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ABSTRACT  

 

Background: This study examines the relevance of the World Health Organization 

(WHO) optimal range for body mass index (BMI) of 18.5-25 kg/m
2 

to morbidity
 
in older 

women.  

Methods: Data were from 11,553 women who completed five mailed surveys at three 

year intervals between 1996 (age 70-75 years) and 2008 (age 82-87 years). Incidence and 

prevalence of diabetes mellitus (DM), hypertension, heart disease and osteoporosis; 

hospital admissions and mortality were assessed. The association between BMI in 1996 

and each outcome was examined using logistic regression models with repeated measures 

and a proportional hazards model for survival.  

Results: There were consistent associations between increasing BMI and increasing 

incidence and prevalence of DM, hypertension and heart disease, and between increasing 

BMI and decreasing risk of osteoporosis. The association with hospital admission was J-

shaped and lowest for BMI of 22-24 kg/m
2 

while the association with mortality was U-

shaped, being lowest for BMI of 25-27 kg/m
2
. These associations were not affected by 

excluding women with cancer, or excluding the first five years of follow up.  

Conclusion: These results illustrate the complexity of determining the optimal BMI 

range for women who survived to age 70 to 75 years. Although the WHO 

recommendation is appropriate for DM, hypertension, heart disease and hospitalization, a 

slightly higher BMI range may be optimal for osteoporosis and mortality.  
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INTRODUCTION 

 

Current World Health Organization (WHO) recommendations advise a body mass index 

(BMI) range of 18.5 to 25 kg/m
2 

for optimal health in adults aged 18+ years (1). While 

the WHO separately addresses the health consequences of overweight and obesity in 

childhood and adolescence and in adults, there are no distinctions for young, mid-aged or 

older adults. As older adults have already survived to a greater age, the optimal BMI-

range for adults aged 18+ years may be less relevant for older people, for example as a 

result of survival effects (2;3). Several papers and systematic reviews have recently 

shown that, in older people, BMI in the range of 25-30 kg/m
2
 is not associated with 

higher mortality risk compared with ‘normal BMI’ (18.5-25 kg/m
2
) and may even have a 

protective effect (4-8). However, in other studies, BMI in the ‘overweight’ (25-30 kg/m
2
) 

and ‘obese’ (>30 kg/m
2
) range has been shown to be associated with increased risk of

 

frailty and chronic conditions, disability and health complaints in older people (3;9-13). 

Therefore, in older adults (defined in this paper as 70+ years) the patterns of association 

between BMI and several outcomes that are of importance for health may not be as clear 

as in younger populations.  

 

The Australian Longitudinal Study on Women's Health (ALSWH) is one of few studies 

worldwide that includes a large population based sample of women who were aged 70 to 

75 years at the start of the study in 1996. This paper examines the relationships between 

BMI in 1996 and incidence and prevalence over a twelve year follow-up period of four 

chronic conditions that are common in older women: DM, hypertension, heart disease 
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and osteoporosis. The aim of this study was to examine the relevance of the World Health 

Organization (WHO) optimal body mass index (BMI) range of 18.5-25 kg/m
2 

to 

morbidity
 
in this sample. The associations between BMI and hospital admission and BMI 

and mortality are also examined, in order to provide a broad view of associations between 

BMI and health outcomes.  

 

METHODS 

 

Setting 

 

The Australian Longitudinal Study on Women's Health (ALSWH) is a prospective study 

of factors affecting health and wellbeing in three cohorts of Australian women. The 

women were randomly selected from the national Medicare health insurance database, 

which includes all citizens and permanent residents of Australia. There was intentional 

over-sampling of women living in rural and remote areas. Three cohorts were first 

surveyed in 1996: their ages were 18-23 (women born in 1973-1978), 45-50 years 

(women born in 1946-1951) and 70-75 years (women born in 1921-1926). Subsequently, 

the three cohorts have been resurveyed by mail every three years. Details of the study 

design, recruitment methods and response rates have been described elsewhere (14;15) 

and more details about the study can be found at www.alswh.org.au. The study was 

approved by the ethics committees of the University of Newcastle and the University of 

