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Abstract

Background/ Objectives—Determine the association of weight trajectories with health status 

and mortality in older women.

Design—Cohort study

Setting—Study of Osteoporotic Fractures (US).

Participants—1,323 older, community-dwelling women (mean baseline [1986–88] age of 68 

[65–81] and 20-year exam age [2006–2008] of 88 [83–102]), with follow-up through 2016.

Measurements—Body weight measured repeatedly over 20 years (mean 8 weights). Logistic 

and Cox proportional hazard models were used to evaluate whether 20-year weight trajectory 

measures were associated with hip fracture, falls, physical performance, and/or mortality. 

Voluntary and involuntary weight loss could not be distinguished.
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Results—In models adjusted for age, clinic, calcium use, Year 20 weight, walking speed, 

comorbidity score, smoking, self-reported health, and walking for exercise, women with moderate 

weight loss (>9.0 kg) over 20 years had a 74% increased risk of death (HR=1.74 [95% CI: 1.37, 

2.20]) in the 5 years after the Year 20 visit compared to those with no weight loss. They also had a 

greater than 2-fold increased risk of suffering a hip fracture (HR=2.56 [95% CI: 1.39, 4.70]). They 

were 3.6 times (OR=3.60 [95% CI: 1.86, 6.95]) more likely to have poor physical function at the 

Year 20 visit than women with no weight loss. However, there was no increased risk of 2 or more 

falls in the 1.5 years after the Year 20 visit. Weight variability and abrupt weight decline were not 

associated with adverse health oucomes (falls, fractures, and mortality), but those in the highest 

quartile of variability were 2.3 times (OR=2.26 [95% CI: 1.34, 3.80]) more likely to have poor 

physical function scores.

Conclusions—In women surviving past 80 years of age, moderate weight loss over 20 years was 

associated with an increased risk of hip fracture, poor physical function, and mortality, but without 

an apparent increase in falls. Future work should separate voluntary from involuntary weight loss.

Keywords

Mortality; fracture; weight loss; physical function

INTRODUCTION

Studies of the effects of weight loss on health rarely consider age.1 However, weight loss in 

middle age2–4 likely has different effects on health than weight loss in the elderly (age >65), 

especially the oldest old (>85).

Although some studies have found that weight loss in the elderly is generally associated with 

increased morbidity and mortality,5–13 these studies were limited by short duration of 

follow-up (2–4 years)5–7, 9 and/or reliance on self-reported weight change.9–12

The Study of Osteoporotic Fractures (SOF) measured weights over 20 years among women 

over age 65 at baseline, providing a unique opportunity to examine the association between 

long-term weight trajectory and health outcomes.

Using this data, we recently found that rate of weight loss over 20 years, but not abrupt 

weight decline or weight variability, was associated with development of mild cognitive 

impairment or dementia in women surviving past 80 years.14 Here, we evaluate whether 20-

year weight trajectory is associated with other health outcomes (hip fracture, falls, and 

death), and physical function. We hypothesized women with greater weight loss, greater 

weight variability, and/or an abrupt decline in weight would have more limited physical 

function at Year 20 and be more likely to experience adverse health outcomes in the 1 to 5 

years after the Year 20 visit.
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METHODS

Study overview and sample

From 1986 to 1988, SOF recruited 9,704 community-dwelling women ages 65 and older 

(>99% non-Hispanic white) in four U.S. regions: Baltimore County, Maryland; Minneapolis, 

Minnesota; Portland, Oregon; and the Monongahela Valley near Pittsburgh, Pennsylvania.15 

Women unable to walk without assistance and those with bilateral hip replacements were not 

eligible. African-American women were initially excluded because of a lower prevalence of 

osteoporotic fractures than Caucasians.15

From 2006 to 2008, all surviving participants at three clinical centers (Minneapolis, 

Portland, and Pittsburgh) were invited to participate in the Year 20 visit. At least minimal 

questionnaire information was collected on 2,121 of the original cohort; of these, 1,323 

(62.4%) also completed a Year 20 examination that included weight measurement (see 

Figure 1). All women provided written consent. The study was approved by each site’s 

Institutional Review Board.

