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ABSTRACT

Background. Only scarce data exists on the association between obesity and

disability in the oldest old. The purpose of this prospective study is to examine if

body mass index (BMI) and waist circumference (WC) are associated with incident

mobility and activities of daily living (ADL) disability in nonagenarians.

Methods. We used longitudinal data from the Vitality 90+ Study, which is a

population-based study conducted at the area of Tampere, Finland. Altogether 291

women and 134 men, aged 90–91 years, had measured data on BMI and/or WC, and

did not have self-reported mobility or ADL disability at baseline. Incident mobility

and ADL disability was followed-up on median 3.6 years (range 0.6–7.8 years).

Mortality was also followed-up. Multinomial logistic regression models were used

for the analyses, as death was treated as an alternative outcome. The follow-up time

was taken into account in the analyses.

Results. Neither  low  or  high  BMI,  nor  low  or  high  WC,  were  associated  with

incident  mobility  disability.  In  women,  the  lowest  WC  tertile  (<82  cm)  was

associated with an increased probability of incident ADL disability when compared

to the middle WC tertile (OR 3.98, 95% CI 1.35–11.77).

Conclusions. Obesity is not associated with incident mobility or ADL disability in

nonagenarians. Instead, low WC is associated with an increased risk of developing

ADL disability in nonagenarian women.

Key words: obesity, disability, mobility, physical function, oldest old, obesity

paradox
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INTRODUCTION

Obesity, indicated by high BMI or WC, is associated with many chronic diseases in

older as in younger adults (1). Dixon and colleagues have  proposed that the BMI

range associated with optimal health changes over the life course (2). This refers to

the  so  called  obesity  paradox,  in  which  overweight  or  mild  obesity  in  older  adults

have been associated with a lower mortality risk, with a more favorable disease

prognosis in various chronic conditions, and a better recovery from surgical

operations (3, 4). But when factors associated with weight loss have been taken into

account, obesity has shown to be associated with shorter survival when compared to

BMI 23‒26.9 kg/m2 at least to age 84 years (5).

It is widely acknowledged that the current guidelines for healthy BMI (6) are not

appropriate  for  older  adults  (7,  8).  Yet,  the  associations  of  BMI  and  WC  with

disability  seem  to  be  similar  in  middle-aged  and  older  adults  in  that  both  low  and

high values are associated with mobility and/or ADL disability (1, 9-12). Indeed,

obese BMI has shown to be more closely associated with incident disability than

with mortality among older adults (13). But among persons aged 70‒95 years the

association between BMI and mortality becomes decreasingly U-shaped (14). As

disability is closely associated with mortality (15), the association of obesity with

disability requires separate examination in the oldest old persons.

Only  a  limited  number  of  studies  have  examined  the  associations  between  obesity

and mobility or ADL disability in the oldest old, i.e. in people aged ≥85 years. The

oldest old are the fastest-growing segment of population in the developed countries

(16) and obesity prevalence has reported being around 10‒14% in Finland (17) and

13% in England (5). In our previous cross-sectional study, overweight and obese

BMI, and high WC, were associated with ADL disability in the oldest old women,

but  not  in  men (17).  Other  cross-sectional  findings  also  show associations  between

obesity and ADL disability (18, 19), and also between obesity and mobility disability

(20),  in  both  oldest  old  women  and  men.  Also  low  WC  or  BMI  have  been  cross-

sectionally associated with ADL disability (18, 19) or with a lower ADL score (21,

22), both among population-based samples of the oldest old (18, 19) and among
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nursing home residents with an average age of ≥85 years (21, 22). Yet, cognitive

status has shown to explain the association among nursing home residents (22).

Additionally, few longitudinal studies have presented results on the relationship

between  obesity  and  disability  in  the  oldest  old  (21,  23,  24).  In  them,  associations

between obesity and both mobility and ADL disability (23, 24), and between lower

weight and decline in ADL score (21), have been found. Of these three longitudinal

studies, one used self-reported measures of BMI and included participants who

already had ADL disability at baseline (24), one studied only nursing-home residents

(21), and one studied only women whose follow-up ended at the age of 85 years

(23).  Furthermore,  the  results  of  Reynolds  and  McIlvane  on  active  life  expectancy

were weighted to reflect the population aged ≥70 years (24). Studies investigating

the association between objectively measured BMI or WC and incident disability in

the oldest old are lacking.

By using the representative Vitality 90+ data we examined whether BMI and WC are

associated with incident mobility disability or ADL disability in 90-year-old persons.

METHODS

Design and Sample

We used longitudinal data from the Vitality 90+ Study, which is a prospective

multidisciplinary population-based study of people aged 90 or older living in the area

of Tampere, Finland. The flow chart of this study is presented in Figure 1. Data for

the present study was gathered from participants born in 1909–1910, 1911, 1912–

1913, and 1920. Baseline measurements for all cohorts were conducted during years

of 2000, 2001, 2003 and 2010 and each year the study was aimed at all inhabitants

aged 90–91 years, who were living in the city of Tampere according to the

population register. All cohorts combined the basic population consisted of 1,828

persons, including both community-dwelling and institutionalized persons. Yet, in

2003 anthropometric measures were available only for community-dwelling people.