Queensland and informed consent was received from all respondents. The focus of this 

study is on older women, who were surveyed in 1996 (survey 1, number of 



 5 

respondents=12432), 1999 (survey 2, n=10434), 2002 (survey 3, n=8646), 2005 (survey 

4, n=7158), and 2008 (survey 5, n=5559). Only women who reported height and weight 

in survey 1 were included in the analysis (n=11553). A summary of attrition at each 

survey is provided in Table 1. Sociodemographic factors, health related behavioral factors 

and indicators of health status of this population have been described elsewhere (14).  

 

BMI, smoking, chronic conditions, hospital admission and mortality 

 

BMI (kg/m
2
) was calculated using self-reported weight and height. Self-reported smoking 

status was categorized as never smoker, ex-smoker, or current smoker.  

 

At survey 1, women were asked ‘Have you ever been told by a doctor that you have: 

diabetes (high blood sugar)/…hypertension (high blood pressure)/…heart 

disease/…osteoporosis?’ At subsequent surveys, women were asked if they had been 

diagnosed with or treated for any of these conditions in the last 3 years. At surveys 3, 4 

and 5 women were asked if they had angina/ heart attack/ other heart problems. For the 

present analysis these conditions were grouped as ‘heart disease’. Incidence of each 

condition was defined as reporting the condition at surveys 2, 3, 4 or 5 by women who 

did not have the condition at any previous survey. For analysis of prevalence, each 

condition was defined as occurring only once and remaining until the end of the study (or 

death, withdrawal, or non-participation). Women who reported chronic conditions at 

survey 1 were included in the analyses of prevalence but not incidence. Data from women 

with multiple conditions were included in the analyses for each condition they reported.  
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At each survey women were asked to report how many times they had been admitted to 

hospital in the last 12 months. At each survey, the outcome was dichotomized as hospital 

stay of one day or longer vs. no hospital stay.  

 

The ALSWH data are linked to Australian National Death Index (NDI) to identify all 

deaths on an annual basis, NDI data were available from 1996 to October 2006, with the 

main underlying and additional causes of death coded using the International Statistical 

Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) (16). 

The sensitivity of the NDI for identifying known deaths between 1996 and 1998 in this 

ALSWH cohort was 95% (17). Cause of death data were used to supplement self-

reported data on chronic conditions from 1997 onwards. For example, if a study 

participant died of a myocardial infarction, or had heart disease recorded among the 

causes of death between surveys 2 and 3, but did not report having any heart problem at 

or before survey 2, then ‘heart disease’ was imputed at survey 2. The following ICD-10 

codes were used for each condition: a) diabetes mellitus: E10-14; b) hypertension: I10-

15; c) heart disease: I20-25 (ischaemic heart disease); I30-52 (other forms of heart 

disease); and d) osteoporosis: M80-82.  

 

Statistical analysis 

 

The analyses were conducted using SAS software, Version 9. Logistic regression models 

(with the generalized estimating equation procedure for repeated measures) were used to 
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model the association between baseline BMI in 1996 and incidence and prevalence of 

each chronic condition, and between baseline BMI and hospital admission. For analysis 

of incidence, the outcome was the proportion of newly reported cases by women who had 

not previously reported the condition. Data from surveys 2, 3, 4 and 5 were analyzed 

together using repeated measures models. For analysis of prevalence, the outcome at each 

survey was the proportion of respondents who had ever reported the condition and data 

from all five surveys were the repeated measures. For the analysis of hospital admissions, 

the outcome at each survey was the proportion of respondents who reported a hospital 

stay of at least one day in the last 12 months and data from all five surveys were the 

repeated measures. Baseline BMI and age at each survey were included in the model, as 

well as the square and cube of these variables. Smoking status in 1996 was also included. 