Weight and body mass index (BMI)

Body weight was measured in light clothing with a standard balance beam (clinic visit) or 

digital scale (home visit) at 8 visits (every 2–5 years) over the 20-year period. A total of 

1,091 (82%) women had all measurements; 97% had at least 6 measurements between 

baseline and the Year 20 exam. Height was measured with a wall-mounted Harpenden 

stadiometer (Holtain, Dyved, United Kingdom). The measures were used to compute BMI.15

Other characteristics

At baseline, participants completed questionnaires assessing basic demographics, medical 

history, estrogen exposure, and educational history. At Year 20, smoking and alcohol 

consumption, medical history, health behaviors (e.g., walking for exercise), independent 

activities of daily living, self-reported health, depressive symptoms (assessed with the 15-

item Geriatric Depression Scale, GDS16) were determined via questionnaire and interview. 

A comorbidity index was calculated by summing selected self-reported medical conditions 

(see Table 1 footnote). Walking speed was also calculated as the average time to complete 2 

trials on a 6-meter course. At Year 16, visual acuity was measured with Bailey and Lovie 

letter charts.17 Areal bone mineral density (BMD) (in g/cm2) was measured in the proximal 

femur by dual-energy x-ray absorptiometry using QDR 1000 densitometers (Hologic, 

Bedford, Massachusetts) in 1989 or 1990.15, 18, 19

Outcomes

Falls, fractures, and mortality—After Year 20 [2006–2008], we reached out to 

participants by telephone every 4 months to ask about falls until 2009 (average follow-up of 

1.5 years) and by postcard or telephone every 6 months to ask about fractures until 2016 

(average follow-up of 5 years). We completed 95% of these contacts among surviving 

women. When we learned of deaths from phone calls or postcards, certificates were used to 

confirm them and, when possible, determine cause. Hip fracture and cause of death were 

locally adjudicated and confirmed by a physician.
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Short Physical Performance Battery (SPPB)—At Year 20, staff administered the 

SPPB,20–22 which comprises measures of standing balance, usual gait speed, and ability to 

rise from a chair 5 times without using arms. For each task, participants were assigned 

scores of 1–4 based on quartiles of performance or 0 if unable to complete.22 A summary 

score was created by adding scores for each task and categorized as poor (0–3), low 

intermediate (4–6), high intermediate (7–9), or good (10–12).22 All participants had SPPB 

data at the Year 20 visit.

Statistical analyses

We compared baseline characteristics using Chi-square for categorical variables and analysis 

of variance for continuous variables. We examined associations between 20-year weight 

trajectory and experience of hip fracture, 2 or more falls, or death post Year 20 (until last 

follow-up). We also examined associations between weight trajectory and categorical SPPB 

scores.22

Absolute weight change was calculated as the difference in weight from baseline to Year 20 

in kilograms. For each outcome, we evaluated weight change per 10 kg of weight loss 

(primary exposure). We examined a 10 kg decrease based on the population SD (8.99 kg) 

and clinical relevance. We also evaluated weight change categorically as: 1) no loss (gain or 

no change [change ≥0]); 2) minimal loss (same as or slightly greater [within 1 SD] than 

population change [1 SD ≤ change <0]); or 3) moderate loss (amount of loss greater than the 

SD for population change [change >1 SD]).

Rate of weight loss (kg/year) was calculated using the slope estimate from a linear model fit 

to each woman’s weight measures over time. We evaluated rate of loss continuously and 

categorically. We examined a 0.5 kg/year decrease in weight based on population SD (0.44 

kg/year) and clinical relevance. We also compared slope of weight change to overall 

population slope: 1) positive slope ([slope >=0], indicating weight gain); 2) minimally 

negative slope (rate of loss the same as or slightly less than the SD for population rate [1 SD 

<= slope <0]); or 3) moderate negative slope (rate of loss greater than the SD for population 

rate [slope >1 SD]).

We identified abrupt, unrecovered episodes of marked weight loss inconsistent with 

women’s prior weight trajectories by determining whether trajectories fit quadratic 

equations, with a relative maximum, and whether loss continued to Year 20 (dichotomous 

variable of yes/no).

Weight variability was assessed using root mean square percentage error (RMSPE). We 

evaluated linear and quadratic curves for each woman and calculated RMSPE for the better-

fitting model. RMSPE quartiles, as well as the continuous measure, were included in 

models.

