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BMI and all-cause mortality in older adults: a meta-analysis1–3
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ABSTRACT

Background: Whether the association between body mass index

(BMI) and all-cause mortality for older adults is the same as for

younger adults is unclear.

Objective: The objective was to determine the association between

BMI and all-cause mortality risk in adults $65 y of age.

Design: A 2-stage random-effects meta-analysis was performed of

studies published from 1990 to 2013 that reported the RRs of all-

cause mortality for community-based adults aged $65 y.

Results: Thirty-two studies met the inclusion criteria; these studies

included 197,940 individuals with an average follow-up of 12 y.

With the use of a BMI (in kg/m2) of 23.0–23.9 as the reference,

there was a 12% greater risk of mortality for a BMI range of 21.0–

21.9 and a 19% greater risk for a range of 20.0–20.9 [BMI of 21.0–

21.9; HR (95% CI): 1.12 (1.10, 1.13); BMI of 20.0–20.9; HR (95%

CI): 1.19 (1.17, 1.22)]. Mortality risk began to increase for BMI

.33.0 [BMI of 33.0–33.9; HR (95% CI): 1.08 (1.00, 1.15)]. Self-

reported anthropometric measurements, adjustment for intermedi-

ary factors, and exclusion of early deaths or preexisting disease did

not markedly alter the associations, although there was a slight

attenuation of the association in never-smokers.

Conclusions: For older populations, being overweight was not

found to be associated with an increased risk of mortality; however,

there was an increased risk for those at the lower end of the recom-

mended BMI range for adults. Because the risk of mortality increased

in older people with a BMI ,23.0, it would seem appropriate to

monitor weight status in this group to address any modifiable causes
of weight loss promptly with due consideration of individual comor-

bidities. Am J Clin Nutr 2014;99:875–90.

INTRODUCTION

The WHO defines a healthy body weight range for adults as

a BMI (in kg/m2) between 18.5 and 24.9 on the basis of reduced

mortality risk (1). However, this range has been based primarily
on studies in younger adults, for whom the risks of diabetes,

cardiovascular disease, certain cancers, and mortality associated

with increased body weight are well documented (2).

Because of multiple factors such as physiologic changes as-
sociated with aging, chronic disease, polypharmacy, and psy-

chosocial changes, older adults have an increased risk of

undernutrition (3), which is associated both with increased
mortality (4, 5) and morbidity (6–8). Undernutrition often goes

unrecognized because nutrition assessment is limited to one mea-

sure of BMI or weight. In westernized countries, it is estimated
that more than two-thirds of adults aged .65 y have a BMI of

$25 (9–11). Therefore, it is important to understand the asso-

ciation between BMI and mortality in the older population.

Previous reviews of weight and mortality outcomes in older

adults have concluded that individuals with a BMI in the over-
weight range (ie, 25–29.9) had a similar or lower risk of all-

cause mortality than did those in the normal-weight range (12,

13). These reviews, however, were focused on the risks associ-
ated with overweight or obesity and were less concerned with

the risks associated with a BMI at the lower end of the normal-

weight range. There is some evidence to suggest that not only is
the upper end of the normal-weight range overly restrictive for

older adults but being within the normal range may actually be

associated with greater mortality (14). Therefore, we conducted

a meta-analysis of longitudinal studies in community-based
populations to determine all-cause mortality risk associated with

BMI in those aged 65 y or older.

SUBJECTS AND METHODS

Search strategy

Relevant articles were identified through electronic searches,
suggestions from colleagues based on knowledge of relevant

literature, as well as hand searching of review articles. We
conducted an electronic search of MEDLINE (www.ebscohost.

com/academic/medline-complete) and CINAHL (www.ebsco-

host.com/academic/cinahl) databases as well as the Cochrane
Library (www.thecochranelibrary.com/0/index.html) from 1990

to September 2013. Search term combinations were “body mass

index” OR “BMI” OR “weight” and “mortality” and “old*” OR

“geriatr*” OR “senior”. In addition, we conducted a search of
MEDLINE for review articles published between 2010 and 2013

by using search terms of “body mass index” OR obesity AND

mortality NOT institute* OR hospital* or “nursing home”.
References from these were reviewed for potential relevant

citations. Limits of age $65 y and English-language article were

applied.
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References from reviews and selected articles were also re-
viewed for potential relevant citations. Only articles published in

their full length were considered.

