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Abstract
Background: Associations of weight changes and intentionality of weight loss with longevity are not well described.

Methods: Using longitudinal data from the Women's Health Initiative (N = 54 437; 61-81 years), we examined associations of weight changes
and intentionality of weight loss with survival to ages 90, 95, and 100. Weight was measured at baseline, year 3, and year 10, and participants
were classified as having weight loss (5% decrease from baseline), weight gain (>56% increase from baseline), or stable weight (<5% change
from baseline). Participants reported intentionality of weight loss at year 3.

Results: A total of 30 647 (56.3%) women survived to >90 years. After adjustment for relevant covariates, 3-year weight loss of >5% vs stable
weight was associated with lower odds of survival to ages 90 (OR, 0.67; 95% Cl, 0.64-0.71), 95 (OR, 0.65; 95% Cl, 0.60-0.71), and 100 (OR,
0.62; 95% ClI, 0.49-0.78). Compared to intentional weight loss, unintentional weight loss was more strongly associated with lower odds of
survival to age 90 (OR, 0.83; 95% Cl, 0.74-0.94 and OR, 0.49; 95% ClI, 0.44-0.55, respectively). Three-year weight gain of >5% vs stable weight
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was not associated with survival to age 90, 95, or 100. The pattern of results was similar among normal weight, overweight, and obese women

in body mass index (BMI)-stratified analyses.

Conclusions: Weight loss of >5% vs stable weight was associated with lower odds of longevity, more strongly for unintentional weight loss
than for intentional weight loss. Potential inaccuracy of self-reported intentionality of weight loss and residual confounding were limitations.

Keywords: Longevity, Obesity, Successful aging

Findings on the relationship between weight change and mor-
tality have been inconsistent due, in part, to differences in the
ages at which weight changes occurred and the need to consid-
er intentionality of weight loss (1-15). Studies among National
Health and Nutrition Examination Survey participants found
that moving from nonobese to obese between young and
middle adulthood was associated with 22% higher risk of
mortality, and that weight loss from obese to overweight was
associated with 54% lower risk of mortality (3,13). Weight
changes from early to middle adulthood are related to many
significant health outcomes, including healthy aging. For ex-
ample, in the Nurses” Health and Health Professionals Follow-
up studies, a moderate amount of weight gain (2.5 to <10 kg)
from early to middle adulthood was associated with 22% and
12% lower odds of being free of 11 chronic diseases and cog-
nitive and physical impairment later in life in women and men,
respectively (15). However, these studies did not consider in-
tentionality of weight loss. Some studies have shown lower
mortality rates in adults reporting intentional weight loss, and
higher mortality rates in those reporting unintentional weight
loss (16,17). Others have reported no associations of inten-
tional weight loss with mortality among adults (17,18).

The association of weight changes with mortality may differ
for older adults, given decreases in muscle mass and increases
in fat mass that occur with aging (19). Some have found that
both weight gain and loss vs stable weight are associated with
higher mortality in older adults, whereas others have reported
no associations of weight gain with mortality (1,9,10). A study
in the Baltimore Longitudinal Study of Aging cohort showed
that weight loss accelerated an average of 9 years before death
and that weight loss trajectories varied according to cause of
death, with weight loss accelerating in the 3 years prior to
death from cancer and 5 or more years before death due to
cardiovascular disease (20). Yet, to our knowledge, no prior
study has determined whether later life weight changes were
associated with exceptional longevity. This is due to the exis-
tence of few cohorts with large numbers of participants who
have been followed long enough to reach exceptional ages.

Therefore, we examined associations of short-term (3-year)
and long-term (10-year) weight changes with survival to ages
90, 95, and 100 among older women. We also examined
whether intentional and unintentional weight loss differed in
their associations with survival to these ages.

Method

Study Participants

The Women’s Health Initiative (WHI) is a prospective study
investigating major determinants of chronic diseases among
postmenopausal women (21). A cohort of 161 808 post-
menopausal women ages 50-79 years were recruited during
1993-1998 across 40 U.S. clinical centers into an observa-
tional study (OS; N =93 676) or one or more of 3 clinical
trials (CT; N = 68 132), which included 2 hormone therapy
trials, a dietary modification trial, and a calcium plus vitamin
D supplementation trial.

