 50-84 at baseline, resulting in 

the exclusion of 63 individuals below the age of 50 and 13 individuals 85 years of age or 

above, as well as individuals with extreme values of recalled maximum weight (less than 

118 or greater than 320 lbs., corresponding to the 1st and 99th percentile values) (n=143). 

Individuals whose reported age at maximum was more than twelve years prior to baseline 

age (n=1,790) or more than one year after baseline age (n=22) were also eliminated since 

histories were only observed over the twelve-year period spanning 1992 and 2004. To 

accomplish the latter restriction, we used information from a follow-up to the max weight 

question which asked “how old were you then?” Finally, individuals whose BMI category 

placed them in the underweight category on either measure were excluded (n=3). After 

imposing these exclusions, the final analytic dataset consisted of 5,108 observations.

To examine the validity of recalled max weight, we first calculated its correlation with 

calculated max weight by gender and age as well as combinations of these two 

characteristics. For examining age differences in recalled max weight, we divided the sample 

into the age groups 50-63, 64-68 and 69-84 based on the 33.3rd and 66.6th percentile values 

of the age distribution. Next, we compared mean values of recalled max BMI by gender and 

age to mean values obtained using calculated max BMI. To explore the quality of reporting 

within categories of BMI, we constructed categorical measures for both max BMI variables 

using the standard WHO definitions of normal weight (18.5-24.9), overweight (25.0-29.9), 

obese I (30.0-34.9), obese II (35.0-39.9) and obese III (≥40.0). We used these variables to 

compare the gender specific prevalence of each weight status and to examine the joint 

distribution of subjects by recalled and calculated max BMI category. We examined 

concordance across the two measures by calculating the ratio of the percentage of 

individuals in a particular weight class based on both measures to the percentage in that 

weight category based on calculated max BMI.
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In addition to assessing concordance in BMI distributions between recalled and calculated 

max BMI, we investigated differences in patterns of obesity-related disease prevalence by 

BMI category across the two measures. We compared both crude prevalence values and 

measures of association derived from multivariate logistic regression models adjusted for 

age and gender in which maximum BMI was specified as a continuous variable. For these 

comparisons, we used data on provider diagnosed hypertension, diabetes, heart disease, 

stroke and arthritis from the 2004 wave of HRS.

Finally, in a supplementary analysis, we compared socio-demographic characteristics and 

lifestyle behaviors of respondents whose max weight was attained less than or equal to 12 

years vs. more than 12 years prior to baseline. For these two groups of respondents, we also 

calculated mean values of recalled max BMI by age and gender. All analyses were 

performed using SAS 9.4 (SAS Institute Inc., Cary, NC) and were adjusted for unequal 

probabilities of selection and non-response using sample weights. The complex survey 

design of the HRS was accounted for by incorporating cluster and stratification variables.

Results

The final sample of 2,982 women and 2,126 men was 88% White or Caucasian, 9% Black 

and 3% other. A majority (74%) was married, and more than three fourths had a high school 

education or some college and above. 40% of the participants claimed that they never 

smoked, while 13% were current smokers at the time of baseline survey. Half of respondents 

reported that they consumed alcohol. An average of 4 times weekly vigorous physical 

activity and 3 times of light or moderate weekly exercises were reported (Table 1). 

Compared to female respondents, males were more likely to be married, alcohol consumers 

and former smokers (Appendix Table 1).

The overall correlation between recalled and calculated max weight was 0.948 and was 

slightly higher in women compared to men (r=0.949 vs. 0.944). Table 2 compares mean 

values recalled and calculated max BMI by gender and age. Across all gender/age 

categories, mean values were higher when recalled data were used. Among females the 

mean values for recalled and calculated max BMI were 30.8 vs. 30.1 for individuals ages 

50-63, 30.6 vs. 29.9 for those ages 64-68 and 30.3 vs. 29.8 for those ages 69-84. A similar 

pattern was observed in males, with the difference in mean BMI being slightly greater in 

younger as compared to older individuals.

Figure 1 presents gender-specific histograms of the difference between recalled and 

calculated max BMI. In males, recalled max values were within 1 BMI unit of the calculated 

values 59% of the time, within 2 BMI units 85% of the time and within 3 units 94% of the 

time. Discrepancy between recalled and calculated values were similar in females with the 

difference falling within 1 unit of BMI 62% of the time, 2 units 83% of the time and 3 units 

90% of the time.

