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Mortality rate and overweight: Overblown or
underestimated? A commentary on a recent
meta-analysis of the associations of
BMI and mortality
Scott W. Keith 1, Kevin R. Fontaine 2, David B. Allison 3,*
ABSTRACT
In this review, we discuss strengths and limitations of a recent rigorous systematic review and meta-analysis of the literature on associations of all-
cause mortality with overweight and obesity. A perspective on its meaning and potential implications are provided. To move this field forward, we
suggest modeling BMI as a continuous variable, switching to modeling longevity instead of mortality, and generating large publicly available datasets
in broad and diverse populations for discerning the extent to which the BMI–mortality relationship differs between groups and over time. Randomized
studies of obesity-related interventions that provide assessments of their actual effects on lifespan or mortality would have great value for helping to
establish valid clinical and public health recommendations around weight loss and mortality.
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1. INTRODUCTION

In their rigorous systematic review, published in the Journal of American
Medical Association, Flegal et al. [1] integrated the available literature on
the associations of all-cause mortality with overweight and obesity using
all studies that met their inclusion criteria. They meta-analyzed results
from 97 studies having reported mortality hazard ratios (HRs) for some,
or all, of the following standard body mass index (BMI: kg/m2)
categories: normal weight (18.5�o25), overweight (25�o30), grade
1 obesity (30�o35), and grades 2 and 3 obesity (BMI≥35). In total,
they analyzed HRs representing over 2.88 million people and concluded
that, in comparison to normal weight, obesity grades 2 and 3 were
associated with increased mortality, while obesity grade 1 was not. They
also found that overweight was associated with decreased mortality.
Herein, we discuss strengths and limitations of this study and provide a
perspective on its meaning and potential implications.
2. DID THE AUTHORS’ PROCEDURES ADEQUATELY
CHARACTERIZE THE ASSOCIATIONS THAT EXIST?

Including studies relying on BMI from self-reported height and weight
(BMISR) was a two-fold strength of the meta-analysis. It increased the
number of studies in the systematic review by roughly 50% and provided
valuable insights on how results from measured BMI (BMIM)–mortality
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studies compare with BMISR–mortality studies. However, Flegal et al. [1] did
not discuss how self-reporting errors may have depended on unmeasured
or unadjusted confounders related to mortality. At least one study [2]
showed an impact on mortality associations from this differential reporting
error bias in nationally representative data on US adults from the National
Health and Nutrition Examination Survey (NHANES) data where both BMIM
and BMISR were available. The reporting errors in the meta-data could
similarly be expected to bias BMISR–mortality associations both upwardly or
downwardly and give the results greater heterogeneity, error variance, and
bias compared to results from using BMIM.
Indeed, the study inclusion criteria chosen by Flegal et al. [1] were broad.
This suggests that the results from their meta-analysis might broadly
represent the general population. Their criteria were also exclusive enough
so that many HRs were controlled for at least age, gender, and smoking
while avoiding HRs diluted by over-adjustment for variables in the causal
pathway between BMI and mortality. Perhaps, though, the included studies
did not adjust well enough for potential sources of confounding and effect
modification. Previously, Flegal et al. [3] used age as time scale and
determined that, based on BMIM from the first three waves of NHANES, the
proportional hazards assumption was not met across attained ages and that
the impact of obesity on mortality may have decreased over time. To
address lack of proportionality, they allowed the categorical BMI-mortality
HR parameters to depend on age by stratifying models by attained age
groups (o60, 60�o70, and ≥70 years) and indicated that the impact of
overweight and obesity on mortality attenuates with age. Even though age
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at BMI assessment was apparently used in the originally published studies
to adjust the included HRs and the meta-analysis was stratified by the age
range of the individual study cohorts, this may not have been sufficient to
correct for biases introduced by meta-analyzing time-fixed estimates of
what were likely age-dependent HRs. In addition, the meta-analysis was not
adjusted for the varying calendar time of the studies included in the
analysis. This could have biased the meta-estimates as a function of the
distribution of calendar time across studies. Some might argue that
analyses of data including ever-smokers or those diagnosed with certain
illnesses (e.g., cancer or cardiovascular diseases) are flawed since these
factors are so strongly related to both weight loss and early mortality. The
trade-off for limiting analyses to subgroups, in an attempt to improve
‘internal validity’ or confidence in a presumed causal inference, is that they
produce results of limited generalizability. It remains unclear if subgroup
analyses in this context actually do improve validity and, if so, where the
balance might be struck, between model adjustments and subgroup
analyses, to optimize validity and generalizability.
While the authors suggest that using BMI categories improves comparability
of results between prospective mortality studies utilizing BMI assessments at
a single initial point (as opposed to as time-varying covariates), it also impairs
the ability to compare those results to results from studies of longitudinal BMI
assessments. To analyze longitudinal changes in BMI, unit changes or
transitions between narrow categories may be used to correlate how weight
gain or weight loss relates to mortality. The wide-ranging BMI categories
meta-analyzed would be of limited use in studies of weight changes because
the likelihood of a given individual making a transition between BMI
categories depends on how close that individual is to the respective boundary
for that transition. The experiences and mortality associated with someone
overweight at BMI¼25 having transitioned to grade 1 obesity might be quite
different from that of an otherwise similar overweight person at BMI¼29
making the same transition over the same time period. Modeling of
the continuous nonlinear, U-shaped, possibly dynamic functional
BMI–mortality relationship could help address this by providing more accurate
estimates and important information about how BMI–mortality results from
data having a single BMI assessment per person might be translated to
longitudinal BMI change–mortality results. However, it might cost in terms of
comparability between studies because of the many alternative approaches
available for characterizing the shape of the association observed—the
results of which could be impossible to meta-analyze effectively without the
raw data.
Karl Popper once wrote “Science may be described as the art of systematic
over-simplification—the art of discerning what we may with advantage
omit.” [4]. Though we have noted some complexities in the estimation of
the BMI–mortality association, we nevertheless agree that, at the level of
complexity at which they constructed their estimates, Flegal et al. [1]
provided a reasonable characterization of the BMI–mortality association.
3. DO THE OBSERVED ASSOCIATIONS ADEQUATELY
REPRESENT THE CAUSAL EFFECTS OF BMI ON MORTALITY?