We examined observational study (OS) and clinical trial
(CT) women with weight measured at baseline and year 3
(N =120 411). We restricted analyses to women born on or
before February 19, 1932, with the potential, due to birth
year, to survive to age 90 during follow-up ending February
19, 2022, and with complete information on survival status
(N = 54 783). After excluding 346 women who died within
the first year of the year 3 visit to minimize bias due to reverse
causation (eg, due to preexisting illness), the final analytic
cohort consisted of 54 437 women (Supplementary Figure 1).
Analyses for survival to ages 95 and 100 were restricted to
a subset born on or before February 19, 1927 (N =28 014)
and February 19, 1922 (N =9 050), respectively. This study
was approved by the Institutional Review Board of the Fred
Hutchinson Cancer Research Center. Each participant pro-
vided written informed consent.

Clinical trial (but not OS) women had weight measured
every year from 1993 to 2005. Among these women, we addi-
tionally examined weight changes from baseline to the clinic
visit approximately 10 years later (= 2 years) among women
69-85 years at year 10, to allow a minimum of 5 years of
follow-up to 290 years (N = 6 661; Supplementary Figure 2).

Assessment of Weight Changes

Weight and height were measured at the clinic using stan-
dardized protocols. The primary exposure was change in
body weight from baseline to year 3 (x 90 days). We classified
each woman’s change in body weight into 1 of 3 categories, as
previously described: (1) weight loss (decrease of 5% from
baseline); (2) weight gain (increase of >5% from baseline);
and (3) stable weight (<5% change from baseline) (22). Ten-
year changes from baseline used similar categories.
Intentionality of weight loss was assessed among OS partic-
ipants only at the year 3 visit with the following 2 questions:
(1) “In the past two years, did you lose five or more pounds
[about >2.2 kg] not on purpose at any time” and (2) “In the
past two years, did you lose five or more pounds on purpose
at any time?” We classified these variables as unintentional
and intentional weight loss, respectively. We restricted these
analyses to women with objectively confirmed weight loss
between baseline and year 3 who reported either intentional
or unintentional weight loss, but not both, to aid in the inter-
pretation of findings (N =3 123; Supplementary Figure 1).
Participants also reported behavioral changes for intentional
weight loss (eg, diet, and exercise) and potential reasons for
unintentional weight loss (eg, stress and depression).

Outcomes

For the main outcome, women were classified as having sur-
vived to age 90 or died before this age. We also examined
survival to ages 95 and 100 versus death before these ages.
Deaths were verified by trained physician adjudicators using
hospital records, autopsy or coroner’s reports, or death cer-
tificates. Periodic linkage to the National Death Index was
performed for all participants, including those who were lost
to follow-up, for verification if death certificates or medical
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records were not available. Survival status was ascertained for
96.3% of participants.

Statistical Analysis

Normally and nonnormally distributed covariates were com-
pared across 3-year weight change categories using ANOVA
and Kruskal-Wallis tests, respectively. Categorical variables
were compared across weight change categories using Chi-
square tests.

The association between 3-year weight change and survival
to age 90, 95, or 100 years was examined using multivariable
logistic regression models. This approach to examining longev-
ity is different from evaluating time to mortality. When exam-
ining mortality, or the rate of death irrespective of survival to
any given age, the extent to which an exposure predicts survival
to old age cannot be determined. In a mortality analysis, more
weight is given to earlier-age deaths than later ones because
those who do not die are censored. Our approach allows us to
examine predictors of survival to the milestone ages of 90, 95,
and 100, similar to our previous studies (23,24).

Models were adjusted for confounders selected from the
literature on weight change and mortality, including baseline
age, study component (OS or CT), race, ethnicity, education,
marital status, alcohol consumption, smoking, diet quality
measured using the Healthy Eating Index-20135, total physical
activity (summarized into metabolic equivalent hours/week),
physical function measured using the Rand 36-item Health
Survey, body mass index (BMI), and comorbidities including
coronary heart disease, diabetes, stroke, cancer, emphysema,
and hypertension (2,3,9-11,14,15,25,26). We also examined
the association of 10-year weight change with survival in
separate models adjusted for these factors. Associations of
intentional and unintentional weight loss with survival were
examined using a similar approach.