Model covariates were selected in a stepwise fashion using backward elimination: 

covariates statistically significant at p<0.05 were retained in the adjusted multivariable 

model. To obtain estimates of incidence and prevalence rates, fitted values were 

calculated using the coefficients from the logistic regression models with BMI values in 

the range 18 to 35, age equal to 78.5 years, and smoking status (if smoking status was 

statistically significant in the multivariable model). The fitted values, which were on the 

logit scale, were back transformed and scaled to give estimated annual rates for each BMI 

value. These rates were plotted against BMI, with separate curves for each smoking 

category if smoking status was statistically significant.  

 

For women who died during the study, lifespan was calculated as the difference between 

year of death and year of birth. For other women, data were right-censored at the end of 
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the study period (or at the date of withdrawal or non-participation for those women still 

alive in January 2009). A proportional hazards model was used to estimate hazard ratios 

of death in relation to age, BMI and smoking at baseline. 

 

To take into account a possible confounding effect of cancer on the association between 

BMI and outcome measures, all analyses were repeated excluding women who (at any 

survey) reported having been told by a doctor that they had cancer (other than skin 

cancer) and women who died and had ‘malignant neoplasm’ listed in their causes of 

death. In total 9315 women were included in the analysis of women without cancer. 

Furthermore, to account for pre-existing disease at the start of the study, the mortality 

analysis was repeated excluding the first five years of follow-up (only 2001-2008 data 

were included).  

 

RESULTS 

 

The distribution of BMI in all survey 1 respondents (1996) is shown in Figure 1. Median 

BMI (25–75 percentiles) was 24.8 (22.3 – 27.7) kg/m
2
. Prevalence and incidence of the 

four chronic conditions per three years over the twelve year follow-up period are reported 

in Table 2. The number of incident cases over 12 years was 790 for DM, 1981 for 

hypertension, 2278 for heart disease and 1813 for osteoporosis. Of the 11553 women 

included in this study, 56% never smoked, 27% were ex-smokers, 7% were current 

smokers and data about smoking status were missing for 10% of the women.  
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Incidence and prevalence rates for the four conditions, as a function of BMI in 1996, are 

shown in Figure 2. Higher BMI was associated with higher incidence and prevalence for 

DM and hypertension. While the incidence and prevalence of hypertension flattened out 

for BMI ≥30 kg/m
2
, incidence and prevalence of DM increased markedly in women with 

a BMI ≥30 kg/m
2
; for example, DM prevalence ranged from 6% to 13% in women in the 

healthy BMI-range, whereas it ranged from 20% to more than 30% in women with a BMI 

of 30 kg/m
2 

and higher. Remarkably, although prevalence of hypertension was higher for 

smokers than for ex-smokers, the highest prevalence was reported by women who never 

smoked. The rates for heart disease also increased with increasing BMI, but less sharply, 

and there were marked differences in rates according to smoking status, with the lowest 

incidence and prevalence in never smokers. 

 

There was an inverse association between BMI and osteoporosis, with the lowest risk of 

osteoporosis in women with a BMI ≥30 kg/m
2
. For example, the incidence of 

osteoporosis for women with a BMI of 30 kg/m
2
 was 27/1000 women/year, compared 

with 44 to 31/1000 women/year for women with a BMI between 18.5 and 25 kg/m
2
. 

Prevalence of osteoporosis was lower in women who never smoked than in smokers and 

ex-smokers.  

 

The association between BMI and hospital admission in the last 12 months was J-shaped, 

with lowest rates in the BMI range 22 to 24 kg/m
2
 (Figure 3). The risk of hospital 

admission was lowest in women who never smoked. Regardless of smoking status, 

hospital stay increased markedly for women with BMI≥25 kg/m
2
.  
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During the 12 year follow-up 3143 of the 11553 women included in this study died, 

representing 31.6 deaths/1000 person-years. The association between BMI and mortality 

was U-shaped, with the lowest risk of mortality for BMI between 25 and 27 kg/m
2 

(Figure 4). Smokers were at much higher risk of death than ex-smokers or women who 

had never smoked.  