Inclusion and exclusion criteria

Studies identified were prospective cohort studies in com-

munity-living adults aged $65 y. Included studies reported RRs

(relative risk ratios or risk ratios) or HRs and corresponding 95%

CIs of all-cause mortality, had a minimum follow-up period of 5 y,
and had ascertained baseline BMI and smoking status. Studies

were excluded if HRs were reported only for weight in kilograms,

or weight change (rather than BMI), and if they reported ,3
quantitative categories of BMI. Studies in wholly nonwhite

populations were also excluded. Where multiple published reports

from the same study population were available, only the one with
the most detailed information was included, or if similar, the most

recent report. Studies were deemed suitable only if they included
full details of statistical models, including the confounding factors.

Data collection

The search was conducted independently by 2 of the reviewers

(JEW and NW) in April 2011, and differences were resolved by

discussion with a third reviewer (CAN). The search was repeated

in October 2013 to identify any additional studies meeting the
inclusion criteria. Authors were contacted by e-mail if required

to obtain further details of articles that met inclusion criteria.

Results for each study were extracted for maximally adjusted
models. The mean or median value within each category was

typically not provided. For such reports, we used the midpoint as

a proxy for the median for closed categories. For the open-ended
categories, we estimated the median values of BMI by using data

FIGURE 1. Flow diagram of the study selection and exclusion process.
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from NHANES I participants who were aged$65 y. In articles in
which numbers of deaths were not specified, an estimate was

determined from the number of deaths for each BMI category

that would equate to the HRs and CIs stated in the minimally
adjusted model.

Statistical analysis

Extracted HRs were recalibrated if the reference range did not

include a BMI of 23.5. For example, if an article reported results
for only 3 different categories—eg, BMI ,25, 25–29.9, and

$30—and their reference category was 25–29.9, then the HRs

would be recalibrated so that the ,25 group would be the refer-
ence category, as this range includes 23.5, which was our reference

range value and the most common reference-range midpoint

across all studies. A 2-stage random-effects meta-analysis was
used to examine a potential nonlinear relation between BMI and

all-cause mortality risk (15, 16). In the first stage, naturally con-

ducted by authors of the original studies, the HRs for death were

estimated and compared for various BMI groups within each trial.
In the second stage, the authors of the meta-analysis combined the

reported estimates of the HRs from all of the trials by using a

random-effects analysis in which the trials were assumed to be
a random sample from a population of trials (both actual and

potential). Consequently, the resulting combined estimates of the

HRs for the BMI groups take into account both the variation
within trials and the variation between trials. BMI was modeled

by using restricted cubic splines with 3 knots chosen at the 5th,

50th, and 95th percentiles of the distribution (15). Restricted cubic
spline models were initially computed for each study taking

into account the within-study correlation; afterward, a random-

effects meta-analysis was performed by using the regression

coefficients and the variance-covariance matrix from each
individual study (17, 18). This approach allowed assessment of

potential nonlinear relationships as well as statistical heterogeneity

of the dose-response relation across studies. Pooled HRs for each
1-unit increment of BMI were then reported. A BMI of 23.0–23.9

was chosen as the reference. For the full analysis, studies that

reported results only by subgroups of age or sex were combined by
using a within-study fixed-effects meta-analysis to derive common

risk estimates. Separate meta-analyses were performed stratified
by sex, geographical region (North America compared with
Europe), measured compared with self-reported anthropometric

variables, never-smokers, exclusion of early deaths (deaths

within the first 1 to 5 y of follow-up), exclusion of adjustment

for intermediary factors in the obesity-mortality causal pathway
(eg, hypertension, diabetes, or hyperlipidemia), and absence of

preexisting disease. Nonlinearity of the meta-analysis was as-

sessed by testing the null hypothesis that the coefficient of the
second spline was equal to zero. Statistical heterogeneity was

assessed by using multivariate generalization of the I2 statistic (2

cutoff points) (18, 19).
In a separate analysis, we pooled the HRs for each study into 5

broadly defined categories of BMI (,21.0, 21.0–24.9, 25.0–29.9,

30.0–34.9, and $35.0) on the basis of the midpoint of the range

reported, with 21.0–24.9 being chosen as the reference category
because this incorporated the reference category used in the

above nonlinear analysis.