Interactions between baseline BMI and weight changes
were analyzed by examining the statistical significance of
the cross-product term of weight change and BMI. BMI was
categorized as underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), or obese
(230 kg/m?); however, we only examined the latter 3 catego-
ries in interaction analyses, as few women were underweight.
We also examined interactions with age (<70 vs >70 years),
as weight loss is more common in older relative to younger
adults (27), and smoking status (ever vs never), given that
smoking is a major confounder in the association of weight
with longevity (15). Interaction analyses were focused on sur-
vival to age 90, as this outcome was our main focus.

We performed several sensitivity analyses. To determine
whether findings were due to reverse causation, we (1)
excluded women with a history of any comorbidity listed
above (7 =10 878) and (2) removed women who died within
the first 4 years of follow-up after the year 3 visit (n = 1 324).
These latter analyses were limited to 3-year weight change
analyses, given that 10-year weight change analyses would be
more vulnerable to selection bias if we removed women who
died after the year 10 visit. We sought to stratify findings by
hospitalizations between baseline and year 3 (collected annu-
ally among OS participants and semiannually among CT par-
ticipants), given that fluctuations in weight may be explained
by other comorbidities that we did not examine; however, the
number of hospitalizations was too low for stratification. We
adjusted for (1) the trial arms of the WHI Dietary Modification
Trial, which had previously demonstrated weight loss among

those in the low-fat dietary intervention arm and (2) the trial
arms of the Calcium Plus Vitamin D Supplementation Trial,
which had shown small but significant weight reduction in
the intervention arm (28,29). Finally, given that weight loss is
associated with higher risk of dementia, we adjusted findings
for incident cognitive impairment to determine whether this
condition is a potential explanation for associations of weight
changes with longevity (30). After 2005, cognitive impair-
ment was ascertained by annual surveillance of self-reported
moderate or severe memory problems or physician-diagnosed
dementia or Alzheimer’s disease prior to age 90.

p Values were 2-sided and considered statistically signifi-
cant at p < .085. Statistical analyses were performed using SAS
OnDemand for Academics (SAS Institute, Cary, NC).

Results

Participants had a mean baseline age of 69.8 years (SD = 3.9;
range = 61.0-81.0 years). Overall 89.5% were White;
5.7% Black; 2.7% Asian; 1.0% more than one race; 0.2%
American Indian/Alaskan Native; 0.1% Native Hawaiian/
Other Pacific Islander; 0.9% unknown/not reported; and
2.5% Hispanic/Latino. Among the 54 437 women born on
or before February 19, 1932, 30 647 (56.3%) survived to age
90. Among the 28 014 women born on or before February 19,
1927, 8 140 (29.1%) survived to age 95. Among the 9 050
women born on or before February 19, 1922, 829 (9.2%)
survived to age 100.

In the analytic population (N = 54 437), between baseline
and year 3, 68.1% had stable weight; 17.0% had weight
loss of 25%; and 14.9% had weight gain of 25%. Among
those with confirmed weight loss, 3 123 women reported on
whether they were trying to lose weight during the interval;
among these, 1 449 (46.4%) reported intentional weight
loss, and 1 674 (53.6%) reported unintentional weight loss.
Among women with measured weight between baseline and
year 10 (N = 6 661; mean age at year 10, 76.8 [SD 3.5] years),
46.8% had stable weight, 34.9% had weight loss of 25%,
and 18.3% had weight gain of >5%.

Relative to women who experienced 3-year weight loss
or weight gain, women with stable weight were less likely
to be Black, be current smokers, and have major comorbid-
ities (Table 1). Women who reported intentional weight loss
were less physically active, had lower physical function, and
were more likely to have hypertension and diabetes relative
to other weight categories (Supplementary Table 1). Women
who reported unintentional weight loss were more likely to
be older, Black, less educated, obese, less physically active,
and have major comorbidities relative to other weight catego-
ries (Supplementary Table 2).

Three- and 10-year weight change categories significantly
differed in the proportion of participants who survived to ages
90, 95, and 100, with the highest proportion among those with
stable weight (Tables 2—4). For example, the proportions of sur-
vivors to age 90 for 3-year weight change categories were as
follows (p < .001): stable, 58.7%; gain, 55.0%; and loss, 47.9%.
Survival to age 90 was higher among women with intentional
(51.4%) relative to unintentional (41.3%) weight loss (Table 2).