 

Excluding women with cancer did not result in changes in the association between BMI 

and incidence and prevalence of chronic disease, or BMI and mortality, but the higher 

risk of hospital admission in women in the BMI-range of 18.5 to 22 leveled out. 

Excluding the first five years of follow-up did not affect the BMI range associated with 

lowest mortality.  

 

DISCUSSION 

 

It is predicted that there will be marked increases in burden of disease and demands on 

health care systems as a result of the growing percentage of overweight and obese older 

women in the population (2;18-20). If this increase is to be prevented, it is important to 

understand the associations between BMI and health in this population group, and to be 

clear about the advice given to older women about reducing risk of ill health. The results 

of this study illustrate that this is not an easy task in the case of BMI. The risks of DM, 

hypertension and heart disease increased with increasing BMI, with the lowest risk in 

women with lowest BMI. In contrast, osteoporosis risk was lowest in women with high 
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BMI, and the relationship between BMI and hospitalization was J-shaped, with the lowest 

risk at BMI around 22-24 kg/m
2
. The situation is complicated further by the fact that this 

study confirmed that, in older women, a BMI in the ‘overweight’ range had a protective 

effect on mortality.  

 

A strength of this study is that it is one of few studies to examine the association between 

BMI and several different specific health outcomes, as well as hospital stay and mortality. 

The study involved a large nationally representative sample of community-dwelling older 

women, aged 70 to 75 years at the start of the study in 1996. They were surveyed five 

times from 1996 to 2008 and longitudinal analyses were performed using data from these 

five surveys. Another strength is that cause of death data from the national death index 

were used to supplement self-report data on chronic conditions, and additional analyses 

were performed to take account of the potential confounding effects of cancer.  

 

This study also has several limitations. We examined the association between BMI, 

calculated using self-report weight and height data, and self-reported chronic conditions. 

Estimates of biases due to use of self-reported data vary. Studies in older people have 

shown that self-report of chronic disease is accurate when compared with information 

from their general practitioners (kappa [95% CI] = 0.69 [0.65-0.73] for cardiac disease 

and 0.85 [0.81-0.89] for DM) (21). There is also good agreement between self-report 

hospital stay and insurance claims for hospital stay in people aged 70+ years (kappa = 

0.77) (22). Several studies have shown that objective measures of weight and height give 

BMI estimates that are higher than those calculated using self-reported data (23). For 
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example, in US women (aged 60+ years) the difference was 1.05 kg/m
2
 (95% confidence 

interval 0.96; 1.15) (24), and in Swedish women aged 70+ years it was 1.4 kg/m
2 

(25). It 

is therefore expected that the curves in the graphs in this paper would have shifted one to 

one-and-a-half BMI units to the right if height and weight had been objectively assessed. 

This shift would mean, for example, that the optimal BMI range for hospitalization and 

mortality rates would be slightly higher, at 23-25 and 26-28 kg/m
2
 respectively,

 
but this 

shift does not change the interpretation of the morbidity graphs. Other factors such as the 

age of onset of obesity, number of years of obesity and weight development over the last 

decades, may be important in determining the association between BMI and morbidity 

and mortality (2;3). However, these data were not available in ALSWH, as data 

collection only began when the women were 70-75 years old. Finally, estimates of 

incidence of disease in older people are by definition limited to those who reached old 

age without ever having experienced the condition. 

 

We used BMI as a measure of obesity. The validity of BMI as a measure of general 

obesity in older adults has been questioned, as fat distribution changes with age (3;26;27). 