Using age- and clinic-adjusted “base” logistic regression and Cox proportional hazard 

models, we examined likelihood of experiencing an outcome (2 or more falls, hip fracture, 

death) for each weight trajectory measure. For hip fracture, we included death as a 

competing risk using sub-distribution hazards models proposed by Fine and Gray. In these 
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models, women who died prior to experiencing a hip fracture are not censored but remain in 

the risk set.23 For the ordinal SPPB outcome, we used cumulative logit models to estimate 

odds ratios. For this method, OR represents the increased odds of having an SPPB score in 

category “j” or lower versus higher than category “j,” given the specific change in weight 

measure.

For multivariable models, we considered potentially confounding factors from baseline 

(education, baseline body composition [height and BMI)], BMD, estrogen use); Year 20 

(alcohol use, smoking, self-reported health, weight, depression, walking for exercise, 

walking speed, comorbidity index, calcium use); and Year 16 (visual impairment). Models 

were developed separately for each outcome. Each potential covariate was added to the base 

model and those associated individually with the outcome in base models (p<0.10) were 

evaluated together in logistic regression or Cox proportional hazard models through manual 

backwards stepwise selection, where age, clinic, and weight variables were forced. 

Statistically significant variables remained in final models (p<0.05).24, 25 Each final, fully 

adjusted model consisted of covariates identified above for each weight measure (see 

footnotes in Tables 2 and 3). We also conducted sensitivity analyses repeating hip fracture 

analyses using conventional Cox proportional hazard models where mortality is treated as 

uninformative censoring. We repeated all analyses excluding cancer deaths, and separately, 

those with mild cognitive impairment (MCI) or dementia.

Statistical analyses were completed using SAS v9.4 (SAS, Inc., Cary, North Carolina). We 

considered p<0.05 to be significant.

RESULTS

Sample characteristics

The average weight change between baseline and Year 20 was a loss of 5.38 kg (SD=8.99; 

median=−4.8; range: loss of 42.50 kg to gain of 27.50 kg). Most women (72%) experienced 

weight loss. Those who lost weight were older, had higher baseline BMIs but lower Year 20 

weight, had higher baseline BMDs, and were less likely to have ever used estrogen than 

those who had no weight loss; at Year 20, they also had slower walking speed, more 

comorbidities, poorer self-reported health, more depression, and less alcohol use (Table 1). 

Almost two-thirds (63%) died and 10% suffered an incident hip fracture during an average 

follow-up of approximately 5 years after Year 20. Thirty-one percent experienced 2 or more 

falls over 1.5 years after Year 20. At Year 20, 25% (n=331) were in the highest (referent) 

physical performance category (SPPB score 10–12) and almost 20% (n=262) were in the 

lowest (SPPB score 0–3).

Health Outcomes

Absolute change in weight—Every 10 kg decrease in weight over 20 years was 

associated with a 23% (HR=1.23 [95% CI: 1.13, 1.34]) increased risk of death and 52% 

(HR=1.52 [95% CI: 1.23, 1.86]) increased risk of hip fracture during average follow-up of 

approximately 5 years (Figure 2). When weight loss was examined categorically, women 

with moderate weight loss (>1 SD [9kg]) over 20 years had a 74% increased risk of death 
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(HR=1.74 [95% CI: 1.37, 2.20]) and a nearly 3-fold increased risk of hip fracture (HR=2.56 

[95% CI: 1.39,4.70]) compared with those with no weight loss. Women with minimal weight 

loss also had an increased risk of death (HR=1.22 [95% CI: 1.02, 1.47]) but no increased 

risk of hip fracture (HR=1.44 [95% CI: 0.91, 2.26]). There was no association between 

weight change and odds of experiencing 2 or more falls during approximately 18 months of 

follow-up.

Slope of weight change—Slope of weight change was associated with several health 

outcomes (Supplementary Table 1). For every 0.5 kg/year decrease in weight, risk of death 

increased by over 20% (HR=1.22 [95% CI: 1.12, 1.33] and risk of hip fracture increased by 

over 50% (HR=1.52 [95% CI: 1.23, 1.89]). This translated to women with the most negative 

slopes of weight loss (termed “moderate negative slope”) having a 70% (HR=1.70 [95% CI: 

1.34, 2.15]) increased risk of death and a nearly 3-fold (HR=2.69 [95% CI: 1.47, 4.93]) 

increased risk of hip fracture compared to women with positive weight slopes. Weight slopes 

that were negative but of less magnitude (termed “minimal negative slope”) were not 

associated with risk of death but were associated with increased risk of hip fracture 

(HR=1.65 [95% CI: 1.04, 2.61]). There was no association between slope of weight change 

and risk of suffering 2 or more falls.