Participants were followed-up with mailed questionnaires in 2001, 2003, 2007, 2010

and 2014 (Figure 1). The median follow-up for disability was 3.6 years (range 0.6–

7.8 years). All-cause mortality was determined from the Statistics Finland until year

2014 and the dates of death linked to the data set with a Personal Identity Code.
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For the current study, we included participants who were disability-free and had data

on  BMI  and/or  WC  at  baseline,  and  who  answered  to  at  least  one  mailed

questionnaire, or died during the follow-up. The final analytical sample of

participants included 291 women and 134 men. The baseline disability status was

based on Barthel Index (25) and all participants had to be independent in walking 50

meters on a level ground, climbing stairs, dressing up, and getting in and out of bed.

The  study  protocol  was  approved  by  the  Ethics  Committee  of  the  Tampere  Health

Center or the Ethics Committee of the Pirkanmaa Hospital District depending on the

year of data collection. All participants or their legal representatives gave their

written informed consent.

Anthropometric Measurements

Anthropometric measurements were conducted at baseline by trained study

personnel. Height was measured standing against a wall from the top of the head to

the floor and rounded to the nearest 1 cm. If someone had severe kyphosis or was a

bed patient, height was not measured and the person was excluded from the analyses.

Weight was measured by a digital scale (Soehnle, Germany) for all cohorts brought

along by the study personnel and rounded to the nearest 1 kg. Though, in 7 cases the

height  or  weight  was  self-reported.  BMI  was  computed  as  weight  in  kilograms

divided by height in meters squared (kg/m2) and categorized as (i) underweight

(<20.0 kg/m2), (ii) normal weight (20.0–24.9 kg/m2), (iii) overweight (25.0–29.9

kg/m2) and (iv) obese (≥30.0 kg/m2) (26).  For  the  underweight  we  used  a  slightly

higher cut-point than the standard 18.5 kg/m2 recommended by WHO (27) because

only 5 women and 1 man had a BMI below 18.5 kg/m2. In 2000, 2001 and 2003 WC

was measured midway between the level of the iliac crest and the lowest rib (27),

and in 2010 at the level of the iliac crest. The decision for changing the measurement

site  was  based  on  the  recommendation  of  U.S.  National  Institute  of  Health  (28).

However, earlier research shows that the measurement site for WC has no substantial

influence on the association between WC and morbidity or mortality (29). As both

low and high WC has shown to be associated with disability in the oldest old (17,

19), we categorized WC according to sex-specific tertiles, and decided to use

common cut-points for all cohorts. For women the WC tertiles were <82 cm, 82–89

cm, and ≥90 cm, and for men <91 cm, 91–99 cm, and ≥100 cm, respectively.
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Disability Outcomes

Identical questions on disability were repeated in the mailed questionnaires each

follow-up year. These questions were: 1) “Are you able to walk at least 400

meters?”,  2)  “Are  you  able  to  climb stairs?”,  3)  “Are  you  able  to  get  in  and  out  of

bed?”, and 4) “Are you able to dress and undress yourself?”. In all these questions

answers  “Yes,  without  difficulty”  and  “Yes,  but  it’s  difficult”  were  coded  as

independent, and answers “Only if somebody helps” and “No” were coded as

dependent. Based on these questions, two outcomes for incident disability were

formed (30).

Mobility disability was defined as being dependent in either walking 400 meters or

climbing stairs. Those who were independent in climbing stairs and walking 400

meters were categorized as having no mobility disability. ADL disability was defined

as being dependent in either dressing and undressing, or in getting in and out of bed,

and having mobility disability. Those who were independent in dressing and

undressing, and in getting in and out of bed, and who had no mobility disability were

categorized as having no ADL disability. There was only one person in our analyses,

who at the follow-up had no mobility disability, but who was dependent in either

dressing and undressing, or in getting in and out of bed. When modelling the

incidence of ADL disability, this person was included in the analyses as having no

incident ADL disability.

Comorbidity

In 2001, 2003 and 2010 comorbidity was based on self-reported diagnoses gathered

by a mailed questionnaire. It was asked in the questionnaire if a doctor had

diagnosed the participant with heart disease, cancer, dementia, stroke, diabetes,

osteoarthritis, Parkinson’s disease, hip fracture or depression. In the year 2000

comorbidity was based on medical diagnoses collected from health center records

maintained by public health care physicians, including also diagnoses made in

hospitals. For this study we chose the same diseases as gathered in the years 2001,

2003 and 2010. Comorbidity was classified according to the number of diseases as

(i)  low  (0  diseases),  (ii)  middle  (1  disease),  (iii)  high  (≥ 2  diseases),  and  (iv)  data

missing.
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Statistical analyses

To assess differences between women and men at baseline, we used t-test, Chi-

square test, and Mann-Whitney U test. Separate multinomial regression analyses

were used in examining if BMI and WC were associated with incident mobility

disability, or incident ADL disability. In both analyses the deceased were treated as

an alternative outcome. Categorical BMI and WC were used as predictors in our

analyses. The reference group for BMI was the overweight category, and for WC the

middle tertile, and the baseline category for disability was those with no incident

disability. The reason for using the overweight category as a reference group instead

of the normal weight category was that in our earlier longitudinal analyses on the

Vitality 90+ Study overweight persons had the lowest risk for mortality (31).