However, even though the correlation between BMI and body fat decreases with age, this 

correlation remains reasonably strong in elderly people (28). Studies comparing different 

anthropometric measures of body fat have reported similar results for the association 

between BMI, waist circumference, and waist-hip ratio with incident DM and 

hypertension (29;30) and heart disease (28). Studies have shown, however, that the 

positive association between high BMI and mortality observed in older adults is 

diminished (31;32), or disappears, in very old age (5;6), possibly reflecting the fact that 
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BMI may not be a good measure of body fat in this population. Other researchers have 

suggested that waist-hip ratio alone (33), or in combination with BMI (34) is a better 

predictor of mortality in older people than BMI alone.  

 

The morbidity results are in line with other studies in women, which have shown positive 

associations between BMI and incidence of DM, hypertension and heart disease 

(29;35;36) and negative associations between BMI and osteoporosis (28;29). These 

associations with particular conditions are potentially affected by confounding due to 

smoking. Risk of cardiovascular disease and several cancers is higher in current smokers 

and ex-smokers than among lifelong never smokers (37), but current smokers are also 

likely to weigh less, and ex-smokers to weigh more, than those who never smoked (38). 

Therefore it is possible that smoking might account for the left end of the J-shaped and 

U-shaped curves for composite outcomes of hospitalization and all-cause mortality. The 

higher prevalence of hypertension observed in women who never smoked was not 

expected. This finding may be due to a ‘healthy behavior’ bias: women who pursue a 

healthy lifestyle, such as not smoking, may be more likely to have their blood pressure 

checked regularly. As a result, there may be greater awareness of hypertension among 

non-smokers, even though the actual prevalence of hypertension may be greater among 

smokers. 

 

A meta-analysis by the Prospective Studies Collaboration (PSC) published in 2009, 

which pooled mortality data from 57 prospective studies, reported that the lowest overall 

mortality risk in adults (both sexes and all ages) was in the BMI range of 22.5-25 kg/m
2 
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(31). The lowest mortality rate in women aged 70 to 79 years was, however, around a 

BMI of 26 kg/m
2
 (31), which is within the ‘optimal BMI’ for mortality in our study. 

 

Although we found lower risk of three conditions with low BMI, and it is accepted that 

intentional weight loss may benefit functional status and reduce risk of conditions such as 

cardiovascular disorders, diabetes and osteoarthritis (28;39), unintentional weight loss is 

not a good sign and warrants further examination (3;7). It has been suggested that, if 

weight loss advice is warranted, it should be accompanied by treatment for prevention of 

bone loss (28). Potential benefits of weight loss should be considered for each patient 

separately, taking their medical history into account (39-41). Future research in this area 

is needed and should focus on developing a knowledge base addressing the efficacy and 

safety of weight loss strategies in older people (26).  

 

In conclusion, relationships between BMI and health in older women are complex. While 

the WHO recommendation is appropriate for DM, hypertension, heart disease and 

hospitalization, a slightly higher BMI range may be optimal for osteoporosis and 

mortality.  

 

ACKNOWLEDGEMENTS: The Australian Longitudinal Study on Women's Health, 

which was conceived and developed by groups of interdisciplinary researchers at the 

Universities of Newcastle and Queensland, is funded by the Australian Government 

Department of Health and Ageing. We would like to thank all the participants for their 



 15 

valuable contribution to this study.  JVU was supported by an NHMRC program grant 

(Owen, Bauman and Brown; #301200). 



 16 

Reference List 

 

 (1)  World Health Organization. Obesity: preventing and managing the global 

epidemic. Geneva, 2000. 

 (2)  Rossner S. Obesity in the elderly--a future matter of concern? Obes Rev 

2001;2:183-188. 

 (3)  Zamboni M, Mazzali G, Zoico E, et al. Health consequences of obesity in the 

elderly: a review of four unresolved questions. Int J Obes (Lond) 2005;29:1011-

1029. 

 (4)  Auyeung TW, Lee JS, Leung J, Kwok T, Leung PC, Woo J. Survival in older men 

may benefit from being slightly overweight and centrally obese--a 5-year follow-

up study in 4,000 older adults using DXA. J Gerontol A Biol Sci Med Sci 

2010;65:99-104. 