Abrupt weight decline and weight variability—Neither presence of an abrupt weight 

decline nor weight variability was associated with risk of developing any health outcome 

(Table 2 and Supplementary Table 1).

Physical Performance

Every 10 kg decrease in weight over 20 years was associated with a 71% (OR=1.71 [95% 

CI: 1.35, 2.16]) and 43% (OR=1.43 [95% CI: 1.15, 1.78]) increased risk of being in the poor 

and low intermediate physical performance categories, respectively, compared to the good 

category (Figure 2). Those with moderate weight loss were 3.6 times (OR=3.60 [95% CI: 

1.86, 6.95]) more likely to be in the poor physical performance category and 2.5 times 

(OR=2.52 [95% CI: 1.38, 4.61]) more likely to be in the low intermediate category than 

those at the good level. For every 0.5 kg/year of weight loss, there was a 75% (OR=1.75 

[95% CI: 1.38, 2.22]) and 44% (OR=1.44 [95% CI: 1.15, 1.79]) increased risk of being in 

the poor and low intermediate physical performance categories, respectively (Supplementary 

Table 2). Those with the most negative slopes of weight loss were 5.9 times (OR=5.87 [95% 

CI: 3.03, 11.36]) more likely to have poor than good physical performance scores; they were 

3 times (OR=3.14 [95% CI: 1.71, 5.79]) more likely to have low intermediate than good 

scores.

Abrupt weight decline was not associated with physical performance scores (Table 3). In 

terms of weight variability, for every 1% average deviation from the predicted weight curve, 

women had a 15% (OR=1.15 [95% CI: 1.04, 1.28]) increased risk of poor physical 

performance (Supplementary Table 2). When examined categorically, those in the highest 

quartile of variability were 2.3 times (OR=2.26 [95% CI: 1.34, 3.80]) more likely to have a 

poor SPPB score (Table 3).
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Sensitivity analysis

We conducted a sensitivity analysis of hip fracture using conventional Cox proportional 

hazard regression where mortality is treated as uninformative censoring. Results were 

similar, although risk estimates were stronger (Supplementary Table 3). When we excluded 

cancer deaths or those with MCI or dementia, results for the association between weight 

trajectory components and overall mortality were essentially unchanged (Supplementary 

Table 4).

DISCUSSION

This study offers a unique perspective into women’s weight trajectories in the 20 years 

leading up to a mean age of 88 and the impact of those trajectories on health outcomes and 

physical performance. Independent of weight at the year 20 visit, greater than average 

weight loss over time (approximately >10 kg over 20 years or 0.5 kg/year) was associated 

with increased risk of hip fracture, poor physical performance, and death, but not falls. 

Although weight variability was associated with poor physical performance, it was not 

associated with other health outcomes. An abrupt decline in weight was not associated with 

any outcome.

Previous studies have noted an association between weight loss and mortality and physical 

function. However, these studies were primarily conducted in men6, 7, 26, 27 or middle-aged 

persons,12, 26–28 or had only 3–4 years of follow-up.5, 9–11 In the Dubbo Osteoporosis 

Epidemiology Study, whose population and follow-up time most closely matches our own 

(1,059 women, mean age of 70), weight loss of ≥1% per year was associated with 2.2-fold 

increased risk of mortality over 13 years.13 Because weight trajectories could differ by cause 

of death, we excluded cancer deaths and those with MCI or dementia. However, the 

association between weight trajectory components and overall mortality was essentially 

unchanged, suggesting our findings are not related to cause of death.

We previously reported that SOF women with 5% weight loss over an average of 5.7 years 

had 1.8 times greater risk of hip fracture over the subsequent 6.6 years.29 In this study, we 

examine the association between weight change over 20 years and hip fracture in the 

subsequent 5 years in women surviving into their 80s and 90s. The association between 

weight loss and hip fracture is even stronger over this extended period and in this older 

population.