Publication bias was evaluated by using funnel plots and Egger’s
regression test (20). All statistical analyses were performed and

graphs created by using Stata version 11.2 (StataCorp).T
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RESULTS

Study selection

The literature search identified 2959 records, 93 of which were
reviewed for inclusion. After further exclusions based on our
selection criteria, 32 provided sufficient information for data

extraction and analysis and were deemed suitable for inclusion in

the final analysis (Figure 1). The included studies are summa-

rized in Table 1 (13, 14, 21–50). In total, these studies con-
tributed 197,940 individuals (72,469 deaths) with an average

duration of follow-up of 12 y. All were population-based co-

horts, which included participants from Europe, North America,

FIGURE 2. HRs (95% CIs) of all-cause mortality according to BMI for men and women aged $65 y. BMI was modeled with restricted cubic splines in
a random-effects dose-response model. A BMI (in kg/m2) of 23.5 (most common midpoint for the reference BMI category) was used as the reference to
estimate all HRs. The vertical axis is on a log scale.

TABLE 2

Overall and subgroup HRs (95% CIs) of all-cause mortality according to BMI for adults aged $65 y1

BMI (kg/m2) All (32 studies) Men (16 studies2) Women (17 studies3) Never-smokers (9 studies4)

17.0–17.9 1.48 (1.42, 1.55) 1.66 (1.51, 1.82) 1.48 (1.41, 1.54) 1.36 (1.26, 1.45)

18.0–18.9 1.38 (1.33, 1.43) 1.51 (1.40, 1.63) 1.38 (1.33, 1.43) 1.28 (1.21, 1.36)

19.0–19.9 1.28 (1.24, 1.32) 1.38 (1.30, 1.46) 1.28 (1.24, 1.32) 1.21 (1.16, 1.27)

20.0–20.9 1.19 (1.17, 1.22) 1.26 (1.21, 1.31) 1.19 (1.17, 1.22) 1.15 (1.11, 1.19)

21.0–21.9 1.12 (1.10, 1.13) 1.16 (1.13, 1.19) 1.12 (1.10, 1.13) 1.09 (1.07, 1.12)

22.0–22.9 1.05 (1.05, 1.06) 1.07 (1.06, 1.08) 1.05 (1.05, 1.06) 1.04 (1.03, 1.05)

23.0–23.9 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

24.0–24.9 0.96 (0.96, 0.97) 0.95 (0.94, 0.96) 0.96 (0.95, 0.97) 0.97 (0.96, 0.98)

25.0–25.9 0.93 (0.92, 0.94) 0.91 (0.89, 0.92) 0.92 (0.91, 0.94) 0.95 (0.93, 0.96)

26.0–26.9 0.91 (0.90, 0.92) 0.88 (0.86, 0.91) 0.90 (0.89, 0.92) 0.94 (0.92, 0.96)

27.0–27.9 0.90 (0.88, 0.92) 0.87 (0.84, 0.90) 0.89 (0.87, 0.91) 0.94 (0.91, 0.97)

28.0–28.9 0.91 (0.88, 0.93) 0.87 (0.83, 0.91) 0.89 (0.86, 0.92) 0.96 (0.92, 1.00)

29.0–29.9 0.93 (0.90, 0.96) 0.89 (0.84, 0.94) 0.90 (0.87, 0.94) 0.99 (0.93, 1.05)

30.0–30.9 0.95 (0.91, 0.99) 0.91 (0.84, 0.97) 0.92 (0.88, 0.96) 1.02 (0.95, 1.10)

31.0–31.9 0.98 (0.93, 1.03) 0.94 (0.86, 1.02) 0.95 (0.90, 1.00) 1.06 (0.97, 1.17)

32.0–32.9 1.03 (0.97, 1.09) 0.98 (0.88, 1.09) 0.99 (0.93, 1.05) 1.12 (0.99, 1.26)

33.0–33.9 1.08 (1.00, 1.15) 1.04 (0.91, 1.18) 1.03 (0.96, 1.12) 1.20 (1.03, 1.40)

34.0–34.9 1.13 (1.05, 1.23) 1.10 (0.95, 1.28) 1.09 (1.00, 1.19) 1.28 (1.07, 1.54)