 (5)  Heiat A, Vaccarino V, Krumholz HM. An evidence-based assessment of federal 

guidelines for overweight and obesity as they apply to elderly persons. Arch 

Intern Med 2001;161:1194-1203. 

 (6)  Janssen I, Mark AE. Elevated body mass index and mortality risk in the elderly. 

Obes Rev 2007;8:41-59. 

 (7)  Locher JL, Roth DL, Ritchie CS, et al. Body mass index, weight loss, and 

mortality in community-dwelling older adults. J Gerontol A Biol Sci Med Sci 

2007;62:1389-1392. 

 (8)  Pischon T, Boeing H, Hoffmann K, et al. General and abdominal adiposity and 

risk of death in Europe. N Engl J Med 2008;359:2105-2120. 



 17 

 (9)  Andreyeva T, Michaud PC, van SA. Obesity and health in Europeans aged 50 

years and older. Public Health 2007;121:497-509. 

 (10)  Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K. Frailty, Body Mass Index, 

and Abdominal Obesity in Older People. J Gerontol A Biol Sci Med Sci 2009 Nov 

25. 

 (11)  Imai K, Gregg EW, Chen YJ, Zhang P, de RN, Williamson DF. The association 

of BMI with functional status and self-rated health in US adults. Obesity (Silver 

Spring) 2008;16:402-408. 

 (12)  Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease 

burden associated with overweight and obesity. JAMA 1999;282(16):1523-1529. 

 (13)  Patterson RE, Frank LL, Kristal AR, White E. A comprehensive examination of 

health conditions associated with obesity in older adults. Am J Prev Med 

2004;27:385-390. 

 (14)  Ford J, Spallek M, Dobson A. Self-rated health and a healthy lifestyle are the 

most important predictors of survival in elderly women. Age Ageing 2008;37:194-

200. 

 (15)  Lee C, Dobson AJ, Brown WJ, et al. Cohort Profile: the Australian Longitudinal 

Study on Women's Health. Int J Epidemiol 2005;34:987-991. 

 (16)  World Health Organization. International Statistical Classification of Diseases and 

Related Health Problem, 10th Revision, 2007. 

http://www.who.int/classifications/icd/en/ 

 (17)  Powers J, Ball J, Adamson L, Dobson A. Effectiveness of the National Death 

Index for establishing the vital status of older women in the Australian 

http://www.who.int/classifications/icd/en/


 18 

Longitudinal Study on Women's Health. Aust N Z J Public Health 2000;24:526-

528. 

 (18)  Arterburn DE, Crane PK, Sullivan SD. The coming epidemic of obesity in elderly 

Americans. J Am Geriatr Soc 2004;52:1907-1912. 

 (19)  Bennett SA, Magnus P, Gibson D. Obesity trends in older Australians. Canberra, 

AIHW, 2004. 

 (20)  Wang YC, Colditz GA, Kuntz KM. Forecasting the obesity epidemic in the aging 

U.S. population. Obesity (Silver Spring) 2007;15:2855-2865. 

 (21)  Kriegsman DM, Penninx BW, van Eijk JT, Boeke AJ, Deeg DJ. Self-reports and 

general practitioner information on the presence of chronic diseases in community 

dwelling elderly. A study on the accuracy of patients' self-reports and on 

determinants of inaccuracy. J Clin Epidemiol 1996;49:1407-1417. 

 (22)  Wolinsky FD, Miller TR, An H, et al. Hospital episodes and physician visits: the 

concordance between self-reports and medicare claims. Med Care 2007;45:300-

307. 

 (23)  Gorber SC, Tremblay M, Moher D, Gorber B. A comparison of direct vs. self-

report measures for assessing height, weight and body mass index: a systematic 

review. Obes Rev 2007;8:307-326. 