As women age, they risk weight loss because of changes in taste and smell, impaired 

digestion, and malabsorption/poor usage of nutrients due to chronic diseases or drug-nutrient 

interactions. In addition, social-environmental factors (e.g., solitude, institutionalization), 

psychological factors (e.g., depression), and a limited level of independence (e.g. difficulty 

purchasing/preparing foods) can lead to weight loss.30 Our findings suggest that such weight 

loss may contribute to the pathogenesis of health decline. Altered adipose tissue function 

and structure may be associated with impaired cardiovascular autoreparative potential.31 

Adipokines secreted from adipose tissue may influence cancer risk.32, 33 Sarcopenia and low 

bone density, potential correlates of weight loss, have been associated with increased risk of 
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all-cause mortality and disability.34–36 Alternatively, altered adipogenesis may impair both 

health and physical function, leading to decreased weight.31

We did not find an association between weight trajectory and falls. This was unexpected 

given the association between weight change and fracture risk. Although most fractures 

occur because of a fall, not all falls lead to fractures. We captured any fall regardless of 

whether injury was sustained, and it may be weight loss predisposes to falls that are more 

likely to result in fractures.

We had hypothesized that greater weight variability would be associated with poorer health 

outcomes and physical function. Although we did not find weight fluctuations were 

associated with mortality, previous studies have shown conflicting results.1, 13, 37, 38 These 

studies differ from our work by relying on subjective weight history1, 38 or following 

measured weights for only 7–13 years.37 We did find, consistent with another study,37 

greater weight variability was associated with increased risk of poor physical performance. 

We hypothesize that variability in weight may reflect episodic declines in physical function.

Although previous studies have noted weight declines in the years preceding death,39 we did 

not find an association between abrupt weight decline and mortality, poorer health, or 

physical performance. Our study’s population was different as we examined women who 

had survived into their 80s and beyond; we also examined weight trajectories after age 65, 

while previous studies followed subjects from midlife.12, 26–28

Our study has several strengths. We studied a large cohort of women with multiple weight 

measurements over 20 years. The mean age at study’s end was 88, so our observation period 

covered the period of greatest risk of physical function and health decline. Measurements 

were rigorous,15 including detailed physical performance evaluation at Year 20 and 

adjudication of health outcomes every 4–6 months. One limitation was that women had to be 

weighed for 20 years, potentially leading to survival bias. We did not have sufficient data on 

voluntary weight loss to distinguish between intentional and unintentional weight loss, and 

making such distinctions in this older age group is particularly challenging (i.e., women who 

are lifelong dieters may believe they are losing weight due to their efforts rather than 

subclinical illness). Smoking and alcohol exposure from the year 20 examination was used 

and women may have changed these behaviors due to declining health during the follow-up 

period. Because we did not have SPPB scores at baseline, we cannot exclude early, 

preclinical physical function decline contributed to greater weight loss over time. Finally, 

our findings may not be generalizable to men or non-white racial/ethnic groups.

Conclusions

Our results suggest long-term weight loss in older women may be a marker for increased 

risk of poor health outcomes. Therefore, particular attention should be given to women who 

have survived into their 80s and 90s but have experienced moderate weight loss (≥10 kg), 

regardless of whether there was an abrupt weight decline. Targeting nutritional status, social-

environmental factors, and/or adipose tissue function and structure in such women could 

help to preserve health and physical function into old age,34, 40 but additional research is 

needed.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact Statement

We certify the work is novel. The Study of Osteoporotic Fractures (SOF) measured 

weights of elderly women for 20 years, offering a unique opportunity to examine the 

association between long-term weight trajectory and health outcomes with aging.
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Figure 1. Consort diagram
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Figure 2. Risk of developing health outcome per 10 kg decrease in weight from baseline to year 
20
Falls refers to 2 or more falls.

Poor physical function is a score of 0–3 on SPPB compared to a score of 10–12

Risk estimates are HRs for mortality and fracture and ORs for falls and poor physical 

function. A >10kg weight loss over 20 years (>0.5 kg/yr) was associated with a significantly 

higher risk of mortality, hip fracture, and poor physical function (denoted in red) but not falls 

(denoted in black).
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