35.0–35.9 1.21 (1.10, 1.33) 1.18 (0.98, 1.41) 1.16 (1.05, 1.28) 1.36 (1.11, 1.69)

36.0–36.9 1.28 (1.16, 1.43) 1.25 (1.02, 1.54) 1.23 (1.10, 1.37) 1.45 (1.15, 1.83)

37.0–37.9 1.36 (1.21, 1.52) 1.33 (1.06, 1.66) 1.30 (1.15, 1.46) 1.53 (1.19, 1.97)

1BMI was modeled with restricted cubic splines in a random-effects dose-response model. A BMI (in kg/m2) of 23.0–23.9 was used as the reference to

estimate all HRs.
2–4Studies included in the subgroup analyses: 214, 26, 30, 33, 35, 37, 39–41, 44–50; 314, 25, 30, 31, 33–35, 37, 39, 42, 44–50; 424, 26, 27, 30, 31, 33, 37,

40, 48.
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Canada, and Australia. One article was a pooled analysis of 19
prospective studies, including community-based populations of

predominantly white adults, and reported HRs for all-cause

mortality according to age (70–84 y) and BMI (24).
The authors of 3 studies were contacted to request further

information; however, responses from authors indicated that

these studies did not meet inclusion criteria or the required in-
formation could not be provided (51–53). Of the included

studies, 22 used measured height and weight to calculate BMI,

8 used self-reports, 1 used a mix (depending on the study site),
and 1 used self-reported weight and measured height. In 12 US

studies with a mix of ethnicity, the majority of the subjects were

white, non-Hispanic. Population cohorts of 6 studies included

younger adults; subgroup analyses were presented for adults
aged $65 y. We included one study that had a small pro-

portion of adults aged,65 y at study entry (3% of person-years)

because the authors reported that results “excluding persons
under age 65 years at entry (not shown) were essentially un-

changed” (27).

Association between BMI and all-cause mortality

The association between all-cause mortality and BMI was

found to be U-shaped with a broad base (Figure 2)

(P-nonlinearity , 0.001). The nadir of the curve for BMI and
mortality was between 24.0 and 30.9, with the lowest risk being

between 27.0 and 27.9 (HR: 0.90; 95% CI: 0.88, 0.92). Accord-

ingly, a BMI of 21.0–21.9 had a 12% greater risk of mortality
during the follow-up period compared with the reference BMI

(23.0–23.9). Those individuals with a BMI of #20 had at least
a 28% greater mortality risk than did those with a BMI between

23.0 and 23.9.

Results of analyses restricted to the subset of never-smokers
(n = 51,514) shifted the mortality curve to the left, with the

lowest mortality risk moving from a BMI of 27.0–27.9 to a BMI

of 26.0–26.9 (HR: 0.94; 95% CI: 0.91, 0.97). The increased mor-
tality risk at a BMI of ,23.0 remained (Table 2). There were no

notable differences in results between men and women (Table

2). Analyses of studies using only measured BMIs, no adjustment
for intermediary factors, exclusion of early deaths, or pop-

ulations with no preexisting disease confirmed the association of

an increased risk of mortality at a BMI ,23.0 and .33.0 com-

pared with the reference of 23.0–23.9 (Table 3). Results stratified
by geographic region were similar to those from the full analysis

(results not shown).

When we pooled the HRs for broadly defined categories of
BMI, the results were in concordance with those shown from the

dose-response curves. Compared with the reference category

(BMI of 21.0–24.9), there was a 37% increase in mortality risk
associated with a BMI ,21.0 (HR: 1.37; 95% CI: 1.30, 1.46)

(Figure 3). The overall HR for the BMI range of 25.0–29.9

was 0.90 (95% CI: 0.87, 0.93), for a BMI of 30.0–34.9 the HR

was 0.96 (95% CI: 0.90, 1.02), and for a BMI.35.0 the HR was
1.18 (95% CI: 1.00, 1.39).