Stating that Flegal et al.'s findings [1] characterize the association of
BMI categories with mortality to a reasonable degree is different from
discussing causation. The findings reported by Flegal et al. are
associations (‘correlations’) between BMI categories and relative
mortality rates that have been adjusted for some potential confounding
variables. Such associations, like all associations, may or may not
represent causation. We all know the classic phrase “correlation does
not imply causation.” Notably, it is equally true, that “lack of correlation
does not imply lack of causation.”
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One might argue that isolating the causal effects of BMI on mortality with
definitive certainty may be impossible, because men and women cannot be
randomly assigned to have a particular BMI level to determine its effect on
longevity. As such, the results of any observational BMI–mortality study
(whether BMI was assessed at a single time or longitudinally) cannot be
explicitly verified. Regardless of the study design, we cannot determine with
certainty if the differences in BMI between study participants caused
differences in the lengths of their lives. Yet, despite this fact, observational
studies have provided important information.
Few experts doubt that the association of the higher levels of obesity
with increased mortality indicates that a high level of obesity causes
increased mortality. This interpretation is consistent with an over-
whelming body of corroborative evidence [5]. On the other hand, many
conjecture that the observed associations may underestimate the true
causal effect. The primary hypothesis underlying this conjecture is that
extant health status confounds the relationship between BMI and
mortality. Specifically, it seems that healthier people have a greater
tendency to gain weight and less healthy people a greater tendency to
lose weight. Coupled with the fact that healthiness is presumably
positively related to longevity, this all suggests that the deleterious
effects of higher BMIs are likely underestimated [6].
Similarly, though there is no doubt that some body fat is essential [7] and no
doubt that some level of BMI is too low [8], thereby implying that there must
be a concave upward (‘bathtub shaped’) causal curve between BMI and
mortality, whether the base of the causal curve is the same as the base of
the association curve remains the subject of debate. We believe the base of
the causal curve is likely lower than the base of the observed association
curve due to confounding by underlying aspects of health that cannot be fully
observed and controlled for in analyses. We believe this is the most
parsimonious explanation for a wide collection of observations from
epidemiology, clinical trials, and experimental model organism research.
But, but we cannot unequivocally prove our view any more than someone
who believes that the observed association curve does adequately represent
the causal curve can prove the correctness of that view.
4. ARE THE FINDINGS REALLY THAT NEW AND SURPRISING?

The most controversial findings of the meta-analysis were that, relative
to being normal weight, grade 1 obesity was not associated with
elevated mortality and overweight was associated with significantly
lower mortality. Several editorials (e.g., [9]) were critical of certain
aspects of the meta-analysis, suggesting, among other things, that
using a wide-ranging normal weight reference group that contained a
heterogeneous group of people (e.g., physically active, smokers, those
with cancer or other conditions that cause weight loss, frail elderly
people) may have produced biased findings that are misleading for
people interested in what constitutes a healthy or optimal weight.
Although the absence of a deleterious association between grade
1 obesity and mortality is somewhat novel, many previous studies (e.
g., [10–13]) have found overweight is not associated with increased
mortality and in some cases with decreased mortality. From a public
health perspective, it is not hard to imagine that the aggressive
management of obesity-related co-morbidities has, over time, served
to attenuate the magnitude of both the overweight- and grade 1 obesity–
mortality associations.
Flegal et al.'s findings [1] in no way suggest that overweight and grade
1 obesity are not serious health concerns. Some commentators have
criticized Flegal et al. on those grounds, but that is a misguided criticism
as Flegal et al.'s meta-analysis was not about general health, it was only
OLISM 2 (2013) 65–68 & 2013 Elsevier GmbH. All rights reserved. www.molecularmetabolism.com