Weight Loss

Three-year weight loss of 25% vs stable weight was associ-
ated with 33% lower odds (OR, 0.67; 95% CI, 0.64-0.71)
of survival to age 90, 35% lower odds (OR, 0.65; 95% CI,
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Table 1. Baseline Characteristics by Weight Change Category Between Baseline and Year 3

Characteristic Stable Weight" Weight Loss” Weight Gain® p Value
Age at baseline, mean (SD), y 69.8 (3.9) 70.2 (4.0) 69.3 (3.7) <.001
Race, no. (%)
White 33307 (89.8) 8239 (89.2) 7193 (88.5)
Black 2001 (5.4) 582 (6.3) 502 (6.2)
American Indian/Alaskan Native 5(0.2) 5(0.3) 12 (0.2)
Native Hawaiian/Other Pacific Islander 4 (0.04) 5(0.05) 10 (0.1) <.001
Asian 1011 (2.7) 190 (2.1) 243 (3.0)
More than one race 357 (1.0) 101 (1.1) 82 (1.0)
Unknown/not reported 312 (0.8) 2 (1.0) 84 (1.0)
Ethnicity, no. (%)
Not Hispanic/Latino 35971 (97.0) 8 942 (96.8) 7 848 (96.6)
Hispanic/Latino 903 (2.4) 224 (2.4) 225 (2.8) .08
Unknown/not reported 203 (0.6) 68 (0.7) 53(0.7)
Education, no. (%)
Less than high school 1858 (S. ) 585 (6. ) 475 (5. )
High school 6980 (18. 1700 (18. 1547 (19.
Some college 14 039 (38. 3520 (38. ) 3178 (39. ) <.001
College graduate 13977 (37 9 3370 (36.7) 2 881 (35.7)
Income, no. (%)
<$20 000 6 869 (20.0) 2 026 (23.5) 1715 (22.8)
$20 000 to <$50 000 17 800 (51.7) 4476 (52.0) 3915 (52.0) <.001
>$50 000 9743 (28.3) 2 114 (24.5) 1899 (25.2)
Marital status, no. (%)
Married/living as married 21 620 (58.5) 5163 (56.2) 4330 (53.5)
Widowed 9735 (26.4) 2526 (27.5) 2324 (28.7)
Divorced/separated 4092 (11.1) 1086 (11.8) 1108 (13.7) <.001
Never married 1482 (4.0) 410 (4.5) 330 (4.1)
Hormone therapy use, no. (%)
Never used 13 411 (37.2) 3530 (39.6) 2907 (36.8)
Past user 9631 (26.7) 2434 (27.3) 2149 (27.2) <.001
Current user 12 982 (36.0) 2951 (33.1) 2855 (36.1)
Smoking status, no. (%)
Never smoked 20 005 (54.7) 4923 (54.1) 4178 (52.3)
Past smoker 15 111 (41.3) 3682 (40.5) 3283 (41.1) <.001
Current smoker 1481 (4.1) 495 (5.4) 535 (6.7)
Alcohol consumption, no. (%)
Nondrinker 4299 (11.7) 1202 (13.2) 971 (12.0)
Past drinker 6493 (17.6) 1814 (19.8) 1642 (20.3) <.001
Current drinker 26 021 (70.7) 6128 (67.0) 5458 (67.6)
Body mass index, kg/m?, no. (%)
Underweight 351 (1.0) 4 (0.7) 137 (1.7)
Normal weight 13 903 (37.6) 2432 (26.9) 3169 (39.1)
Overweight 13 371 (36.1) 3329 (36.9) 2932 (36.2) <001
Obese 9383 (25.4) 3210 (35.5) 1864 (23.0)
Total physical activity, MET-h/wk, mean (SD) 13.3(13.7) 11.1(12.3) 13.2 (14.1) <.001
HEI-20135 diet quality score, mean (SD) 67.0 (10.1) 65.3 (10.1) 66.9 (10.2) <.001
Physical function score, mean (SD) 79.8 (19.1) 75.1(21.6) 78.6 (20.0) <.001
Comorbidities, no. (%)
Coronary heart disease 1014 (2.7) 341 (3.7) 289 (3.6) <.001
Stroke 534 (1.4) 180 (2.0) 144 (1.8) <.001
Hypertension 18 481 (51.7) 5054 (57.1) 4098 (52.3) <.001
Diabetes 1456 (3.9) 523 (5.7) 380 (4.7) <.001
Cancer 3618 (9.9) 959 (10.6) 783 (9.8) 13
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Table 1. Continued

Characteristic Stable Weight" Weight Loss” Weight Gain® p Value
Emphysema 1271 (3.6) 436 (5.1) 318 (4.1) <.001

Hospitalized from baseline to year 3* 216 (1.9) 72 (2.6 42 (1.8) .05

Incident cognitive impairment* 5140 (18.2) 1343 (21.0) 1095 (18.0) <.001

Notes: Total N = 54 437 (37 077 with stable weight; 9 234 with weight loss; 8 126 with weight gain). Sample sizes for each column may not add up to total

due to missing data. SD = standard deviation.