There was substantial between-study heterogeneity for study-

specific trends, defined by coefficients of the first (I2 = 69%) and
second (I2 = 63%) spline transformations of BMI. There was

little evidence of funnel plot asymmetry for each of the measures

TABLE 3

HRs (95% CIs) of subgroup analyses for all-cause mortality according to BMI1

BMI

BMI (kg/m2)

No preexisting disease

(8 studies2)

Exclusion of early deaths:

1–5 y (14 studies3)

No adjustment for intermediary

factors (20 studies4)

Self-reported

(10 studies5)

Measured

(22 studies6)

17.0–17.9 1.56 (1.23, 1.98) 1.43 (1.29, 1.58) 1.49 (1.41, 1.56) 1.56 (1.45, 1.68) 1.43 (1.37, 1.48)

18.0–18.9 1.44 (1.18, 1.74) 1.44 (1.23, 1.45) 1.38 (1.32, 1.44) 1.44 (1.35, 1.53) 1.34 (1.29, 1.38)

19.0–19.9 1.32 (1.13, 1.54) 1.25 (1.17, 1.34) 1.28 (1.24, 1.32) 1.32 (1.26, 1.39) 1.25 (1.22, 1.28)

20.0–20.9 1.22 (1.09, 1.36) 1.17 (1.12, 1.23) 1.19 (1.17, 1.22) 1.22 (1.18, 1.26) 1.17 (1.15, 1.20)

21.0–21.9 1.13 (1.05, 1.22) 1.10 (1.07, 1.14) 1.12 (1.10, 1.13) 1.13 (1.11, 1.16) 1.11 (1.09, 1.12)

22.0–22.9 1.06 (1.02, 1.10) 1.05 (1.03, 1.06) 1.05 (1.05, 1.06) 1.06 (1.05, 1.07) 1.05 (1.04, 1.05)

23.0–23.9 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

24.0–24.9 0.96 (0.93, 0.99) 0.97 (0.94, 0.98) 0.96 (0.96, 0.97) 0.96 (0.95, 0.97) 0.96 (0.96, 0.97)

25.0–25.9 0.93 (0.87, 0.98) 0.94 (0.91, 0.97) 0.93 (0.92, 0.94) 0.92 (0.91, 0.94) 0.93 (0.92, 0.95)

26.0–26.9 0.91 (0.84, 0.99) 0.93 (0.89, 0.96) 0.92 (0.90, 0.93) 0.90 (0.87, 0.92) 0.92 (0.90, 0.93)

27.0–27.9 0.91 (0.82, 1.01) 0.92 (0.87, 0.97) 0.91 (0.89, 0.93) 0.89 (0.85, 0.92) 0.91 (0.88, 0.94)

28.0–28.9 0.92 (0.81, 1.04) 0.93 (0.87, 0.99) 0.92 (0.89, 0.95) 0.89 (0.85, 0.94) 0.91 (0.88, 0.95)

29.0–29.9 0.95 (0.83, 1.09) 0.95 (0.88, 1.03) 0.95 (0.91, 0.98) 0.91 (0.86, 0.96) 0.93 (0.89, 0.98)

30.0–30.9 0.99 (0.85, 1.15) 0.98 (0.90, 1.07) 0.97 (0.93, 1.02) 0.93 (0.87, 1.00) 0.95 (0.90, 1.01)

31.0–31.9 1.03 (0.88, 1.22) 1.01 (0.92, 1.11) 1.01 (0.96, 1.07) 0.97 (0.89, 1.05) 0.98 (0.92, 1.06)

32.0–32.9 1.09 (0.92, 1.31) 1.05 (0.95, 1.17) 1.07 (1.00, 1.14) 1.01 (0.92, 1.11) 1.02 (0.94, 1.12)

33.0–33.9 1.19 (0.98, 1.45) 1.11 (0.99, 1.24) 1.13 (1.04, 1.22) 1.07 (0.96, 1.19) 1.08 (0.97, 1.19)

34.0–34.9 1.29 (1.05, 1.59) 1.17 (1.04, 1.32) 1.20 (1.10, 1.32) 1.13 (1.00, 1.28) 1.14 (1.01, 1.28)

35.0–35.9 1.39 (1.11, 1.73) 1.24 (1.09, 1.42) 1.29 (1.16, 1.43) 1.21 (1.05, 1.39) 1.21 (1.06, 1.38)

36.0–36.9 1.49 (1.18, 1.88) 1.31 (1.14, 1.51) 1.38 (1.22, 1.55) 1.29 (1.10, 1.50) 1.27 (1.10, 1.48)