In addition to exploring the two measures on a continuous basis, we constructed categorical 

measures of recalled and calculated max BMI to investigate differences in prevalence values 

across the standard categories of BMI. Figure 2 presents the comparison by gender for the 
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prevalence of normal weight, overweight, obese I, obese II and obese III. Among females, 

the distribution of recalled max BMI was 17.9% normal weight, 35.8% overweight, 25.0% 

obese I, 12.6% obese II and 8.6% obese III. Using calculated values the corresponding 

values were 20.0%, 38.0%, 24.6%, 10.6% and 6.7%. In males, the corresponding 

distributions for recalled and calculated values were 9.3% vs. 10.2%, 40.0% vs. 46.6%, 

34.0% vs. 30.5%, 12.9% vs. 10.3% and 3.9% vs. 2.4%. The absolute difference in 

prevalence values between the two measures was greatest in the overweight category in both 

sexes. In both sexes, the prevalence of normal and overweight were underestimated using 

recalled max BMI, whereas the prevalence of obese I, II, III were overestimated.

Table 3 shows the joint distribution between recalled and calculated max BMI categories. 

Adding up the values along the diagonal of the matrix shows that recalled max BMI agreed 

with the calculated value for 79% of individuals. Concordance was highest for individuals 

with a calculated max BMI in the obese III range (91%). In the remaining categories the 

percentage of those in a given category of recalled BMI that were in the same category of 

calculated BMI was between 70-80%. The sum of values in the upper and lower diagonals 

of the matrix showed that recalled values were higher than calculated values for 17.1% of 

individuals and lower than calculated values in 4.1% of cases. Among individuals who were 

not in their calculated BMI category, most were displaced by one BMI category. Patterns 

were similar when the joint distributions were examined separately by age. The proportion 

of cases in which recalled max BMI agreed with the calculated value was 77.1%, 79.2% and 

79.8% at ages 50-63, 64-68 and 69-84, respectively (Appendix Table 2).

We also investigated the association between recalled and calculated max BMI categories 

and prevalent conditions, including provider-diagnosed hypertension, diabetes, heart disease, 

stroke and arthritis. Table 4 shows the prevalence of each condition by BMI category and 

Table 5 shows results from multivariate logistic regression models relating each prevalent 

condition to calculated and recalled max BMI. Across all the conditions examined, strong 

gradients in disease prevalence were observed across categories of BMI whether recalled or 

calculated values were used. For hypertension, prevalence values for normal weight, 

overweight and obese I-III were 37.8%, 51.9%, 65.5%, 68.3%, 78.2% based on calculated 

BMI and 36.0%, 50.7%, 63.8%, 69.3% and 75.0% using recalled values. For diabetes the 

corresponding values for calculated and recalled max BMI were 3.4% vs. 4.0%, 12.4% vs. 

11.2%, 25.5% vs. 22.3%, 32.6% vs. 32.6% and 52.2% vs. 49.2%. The extent of agreement 

was similar for other conditions. With respect to patterns in the discrepancy in prevalent 

conditions between recalled and calculated values by BMI category, the most consistent 

difference emerged in the obese III category, where the calculated values were slightly 

higher than the recalled values across all the disease states. Table 5 based on continuous 

measures of exposure and Appendix Table 1 based on categorical measures of exposure 

show similar patterns as Table 4, with strong and consistent increases in the covariate-

adjusted odds of having a prevalent condition with increases in max BMI, regardless of the 

measure used.

To better understand the subpopulation that reported attaining their max BMI earlier in life, 

we compared recalled max BMI, socio-demographic characteristics and lifestyle behaviors 

of respondents whose max weight was attained less than or equal to 12 years vs. more than 
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12 years prior to baseline. The results are displayed in Appendix Table 3. Compared to those 

with recent recalled maximum BMI, respondents who attained their max BMI earlier in life 

were slightly older on average and were more likely to be male and current smokers. 

Members of this subpopulation also had somewhat lower recalled maximum BMI compared 

to those who attained their max BMI within 12 years of baseline.