“Weight loss (a decrease of 5% or more from baseline); weight gain (an increase of 5% or more from baseline); and stable weight (change of less than 5%

from baseline).

tMedical history update assessing hospitalization was sent annually to OS participants and semiannually to clinical trials participants (total respondents:

11 290 for stable weight; 2 782 for weight loss; and 2 360 for weight gain).

*Question was collected after 2005 (total respondents: 28 193 for stable weight; 6 389 for weight loss; and 6 085 for weight gain).

Table 2. Multivariable Associations of Weight Change With Survival to Age 90 vs Death Before Age 90 Among Older Women, 1993 to 2022

Variable

No./Total (%)
Survived to Age 90,y

OR (95% CI)f

No./total (%) survived to age 90
3-Y weight change

30 647/54 437 (56.3)

Stable weight (within = 5% change) 21754137 077 (58.7) 1.00
Weight loss (25%) 4422/9 234 (47.9) 0.67 (0.64,0.71)
Intentional* 745/1 449 (51.4) 0.83 (0.74, 0.94)
Unintentional? 692/1 674 (41.3) 0.49 (0.44, 0.55)
Weight gain (25%) 4471/8 126 (55.0) 0.95 (0.90, 1.00)
10-Y weight change
Stable weight (within = 5% change) 2 003/3 120 (64.2) 1.00

Weight loss (25%)
Weight gain (25%)

1187/2 325 (51.1)
74711 216 (61.4)

0.60 (0.52, 0.69)
1.09 (0.91, 1.31)

“Three-year and 10-year weight change categories significantly differed by survival to age 90 (p <.001).

tModels adjusted for age, study component (Observational Study [OS] or Clinical Trial), race, ethnicity, education, marital status, alcohol, smoking, diet
quality, physical activity, physical function, body mass index, coronary heart disease, diabetes, stroke, cancer, emphysema, and hypertension.

‘Intention of weight loss was reported at year 3 among women from the OS component only.

0.60-0.71) of survival to age 95, and 38% lower odds (OR,
0.62;95% CI, 0.49-0.78) of survival to age 100 (Tables 2—4).
Ten-year weight loss of >5% vs stable weight was associated
with 40% lower odds (OR, 0.60; 95% CI, 0.52-0.69) of sur-
vival to age 90 and 49% lower odds (OR, 0.51; 95% CI,
0.41-0.63) of survival to age 95 (Tables 2 and 3). These odds
ratios, if inverted, also revealed that stable weight increased
the odds of longevity by 1.2 to 2-fold for survival to ages 90
to 100 if we use weight loss (either intentional or uninten-
tional) as a comparison group. We did not examine 10-year
weight change in relation to survival to age 100 due to inad-
equate sample size.

Associations with survival were stronger when weight
loss was reported to be unintentional vs intentional (Tables
2 and 3). For example, intentional weight loss from base-
line to year 3 was associated with 17% lower odds (OR,
0.83; 95% CI, 0.74-0.94) of survival to age 90, whereas
unintentional weight loss was associated with 51% lower
odds (OR, 0.49; 95% CI, 0.44-0.55) of survival to this
age. The main self-reported behaviors for intentional
weight loss were change in diet (85.7%), increase in exer-
cise (56.4%), and participation in a commercial weight
loss program (16.7%) (Supplementary Table 9). The main
self-reported reasons for unintentional weight loss were ill-
ness (34.4%), loss of appetite (28.8%), and stress (22.9%)
(Supplementary Table 10).

Among 9 234 women who experienced weight loss between
baseline and year 3, 1 236 had information on weight at year
10. Among these, 315 (25.5%) had weight loss of >5% at
year 10, whereas 545 (44.1%) had stable weight and 376
(30.4%) had weight gain of >5% at year 10.