37.0–37.9 1.59 (1.24, 2.02) 1.38 (1.19, 1.60) 1.46 (1.28, 1.67) 1.36 (1.15, 1.61) 1.34 (1.14, 1.58)

1BMI was modeled with restricted cubic splines in a random-effects dose-response model. A BMI (in kg/m2) of 23.0–23.9 was used as the reference to

estimate all HRs.
2–6Studies included in the subgroup analyses: 224, 26, 30, 33, 35, 39, 41, 50; 314, 23–25, 27, 30, 35, 38–40, 46, 47, 49, 50; 413, 14, 24–27, 29–33, 35, 38,

39, 42, 44, 45, 48–50; 521, 23, 24, 27, 32, 33, 35, 39, 49, 50; 613, 14, 22, 25, 26, 28–31, 34, 36–38, 40–48.
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except for the BMI ,21.0 category (Figure 4), where smaller

studies tended to show stronger positive associations than did

larger studies (Egger’s test P = 0.03). Removal of individual
studies one at a time from the analysis did not materially alter

the results (data not shown).

DISCUSSION

The association between all-cause mortality and BMI for
adults aged $65 y was found to be U-shaped with the nadir of

the curve between 24.0 and 30.9. In the past, longitudinal data

have shown varied results regarding BMI and mortality in older

adults. In contrast to our findings, a recent large analysis of 57
studies including nearly 900,000 adults by the Prospective Studies

Collaboration found that each 5-unit increase in BMI above

22.5–25 was associated with a 30% increase in mortality risk, an
increase that persisted in all age groups, although the magnitude

was reduced in the older age groups (54). However, ,2% of the

study population was aged $70 y. Similarly, results published
from the National Cancer Institute Cohort Consortium showed

that adults who were never-smokers and had a BMI of .25 had

an increased risk of mortality at all ages, although for those aged

$70 y (,7% of their population) who had a BMI of 25–27.4,
the increase in mortality was ,5% (24). We found a 4–10%

lower mortality risk for participants in the overweight range

(BMI of 25.0–29.9), with a 21% increase in mortality risk for
the BMI range of 35.0–35.9. Our finding of an overweight BMI

range being associated with lower mortality risk is consistent

with a number of other systematic reviews and analyses. In a

meta-analysis of 32 studies including individuals aged $65 y,

Janssen and Mark (55) found that a BMI in the overweight
range was not associated with an increased all-cause mortality

risk, whereas a BMI in the obese range was associated with only

a 10% increase in mortality risk (HR: 1.10; 95% CI: 1.06, 1.13).

FIGURE 3. HRs (95% CIs) for a BMI (in kg/m2),21.0 compared with a BMI of 21.0–24.9 in relation to all-cause mortality for men and women aged$65 y.
HRs were combined by using a random-effects model. Squares represent study-specific HR estimates (the size of the square reflects the study-specific
statistical weight), horizontal lines represent 95% CIs, and the diamond represents the combined HR (95% CI). ID, identifier.

FIGURE 4. Funnel plot of studies of BMI (in kg/m2) ,21.0 compared
with a BMI of 21.0–24.9 in relation to all-cause mortality for men and
women aged $65 y. Dotted lines are pseudo 95% CIs. The large studies
at the top of the plot were somewhat more symmetrically distributed than the
small studies at the bottom. This indicates publication bias favoring studies
with significant results.
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Heiat et al (12) in an earlier systematic review found that in only
3 of the 13 articles included, a BMI of .27 was a significant
prognostic factor for mortality. Similarly, the recent large meta-

analysis by Flegal et al (56) showed a significant decrease in all-
cause mortality for the overweight .65-y age group, although

these findings have been questioned on the basis that comparison

with a heterogeneous reference group may have underestimated
the RRs associated with higher BMIs.