Discussion

Life course data on adiposity may significantly enrich the quality of epidemiological models 

of the health consequences of obesity, yet most studies continue to rely on weight status 

recorded at a single instance in time.[2–12] A major challenge to adopting a life course 

approach is that few datasets include the long-term repeat measures of adiposity that would 

be necessary to carry out such studies and those that do exist often do not begin early 

enough in the life of the cohort to capture all the relevant history. In the absence of these 

data, alternative measures are needed that capture key features of weight history but are at 

the same time simple and inexpensive to collect.

One such measure that was recently proposed is maximum BMI, constructed using data on 

recalled maximum weight.[18] Maximum BMI has several important features that make it 

particularly suitable for use in studying the association between obesity and mortality. First, 

maximum BMI enables identification of a low-risk subset of the population whose weight 

never exceeded the normal weight category, thus providing an effective means of addressing 

confounding by illness. Second, it provides a more flexible manner of identifying pre-illness 

weight status than metrics that rely on weight recalled at a specific age or point in time, such 

as weight at age 25 or weight 10 years prior to the survey. This is a valuable given prior 

findings in the literature that illness-associated weight-loss trajectories vary substantially by 

age and cause of death.[20] Although maximum BMI has shown promise in several recent 

studies[18,19], it has not previously been validated.

In this study, we took advantage of a nationally representative longitudinal dataset to 

perform such a validation. We compared maximum BMI based on recalled maximum weight 

in 2004 to an alternative measure of maximum BMI calculated using data on self-reported 

weight collected biennially between 1992 and 2004. We found that the overall correlation 

coefficient between the two measures was 0.948 and that respondents’ recalled max BMI 

value was within 3 BMI units of the calculated value 91.4% of the time. When categorical 

versions of the two measures were compared, recalled max BMI category concurred with the 

calculated category in 79% of instances. The percent overweight or obese was 85.7% based 

on recalled values and 84.1% using calculated max BMI. Based on comparisons of 

categorical BMI, the quality of reporting was slightly higher in women than men and higher 

in older as compared to younger adults.

To the best of our knowledge, this is the first study to investigate the validity of recalled max 

weight. However, several prior studies have compared data on recalled and measured past 

weight.[22,23] In one such study based on data from the National Health and Nutrition 

Examination Survey 1 Epidemiologic Follow-up Study, the correlation coefficient between 

measured weight in 1971-1975 and recalled 1971-1975 body weight reported in 1982-1984 
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was 0.73 for men and 0.74 for women.[22] A study of Japanese men ages 34-61 that 

compared measured to recalled weight at age 25 reported a correlation coefficient of 0.85.

[23] In the current study, we found a correlation coefficient of 0.948—a value similar to that 

found in comparisons of self-reported and measured current BMI.[24,25]

This study had several limitations. First, the gold standard we used to assess the quality of 

recalled max weight was based on respondents’ self-reported weight during longitudinal 

follow-up. Although these data were not subject to recall bias, they may still been affected 

by errors of self-reporting. Prior studies have found strong correlations between self-

reported and measured current weight [24,25], however, indicating that although not a 

perfect proxy, self-reported values provides a reasonable approximation to measured values. 

Second, members of the sample may have been more aware of their maximum weight status 

than members of the population at large as a result of their participation in the study, leading 

us to overestimate the quality of recalled maximum weight. Third, weight was only reported 

in two-year intervals during follow-up and as such we cannot rule out the possibility that 

some respondents’ max weight was attained between survey waves and thus not observed. 

This possibility is supported by the fact that for over a third of respondents, self-reported age 

at max weight was different from the calculated value by a single year (data not shown). 

Both self-reporting bias in current BMI over follow-up and the lack of granularity in the 

weight histories may have led us to underestimate calculated max BMI and thus 

overestimate the discrepancy between the two max BMI measures. This possibility is 

consistent with our findings, which showed that in the large majority of cases where the two 

measures were different, the recalled value was higher than the calculated value. The fact 

that recalled max was rarely lower than the calculated value is reassuring and suggests that 

recalled max weight is not systematically underreported in these data, which may be 

expected a priori given the well-documented underreporting of self-reported current BMI.