Weight Gain

Three-year weight gain of >5% vs stable weight was not
significantly associated with survival to age 90, 95, or 100
(Tables 2-4). Ten-year weight gain of 25% was not signifi-
cantly associated with survival to age 90 or 95 (Tables 2 and
3); it was not examined in relation to survival to age 100 due
to inadequate sample size.

Interactions With BMI, Age, and Smoking

In BMlI-stratified analyses, 3-year weight loss of >5% was
associated with 41% (OR, 0.59; 95% CI, 0.53-0.65), 35%
(OR, 0.65; 95% CI, 0.60-0.71), and 22% (OR, 0.78; 95%
CIL, 0.71-0.85) lower odds of survival to age 90 among
normal weight, overweight, and obese women, respectively
(Supplementary Table 3; interaction p <.001). In the smaller
subgroup with data on intentionality, intentional weight loss
was associated with reduced odds of survival to age 90 in
normal weight, overweight, and obese women, but the confi-
dence interval excluded one only for overweight women due
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Table 3. Multivariable Associations of Weight Change With Survival to Age 95 vs Death Before Age 95 Among Older Women, 1993 to 2022

Variable

No./Total (%)
Survived to Age 95, y"

OR (95% CI)*

No./total (%) survived to age 95
3-Y weight change
Stable weight (within = 5% change)
Weight loss (>5%)
Intentional*
Unintentional*
Weight gain (25%)
10-Y weight change
Stable weight (within = 5% change)
Weight loss (>5%)
Weight gain (25%)

8 140/28 014 (29.1)

5974/19 098 (31.3) 1.00
1123/5 191 (21.6) 0.65 (0.60, 0.71)
166/687 (24.2) 0.77 (0.63, 0.94)
175/1 096 (16.0) 0.44 (0.37, 0.53)
1.043/3 725 (28.0) 0.94 (0.86, 1.02)

562/1 476 (38.1) 1.00

342/1 347 (25.4)
174/501 (34.7)

0.51 (0.41, 0.63)
0.85 (0.64, 1.12)

“Three-year and 10-year weight change categories significantly differed by survival to age 95 (p <.001).

Models adjusted for age, study component (Observational Study [OS] or Clinical Trial), race, ethnicity, education, marital status, alcohol, smoking, diet
quality, physical activity, physical function, body mass index, coronary heart disease, diabetes, stroke, cancer, emphysema, and hypertension.

fIntention of weight loss was reported at year 3 among women from the OS component only.

Table 4. Multivariable Association of 3-Year Weight Change With Survival to Age 100 vs Death Before Age 100 Among Older Women, 1993 to 2022

Variable

No./Total (%)
Survived to Age 100,y

OR (95% CI)*

No./total (%) survived to age 100
3-Y weight change*
Stable weight (within = 5% change)
Weight loss (>5%)
Weight gain (25%)

829/9 050 (9.2)

621/6 137 (10.1) 1.00
113/1 858 (6.1) 0.62 (0.49, 0.78)
95/1 055 (9.0) 0.94 (0.73, 1.22)

“Three-year weight change categories significantly differed by survival to age 100 (p <.001).
Models adjusted for age, study component (Observational Study or Clinical Trial), race, ethnicity, education, marital status, alcohol, smoking, diet quality,
physical activity, physical function, body mass index, coronary heart disease, diabetes, stroke, cancer, emphysema, and hypertension.

*Intention of weight loss could not be examined due to low sample size.

to smaller sample sizes within strata. Unintentional weight
loss was more strongly related to lower odds of survival to
age 90 than intentional weight loss across all BMI catego-
ries: OR for normal weight, 0.48; 95% CI, 0.40-0.57; OR
for overweight, 0.49; 95% CI, 0.40-0.60; and OR for obese,
0.56;95% CI,0.43-0.72. Three-year weight gain of >5% was
not significantly associated with survival to age 90 across all
BMI categories. There was no significant interaction between
10-year weight change and BMI. Findings did not signifi-
cantly vary by baseline age (Supplementary Table 4) or smok-
ing (Supplementary Table 5).