about mortality. Clearly one can live a long life marked by suffering,
disability, and illness and there is some evidence that such is often the
outcome of obesity [14]. So, we should not be cavalier about the effects
of overweight or grade 1 obesity on health and quality of life, and Flegal
et al.'s analyses do not suggest otherwise.
5. SOME SUGGESTIONS FOR GOING FORWARD

There are many things we can do to move this field forward. First, with
respect to the conduct and analysis of observational epidemiologic
studies, there can be many improvements made in measurement,
including using better measures of body composition [15]. Modeling BMI
as a continuous variable rather than in categories is more informative
and subject to fewer biases [16]. Although we, like Flegal et al.,
sometimes use BMI as a categorical variable to make our results
comparable to others, in the long run we think it will be best to always
model BMI as a continuous variable, and use ‘knotted’ regressions, if
such methods can be refined and made more accessible, as they
provide a hybrid of the best features of continuous and categorical
modeling [17]. Switching to modeling longevity per se, as opposed to
hazard ratios (for example by switching to parametric survival analyses),
offers a method of analyzing BMI and mortality data that produces
results which are, in many cases, more interpretable for most non-
statisticians (and even for many statisticians) than are hazard ratios [18].
Finally, large datasets in broad and diverse populations need to continue
to be generated, made publically available, and analyzed so we may
better discern the extent to which the BMI–mortality relationship differs
between groups and over time [19].
There is also a clear need for randomized studies of obesity-related
interventions intended to increase lifespan and an assessment of their actual
effects on lifespan or mortality. Such studies have begun to emerge (e.g.,
[20]), but several that were planned were discontinued (e.g., [21]) for various
reasons. Hence, though the model organism data are quite supportive [22],
we do not yet have convincing data from randomized controlled trials in
humans that methods used for promoting weight loss among obese persons
prolong life. Although such trials cannot unambiguously separate the effects
of a weight loss treatment on longevity from the effects of weight loss per se
on longevity [23], such trials would nevertheless have great value for helping
to establish valid clinical and public health recommendations around weight
loss and mortality.
FUNDING/SUPPORT

This was supported in part by NIH Grant P30DK056336. The opinions
expressed are those of the authors and not necessarily the NIH or any
other organization.
CONFLICT OF INTEREST

None declared.
REFERENCES

[1] Flegal, K.M., Kit, B.K., Orpana, H., and Graubard, B.I., 2013. Association of all-

cause mortality with overweight and obesity using standard body mass index
MOLECULAR METABOLISM 2 (2013) 65–68 & 2013 Elsevier GmbH. All rights reserved. www.molec
categories: a systematic review and meta-analysis. Journal of American Medical

Association 309:71–82.

[2] Keith, S.W., Fontaine, K.R., Pajewski, N.M., Mehta, T., and Allison, D.B., 2011.

Use of self-reported height and weight biases the body mass index-mortality

association. International Journal of Obesity (London) 35:401–408.

[3] Flegal, K.M., Graubard, B.I., Williamson, D.F., and Gail, M.H., 2005. Excess

deaths associated with underweight, overweight, and obesity. Journal of

American Medical Association 293:1861–1867.

[4] Popper, K., 1988. The open universe: an argument for indeterminism from the

postscript to the logic of scientific discovery. Psychology Press, New York.

[5] Fontaine, K.R., Keith, S.W., Greenberg, J.A., S., O.J., and Allison, D.B., 2009.

Obesity's final toll: influence on mortality rate, attributable deaths, years of life

lost and population life expectancy. In: Preedy, V.A., Watson, R.R. (Eds.),

Handbook of disease burden and quality of life measures. Springer Verlag,

Heidelberg (Germany), pp. 1085–1105.

[6] Brock D.W., Keith S.W, Elobeid MA, Allison DB. Does intentional weight loss

influence mortality and other hard endpoints favorably? Confessions of a closet

Bayesian and occam-ite. In: Proceedings of the 2006 international congress on

obesity, Sydney, Australia; 2007. p. ISO111.

[7] Moitra, J., Mason, M.M., Olive, M., Krylov, D., Gavrilova, O., Marcus-Samuels, B.,

et al., 1998. Life without white fat: a transgenic mouse. Genes & Development

12:3168–3181.