Results of cohort studies and meta-analyses that have indicated

reduced mortality risk at higher BMIs and increased risk at lower
BMIs among older people have been challenged on the basis of

selective survival, inappropriate adjustment for intermediary

factors in the causal pathway between BMI and mortality, or

inadequate consideration of preexisting illness or smoking status,
all of which can modify the association between BMI and mor-

tality risk (57, 58). However, we found that none of our subgroup

analyses altered the overall BMI mortality association.
The focus of most studies on the BMI-mortality relation in

older adults has been on the RRs of overweight and obesity;

however, our interest was on the “healthy weight range” and its
suitability to older people. Importantly, we found that all-cause

mortality risk started to increase at a BMI of ,23.0, which falls

within the WHO healthy weight range for adults (BMI: 18.5–

24.9). Although slightly attenuated, this increased risk persisted
when the analysis was restricted to never-smokers.

A strength of our study is the large number of individuals

included with a follow-up of at least 5 y. The use of BMI as a
continuous variable and exploring nonlinear associations allowed

an assessment of risks at all BMI points rather than just in broad

groupings and allowed us to specifically look at lower BMI
points. The majority of included studies were large longitudinal

cohort studies with well-documented measures and outcomes.

Although some used self-reported rather than measured weight
and height, this did not affect the results and death is a readily

quantifiable outcome. There was some indication of publication

bias in the lowest category of BMI (,21.0) where it could be that

smaller studies are more likely to be published when the effect
sizes are larger, studies are conducted and analyzed with less

methodologic rigor, or that smaller trials were conducted in pa-

tients at higher risk. However, the only difference we observed
was that in a few studies that used a wide BMI reference range in

their analysis (eg, 18.5–24.9) and had a relatively large proportion

of participants at the lower end of the ,21.0 BMI distribution.
Our analysis has limitations in that we assessed only mortality

risk associated with BMI rather than weight change or body

composition, and weight change may be more important for older
adults in terms of health risks. Some studies have reported that

annual weight loss or gain increased the risk of all-cause mor-

tality in older adults (30, 59, 60), and even in the presence of low

or high BMI, weight stability was associated with reduced mor-
tality risk (61). Significant body composition changes occur with

age that are not captured by BMI, specifically a reduction in lean
body mass and an increase in fat mass with altered distribution,
and increased abdominal fat deposition may increase mortality

risk. Waist circumference and waist-to-hip ratio have both been

shown to have strong associations with mortality in older pop-
ulations (62).We limited our analysis to all-cause mortality rather

than to morbidity or cause-specific mortality, which may have dif-

ferent associations with BMI. We also pooled all of the published

results together to determine mortality risk for adults aged$65 y.

It is likely that for the younger age groups within this range, the
risks of higher BMI are greater than those for the older age groups

(.75 y). We included only predominantly white populations

because the BMI mortality relation may differ according to race
or ethnicity (63); however, similar results have been found in

Asian populations (64). Articles generally did not include stan-

dardized assessments of physical activity, and it may be that a mix
of activity levels of individuals in the BMI categories influenced
our results, but few studies provided details of levels of physical

activity. We have not analyzed the relation between BMI and
morbidity but recognize that carrying significant excess body

weight can reduce mobility in older adults, which may compro-

mise functional capabilities. Further research is required to un-

derstand the relations between morbidity, functionality, and BMI
in older adults because these outcomes are more likely to be

associated with quality of life. Although there are limitations in

using BMI as a measure of body composition, BMI remains the
most commonly used measure of weight status across the spec-

trum of health care settings from acute through primary care;

therefore, understanding how to interpret BMI as it relates to
older adults is important to ensure that appropriate monitoring of

health and nutritional risk is implemented. Dietary restrictions in

older adults have been shown to be associated with an increased

risk of malnutrition (65), suggesting that, in this population, im-
posing restrictions purely on the basis of an elevated BMI is

potentially detrimental.

Our meta-analysis included only older adults living in the
community, and the relation between BMI and mortality may be

different for those in institutionalized or residential care who are

sicker and frailer (66). However, we were interested in un-
derstanding the mortality risks associated with BMI among the

“independent”- living older population, because these are the

likely recipients of dietary advice based on weight status.
Overall, we found a greater mortality risk for those with a BMI

of ,23.0, which was not observed for the BMI in the WHO

overweight range. The increased risk associated with a lower

BMI persisted among never-smokers but was attenuated. The
WHO healthy weight range may not be suitable for older adults,

and the interpretation of BMI for this group should be in the

context of other existing comorbidities and functional capacity.
Monitoring weight status in those individuals with a BMI ,23.0

would seem appropriate to detect weight loss promptly and address

modifiable causes.
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