Sensitivity Analyses

Findings were similar when excluding women with a history
of comorbidities at baseline (Supplementary Table 6) or those
who died within the first 4 years of follow-up (Supplementary
Table 7), and after additionally adjusting for participation
in the Dietary Modification and Calcium plus Vitamin D
Supplementation trials (Supplementary Table 8). Incident
cognitive impairment was higher in women who experienced
weight loss of >5%, particularly unintentional weight loss,
relative to women with stable weight or weight gain of >5%
(Table 1; Supplementary Tables 1 and 2). After adjusting for
incident cognitive impairment, associations of weight loss,
including both intentional and unintentional, with longevity

were slightly attenuated, whereas associations for weight gain
were similar (Supplementary Table 11).

Discussion

Three-year weight loss of >5% vs stable weight was asso-
ciated with lower odds of survival to ages 90, 95, and 100
among older women. Though both intentional and uninten-
tional weight loss were associated with reduced odds of lon-
gevity, unintentional weight loss was more strongly associated
with lower odds of longevity relative to intentional weight
loss, and this finding was observed among normal weight,
overweight, and obese women. Weight gain of >5% was not
significantly associated with survival to ages 90, 95, or 100.
Findings also showed that stable weight increased the odds
of longevity by 1.2 to 2-fold relative to weight loss of 25%.
Associations were similar for 10-year weight changes.
Weight loss has been associated with higher mortality risk
in older adults (1,2,9,10,31). In a study among older Japanese
adults, 3-year, 6-7-year, and 12-13 year weight loss of >5%
vs stable weight was associated with 36%, 36%, and 31%
higher mortality risk, respectively, independent of sociodemo-
graphic characteristics, lifestyle behaviors, and comorbidities
(9). Weight loss was generally associated with higher mortal-
ity risk across BMI categories, similar to our study (9). In the
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Cardiovascular Health Study, 3-year weight loss of 25% vs
stable weight was associated with 67% higher mortality risk,
and every one-unit decrease in BMI measured at 67-75 years
was associated with 53% lower odds of survival to age 90
(10,32). A recent study of 16 523 community-dwelling older
adults found that, relative to stable weight, weight loss of 5%
to 10% and more than 10% was associated with 33% and
289% higher mortality risk in men, respectively, and 26%
and 114% higher mortality risk in women, respectively (33).

The relationship between weight loss and mortality varies
according to the intentionality of weight loss (16-18,34-39).
Among British men 56-75 years, unintentional weight loss vs
stable weight was associated with 71% higher mortality risk,
whereas intentional weight loss was associated with 41%
lower mortality risk (34). Among 161 738 middle-aged adults,
increased frequency of intentionally losing >5 pounds in mid-
life was associated with lower mortality risk (35). We found
that both intentional and unintentional weight loss were asso-
ciated with lower odds of longevity, though the magnitude
of the association was greater for unintentional weight loss.
This finding is consistent with a prior study among male vet-
erans 265 years, which observed that mortality was increased
among weight losers, irrespective of the intentionality (39).

Intentional weight loss for personal reasons has been asso-
ciated with lower mortality, whereas intentional weight loss
due toill health has been associated with higher mortality (34).
The primary self-reported behaviors for intentional weight
loss in our study included changes in diet and exercise and
participation in commercial weight loss programs. Although
we found that women who reported intentional weight loss
had lower odds of longevity, it is possible that some propor-
tion of self-reported intentional weight loss in actuality was
unintentional weight loss. Unintentional weight loss occurs in
15% to 20% of older adults, and its most common etiologies
include malignancy, nonmalignant gastrointestinal disease,
and psychiatric conditions (40). It is important to note that
perceived intentionality of weight loss may be influenced by
the many societal pressures to lose weight, especially among
women, and therefore overestimate the behavioral changes
underlying experienced weight loss in older adults.

Several randomized controlled trials (RCT) suggest that
intentional weight loss lowers mortality risk in adults (37,41).
Other trials have shown that caloric restriction is favorably
associated with biomarkers of aging, including slowing the
pace of aging, decreasing fasting insulin, improving exercise
capacity, and decreasing levels of cardiometabolic risk factors
(eg, total cholesterol) (42-45). A meta-analysis of 15 RCTs
of intentional weight loss in obese adults (N =17 186; 53%
female; mean age = 52) observed that risk of all-cause mor-
tality was 15% lower for those randomized to weight loss
compared to nonweight loss groups (37); findings were simi-
lar when restricted to trials with mean age >55 years. Another
meta-analysis of 34 RCTs in 21 699 participants (with mean
ages ranging from 43.6 to 70.3 years) found that weight
loss interventions were associated with 18% reduction in
all-cause mortality risk (41). The Look AHEAD trial among
5 145 overweight/obese adults ages 45-76 years with type
2 diabetes found that, although all-cause mortality did not
differ significantly between the intensive lifestyle interven-
tion (ILI) and diabetes support and education (DSE) groups
during 16.7 years of follow-up, participants in the ILI who
lost 210% body weight in the first year of the intervention
had 21% reduced risk of mortality relative to DSE (46).