 (24)  Kuczmarski MF, Kuczmarski RJ, Najjar M. Effects of age on validity of self-

reported height, weight, and body mass index: findings from the Third National 

Health and Nutrition Examination Survey, 1988-1994. J Am Diet Assoc 

2001;101:28-34. 



 19 

 (25)  Nyholm M, Gullberg B, Merlo J, Lundqvist-Persson C, Rastam L, Lindblad U. 

The validity of obesity based on self-reported weight and height: Implications for 

population studies. Obesity (Silver Spring) 2007;15:197-208. 

 (26)  Alley DE, Ferrucci L, Barbagallo M, Studenski SA, Harris TB. A research 

agenda: the changing relationship between body weight and health in aging. J 

Gerontol A Biol Sci Med Sci 2008;63:1257-1259. 

 (27)  Seidell JC, Visscher TL. Body weight and weight change and their health 

implications for the elderly. Eur J Clin Nutr 2000;54:S33-S39. 

 (28)  McTigue KM, Hess R, Ziouras J. Obesity in older adults: a systematic review of 

the evidence for diagnosis and treatment. Obesity (Silver Spring) 2006;14:1485-

1497. 

 (29)  Folsom AR, Kushi LH, Anderson KE, et al. Associations of general and 

abdominal obesity with multiple health outcomes in older women: the Iowa 

Women's Health Study. Arch Intern Med 2000;160:2117-2128. 

 (30)  Vazquez G, Duval S, Jacobs DR, Jr., Silventoinen K. Comparison of body mass 

index, waist circumference, and waist/hip ratio in predicting incident diabetes: a 

meta-analysis. Epidemiol Rev 2007;29:115-128. 

 (31)  Prospective Studies Collaboration. Body-mass index and cause-specific mortality 

in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet 

2009;373:1083-1096. 

 (32)  Thinggaard M, Jacobsen R, Jeune B, Martinussen T, Christensen K. Is the 

Relationship Between BMI and Mortality Increasingly U-Shaped With Advancing 



 20 

Age? A 10-Year Follow-up of Persons Aged 70-95 Years. J Gerontol A Biol Sci 

Med Sci 2010 Jan 20. 

 (33)  Price GM, Uauy R, Breeze E, Bulpitt CJ, Fletcher AE. Weight, shape, and 

mortality risk in older persons: elevated waist-hip ratio, not high body mass index, 

is associated with a greater risk of death. Am J Clin Nutr 2006;84:449-460. 

 (34)  Lindqvist P, Andersson K, Sundh V, Lissner L, Bjorkelund C, Bengtsson C. 

Concurrent and separate effects of body mass index and waist-to-hip ratio on 24-

year mortality in the Population Study of Women in Gothenburg: evidence of age-

dependency. Eur J Epidemiol 2006;21:789-794. 

 (35)  Hu FB. Overweight and obesity in women: health risks and consequences. J 

Womens Health (Larchmt ) 2003;12:163-172. 

 (36)  Wilson PW, D'Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight and 

obesity as determinants of cardiovascular risk: the Framingham experience. Arch 

Intern Med 2002;162:1867-1872. 

 (37)  Fagerstrom K. The epidemiology of smoking: health consequences and benefits of 

cessation. Drugs 2002;62 Suppl 2:1-9. 

 (38)  Chiolero A, Faeh D, Paccaud F, Cornuz J. Consequences of smoking for body 

weight, body fat distribution, and insulin resistance. Am J Clin Nutr 2008;87:801-

809. 

 (39)  Bales CW, Buhr G. Is obesity bad for older persons? A systematic review of the 

pros and cons of weight reduction in later life. J Am Med Dir Assoc 2008;9:302-

312. 



 21 

 (40)  Kennedy RL, Malabu U, Kazi M, Shahsidhar V. Management of obesity in the 

elderly: too much and too late? J Nutr Health Aging 2008;12:608-621. 