An additional limitation of our study was that the validation was limited to those who 

reported attaining their max weight within the twelve years prior to baseline due to the fact 

that longitudinal data for constructing calculated max BMI were not available beyond this 

interval. In a supplementary analysis comparing sample characteristics by time since max 

BMI, we found that respondents whose reported max weight occurred more than 12 years 

before baseline were similar with respect to race/ethnicity, marital status and educational 

attainment, but slightly older and more likely to be male and current smokers than those 

whose max weight occurred within 12 years of baseline. Studies on recall error generally 

find quality of recall deteriorates with its length, thus this restriction may have led us to 

overestimate the quality of the data.21 A direction for future research is to perform additional 

validations in datasets with more extensive weight histories than those available here in 

order to that the quality of data on max weight can be examined over the entire life course.

Integrating weight history into studies on the health consequences of obesity is challenging 

due to the fact few datasets collect longitudinal data on weight over the life course. In this 

study, we evaluated the validity of a summary measure of weight history—maximum BMI—

for use in epidemiological studies. We found that recalled max BMI was strongly correlated 

with max BMI calculated using longitudinal data over a twelve year period prior to recall, 
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suggesting that this measure can serve as a reliable summary measure of recent weight 

history for use in research on the health consequences of obesity.
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Figure 1. 
Difference between recalled and calculated max BMI by gender
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Figure 2. 
Comparison of the prevalence of normal weight, overweight and obesity for recalled vs. 

calculated maximum BMI by gender
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Table 1

Baseline socio-demographic and behavioral characteristics of the study population

Variables % (SD) or Mean (SE)

Socio-demographics

Female 57.8% (0.6)

Age, Mean (SD) 66.6 (0.1)

Ethnicity

 White/Caucasian 87.9% (0.8)

 Black/African American 9.2% (0.6)

 Other 2.8% (0.4)

Married 74.0% (0.9)

Levels of Education

 LT High School 19.1% (0.9)

 GED 5.3% (0.4)

 High School Graduate 34.7% (0.9)

 Some College 20.7% (0.8)

 College and above 20.2% (1.0)

Lifestyle Behaviors

Smoking

 Never Smoker 39.9% (0.9)

 Former Smoker 47.5% (0.8)

 Current Smoker 12.6% (0.6)

Alcohol (Yes) 50.8% (1.2)

Physical Exercises

 Frequency of light physical activities / week 2.5 (0.02)

 Frequency of moderate physical activities / week 2.8 (0.03)

 Frequency of vigorous physical activities / week 4.0 (0.02)

Alcohol status was defined based on the question “Do you ever drink any alcoholic beverages such as beer, wine, or liquour?

Ann Epidemiol. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Stokes and Ni Page 13

Table 2

Comparison of mean recalled and calculated maximum BMI by gender and age

Female Male

N
Recalled

BMI
Mean (SE)

Calculated
BMI

Mean (SE)
N

Recalled
BMI

Mean (SE)

Calculated
BMI

Mean (SE)

All* 2982 30.6 (0.12) 29.9 (0.11) 2126 30.6 (0.10) 29.9 (0.09)

50-63 995 30.8 (0.25) 30.1 (0.23) 347 31.1 (0.26) 30.2 (0.25)

64-68 1101 30.6 (0.18) 29.9 (0.17) 853 30.9 (0.17) 30.2 (0.17)

69-84 886 30.3 (0.20) 29.8 (0.19) 926 30.1 (0.19) 29.5 (0.18)

*
The age categories were defined based on the 33.3rd and 66.7th percentile values of the distribution of ages in the sample.
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Table 3

Joint distribution of subjects by recalled and calculated prevalence of weight status

Calculated
Class

Recalled Class

Normal
(%)

Over
(%)

Obese I
(%)

Obese II
(%)

Obese III
(%)

Total
(%)

Normal 12.72 3.16 0.0 0.0 0.0 15.88

Over 1.49 33.00 7.03 0.07 0.01 41.61

Obese I 0.06 1.34 20.88 4.69 0.13 27.10

Obese II 0.01 0.02 0.77 7.72 1.98 10.50

Obese III 0.0 0.06 0.12 0.24 4.50 4.92

Total 14.28 37.58 28.80 12.72 6.63 100
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