Paradoxically, in a recent postintervention analysis (year 8 to
a median of 16 years) of 3 999 Look AHEAD participants
(60% women; mean baseline age = 58.7 years), irrespective
of randomization to the ILI, mortality was higher in partic-
ipants with steady weight loss (18%) and highest in those
with steep weight loss (30%) relative to those who gained
weight (10%) or had stable weight (14%) during the postin-
tervention period (47). Those in the steep weight loss group
were older, were more likely to be obese, had longer duration
of diabetes, and had higher prevalence of multimorbidity at
baseline compared to participants who were stable weight. At
year 8 (end of the intervention), steep weight losers had higher
levels of multimorbidity, frailty, and depression relative to sta-
ble weight individuals. Further, at year 8, steep weight losers
reported fewer intentional weight loss strategies, suggesting
that they were experiencing unintentional weight loss that
may have been due to poor health. However, prior trials of
intentional weight loss such as Look AHEAD did not exam-
ine survival to ages 90 to 100 and were not largely focused on
weight changes in older adults, which was our specific focus.
Among obese women in the subset with intentionality data,
we observed the same pattern of results as that for the over-
all cohort: intentional weight loss was associated with 12%
reduced odds of survival to age 90 (OR, 0.88; 95% CI, 0.73—
1.06), whereas unintentional weight loss was associated with
44% reduced odds of survival to age 90 (OR, 0.56; 95% CI,
0.43-0.72). In agreement with the conclusion of the recent
Look AHEAD analysis , unintentional weight loss could serve
as an important indicator of underlying poor health and pre-
dictor of decreased longevity in the clinical setting.

Evidence on the association of weight gain with mortality
among older adults is mixed (1-3,10). Short- and long-term
weight gain of 5% were not associated with mortality in
older Japanese adults, similar to a study in the Cardiovascular
Health Study (9,10). Importantly, weight gain from early to
middle adulthood may be related to poor health outcomes
later in life (3,15,48). For example, 2 large, long-term cohorts
observed that 5-kg weight gain from 18 to 55 years was asso-
ciated with higher risk of type 2 diabetes, cardiovascular dis-
ease, and mortality (15). Thus, early and midlife weight gain
appear to increase risk of poor health outcomes later in life,
whereas the association in older adults is less clear.

A potential limitation of our study is that women were
>60 years at baseline and thus may have been more likely
to achieve longevity. Therefore, findings may not be gener-
alizable to the general population of adult women across a
broader age range. Although we controlled for preexisting
diseases, we cannot completely rule out residual confounding
due to ill health resulting in weight loss. However, findings
were similar when excluding women with major comorbid-
ities at baseline or those who died within the first 4 years of
follow-up. The sample was mostly White, which limited our
ability to evaluate racial and ethnic differences. Self-reported
intentionality of weight loss was available only in a subset.
Given the observational nature of our study, residual con-
founding due to unmeasured factors may explain the asso-
ciations of weight loss with longevity observed in our study.
Strengths include a large sample with long-term follow-up,
objectively measured weight changes at multiple time points,
information on numerous potential confounders, and large
numbers of women who survived to exceptional ages.

In conclusion, weight loss of >5% but not weight gain
was associated with lower odds of longevity, more strongly
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so among women with unintentional weight loss. These find-
ings, in the context of the totality of the evidence, suggest that
blanket recommendations for weight loss in older women
are unlikely to lead to better survival to advanced ages. We
recognize that these data do not affect clinical recommen-
dations for moderate weight loss when needed to achieve
positive health outcomes, particularly for obese and severely
obese persons, but these data support close monitoring of the
amount and speed of weight loss, particularly when uninten-
tional, as an indicator of underlying poor health and predic-
tor of decreased lifespan in older women. Importantly, this
study supports the promotion of weight stability as a useful
predictor of longevity in older women.

Supplementary Material

Supplementary data are available at The Journals of
Gerontology, Series A: Biological Sciences and Medical
Sciences online.
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