 (41)  Miller SL, Wolfe RR. The danger of weight loss in the elderly. J Nutr Health 

Aging 2008;12:487-491. 

 



 22 

TABLE 1. Attrition between 1996 and 2008: numbers and percentages of women at each survey.
a
  

 

a 
Only women who reported their height and weight at survey 1 are included; 

b 
Percentage of number of respondents in 1996 

 

Survey (year) Ages (years) Number of respondents (%)
b
  Number of non respondents (%)

b
 

    Deceased Frail Withdrawn Did not do survey/ 

no contact 

1 (1996) 70-75 11553 (100%)      

2 (1999) 73-78 9336 (84%)  494 (4%) 92 (1%) 523 (5%) 1108 (10%) 

3 (2002) 76-81 7986 (72%)  935 (8%) 288 (3%) 983 (9%) 1361 (12%) 

4 (2005) 79-84 6668 (60%)  1596 (14%) 599 (5%) 1334 (12%) 1356 (12%) 

5 (2008) 82-87 5208 (47%)  2358 (21%) 882 (8%) 1538 (14%) 1567 (14%) 
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TABLE 2. Prevalence of chronic conditions in 1996 and incidence per 3 years over a 12 year period.
a
  

  Diabetes 

mellitus 

Number
b
 (%) 

Hypertension 

number
b
 (%) 

Heart disease 

Number
b
(%) 

Osteoporosis 

number
b 

 (%) 

Survey 1 

(1996) 

Condition reported 962 (9) 5233 (47) 1952 (18) 2183 (20) 

 Condition not reported 10117 (91) 5831 (53) 9082 (82) 8868 (80) 

          

Survey 2 

(1999) 

Condition newly 

reported 

228 (2) 464 (5) 540 (6) 437 (5) 

 Condition already 

existed  

754 (8) 4484 (47) 1568 (16) 1857 (20) 

 Condition not reported 8555 (90) 4554 (48) 7413 (78) 7220 (76) 

          

Survey 3 

(2002) 

Condition newly 

reported 

252 (3) 729 (9) 794 (10) 563 (7) 

 Condition already 

existed  

780 (9) 4219 (52) 1669 (20) 1935 (24) 

 Condition not reported 7179 (87) 3217 (39) 5728 (70) 5678 (69) 

          

Survey 4 

(2005) 

Condition newly 

reported 

210 (3) 494 (7) 564 (8) 472 (7) 

 Condition already 

existed  

797 (12) 4052 (60) 1841 (27) 2031 (30) 
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 Condition not reported 5802 (85) 2243 (33) 4389 (65) 4289 (63) 

          

Survey 5 

(2008) 

Condition newly 

reported 

100 (2) 294 (6) 380 (7) 341 (7) 

 Condition already 

existed  

700 (14) 3385 (66) 1623 (32) 1838 (36) 

 Condition not reported 4319 (84) 1440 (28) 3116 (61) 2940 (57) 

          

Number of incident cases between 

1996 and 2008 

790  1981  2278  1813  

 

a 
At each survey, for each condition, the number of existing cases and newly reported cases are given; only women who participated in 

the survey (or for whom data were imputed based on cause of death data) are included.  

b 
Survey data are supplemented with cause of death data. 



 25 

 

 

FIGURE 1. Distribution of body mass index in 1996. 

 



 26 

 

FIGURE 2. Estimated incidence and prevalence rates per year, at age 78.5 years, of chronic conditions in relation to baseline body 

mass index in women, Australian Longitudinal Study on Women’s Health, 1996-2008.  
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FIGURE 3. Estimated hospital admission rates, at age 78.5 years, in relation to 

baseline body mass index in women, Australian Longitudinal Study on Women’s 

Health, 1996-2008. 
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FIGURE 4. Hazard ratios for all-cause mortality in relation to baseline body mass 

index in women, Australian Longitudinal Study on Women’s Health, 1996-2008. 

(Reference: Never smokers, BMI=24) 

 

 

 