[8] Henry, C.J.K., 2001. The biology of human starvation. British Nutrition

Foundation Nutrition Bulletin 26:205–211.

[9] Heymsfield, S.B., and Cefalu, W.T., 2013. Does body mass index adequately

convey a patient's mortality risk? Journal of American Medical Association

309:87–88.

[10] Andres, R., Muller, D.C., and Sorkin, J.D., 1993. Long-term effects of change in

body weight on all-cause mortality. A review. Annals of Internal Medicine

119:737–743.

[11] Waaler, H.T., 1984. Height, weight and mortality. The Norwegian experience.

Acta Medica Scandinavica Supplementum 679:1–56.

[12] Troiano, R.P., Frongillo, E.A., Jr., Sobal, J., and Levitsky, D.A., 1996. The

relationship between body weight and mortality: a quantitative analysis of

combined information from existing studies. International Journal of Obesity and

Metabolic Disorders 20:63–75.

[13] Allison, D.B., Fontaine, K.R., Manson, J.E., Stevens, J., and VanItallie, T.B.,

1999. Annual deaths attributable to obesity in the United States. Journal of

American Medical Association 282:1530–1538.

[14] Walter, S., Kunst, A., Mackenbach, J., Hofman, A., and Tiemeier, H., 2009.

Mortality and disability: the effect of overweight and obesity. International

Journal of Obesity (London) 33:1410–1418.

[15] Allison, D.B., Faith, M.S., Heo, M., and Kotler, D.P., 1997. Hypothesis

concerning the U-shaped relation between body mass index and mortality.

American Journal of Epidemiology 146:339–349.

[16] Fontaine, K.R., and Allison, D.B., 2004. Obesity & mortality rates. In: Bouchard, C.,

James, W.P.T., Bray, G.A. (Eds.), Handbook of obesity, 2nd ed. Marcel Dekker, Inc,

New York, p. 767–85.

[17] Bigaard, J., Frederiksen, K., Tjonneland, A., Thomsen, B.L., Overvad, K.,

Heitmann, B.L., et al., 2004. Body fat and fat-free mass and all-cause mortality.

Obesity Research 12:1042–1049.

[18] Robertson, H.T., Campos, Gde L., and Allison, D.B., 2013. Turning the analysis

of obesity–mortality associations upside down: modeling years of life lost

through conditional distributions. Obesity (Silver Spring) 21:398–404.

[19] Fontaine, K.R., McCubrey, R., Mehta, T., Pajewski, N.M., Keith, S.W., Bangalore,

SS, et al., 2012. Body mass index and mortality rate among Hispanic adults: a

pooled analysis of multiple epidemiologic data sets. International Journal of

Obesity (London) 36:1121–1126.

[20] Shea, M.K., Houston, D.K., Nicklas, B.J., Messier, S.P., Davis, C.C., Miller, M.E.,

et al., 2010. The effect of randomization to weight loss on total mortality in older
ularmetabolism.com 67



Review
overweight and obese adults: the ADAPT Study. Journals of gerontology A:

Biological sciences and medical sciences 65:519–525.

[21] Caterson, I.D., Finer, N., Coutinho, W., Van Gaal, L.F., Maggioni, A.P., Torp-

Pedersen, C., et al., 2012. Maintained intentional weight loss reduces

cardiovascular outcomes: results from the Sibutramine Cardiovascular OUT-

comes (SCOUT) trial. Diabetes, Obesity and Metabolism 14:523–530.

[22] Vasselli, J.R., Weindruch, R., Heymsfield, S.B., Pi-Sunyer, F.X., Boozer, C.N., Yi, N.,

et al., 2005. Intentional weight loss reduces mortality rate in a rodent model of

dietary obesity. Obesity Research 13:693–702.
68 MOLECULAR METAB
[23] Yanovski, S.Z., Bain, R.P., and Williamson, D.F., 1999. Report of a national

institutes of health—centers for disease control and prevention workshop on the

feasibility of conducting a randomized clinical trial to estimate the long-term

health effects of intentional weight loss in obese persons. American Journal of

Clinical Nutrition 69:366–372.
OLISM 2 (2013) 65–68 & 2013 Elsevier GmbH. All rights reserved. www.molecularmetabolism.com


	Mortality rate and overweight: Overblown or underestimated? A commentary on a recent meta-analysis of the associations of...
	Introduction
	Did the authors' procedures adequately characterize the associations that exist?
	Do the observed associations adequately represent the causal effects of BMI on mortality?
	Are the findings really that new and surprising?
	Some suggestions for going forward
	Funding/support
	Conflict of interest
	References