Separate follow-up times were calculated for mobility disability and ADL disability,

i.e. if the participant had incident mobility disability, the follow-up still continued for

ADL disability. Follow-up started on the day of baseline measurement, and ended on

the date of the latest questionnaire obtained. All analyses were adjusted for

comorbidity and sample year at baseline. Differences in the follow-up time were

taken into account as an offset option by using the natural logarithm of the follow-up

time.

Due to the central role of mortality in this population, we also assessed death as an

alternative outcome for mobility and ADL disability. Follow-up time for all-cause

mortality started at the day of baseline measurements, and ended at the date of death.

Those participants, who died during the follow-up without developing mobility or

ADL disability, were categorized as deceased. Mortality was followed-up for the

same time as disability (maximum follow-up time 7.8 years) but for the cohort born

in 1920, the maximum follow-up time for mortality was 3.3 years and for disability

3.7 years.

All statistical analyses were performed with SPSS for Windows (SPSS Inc.,

Chicago, IL) version 22.
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RESULTS

At baseline, 7% of women were categorized as underweight, 45% as normal weight,

36% as overweight and 12% as obese (Table 1). In men, 6% were underweight, 52%

normal weight, 33% overweight and 10% obese. During the follow-up, 47% of

women developed mobility disability as compared to 28% in men (p<0.001). Also,

15% of women developed ADL disability as compared to 8% in men (p<0.001).

Supplementary Figure S1 shows proportions of participants with incident mobility

and  ADL  disability  as  well  as  deaths  according  to  each  BMI  category  and  WC

tertile.

BMI or WC was not associated with incident mobility disability in either women or

men (Table 2). The only statistically significant result for the disability outcomes

was found between the lowest WC and ADL disability in women (lowest vs. middle

WC tertile: odds ratio [OR] 3.98, 95% confidence interval [CI] 1.35–11.77).

BMI  or  WC  was  not  associated  with  mortality  when  death  was  assessed  as  an

alternative  outcome  for  incident  mobility  disability  (Table  2).  But  when  death  was

assessed as an alternative outcome for incident ADL disability in women, normal

weight (vs. overweight) increased the probability of death (OR 2.15, 95% CI 1.13–

4.11) and the highest WC (vs. middle tertile) was borderline protective from death

(OR 0.52 ,95% CI 0.27–1.02).

DISCUSSION

The study is among the first to investigate longitudinal associations of BMI and WC

with disability in the oldest old. In nonagenarian women, but not in men, low WC

was associated with incident ADL disability. Compared to overweight BMI, having

a low or high BMI was not associated with incident mobility or ADL disability in

men or women.

Our findings of the association between low WC and incident ADL disability in the

oldest old women are supported by a recent cross-sectional study on the oldest old

(19). Yet, in our previous cross-sectional study high WC was associated with ADL
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disability (17) which suggests that there may be divergent cross-sectional and

longitudinal associations on obesity and ADL disability in very old persons. There is

also some evidence that obesity may predict ADL disability in the oldest old (24) but

more prospective studies are needed to elucidate the role of obesity in the

development of disability in the oldest old population.

The  association  we  found  for  low  WC  and  ADL  disability  reflects  the  dangers

associated with low weight. People with low weight may suffer from malnutrition,

which makes them more susceptible to disease and disability (32). Weight loss and

underweight are also associated with severe diseases, such as cancer, and low weight

is also a typical feature in frailty, which is closely associated with disability (33, 34).

The reason why the results for the underweight BMI did not provide statistically

more significant results may partly be explained by the low number of underweight

participants and the relatively low participation rates. One explanation for finding no

longitudinal associations between obesity and incident mobility or ADL disability

may relate to the characteristics of nonagenarians. They are a highly selected

population group and they are prone to experience rapid changes in health and

functional status for various health related reasons. Thus, obesity does not arise as a

significant factor associated with disability when examined prospectively. It may

even be viewed that obesity in the oldest old could be a sign of good health,

especially if the person is free of disabilities. Though, in case of sarcopenic or

dynapenic obesity, which is characterized with low muscle mass or strength in

combination with obesity (35), disability incidence may be high (36) also among the

oldest old. Due to small number of obese persons in our study, we were not able to

separately examine disability incidence among persons with sarcopenic obesity.

Mortality may play a role in the gender differences showing that women, but not

men, with low WC were prone to develop ADL disability. For the follow-up data,

the intervals between the data collections varied between 1 and 4 years for the

different cohorts and some of the incident mobility and ADL disabilities were

undoubtedly lost to mortality. It is well known that in older adults women are more

disabled than men but men have a higher mortality risk (37). Tiainen and colleagues

have demonstrated in the oldest old that mobility and ADL disability increase

mortality risk more in men than in women (38). It may be that a relatively large part
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of men with incident disability died before they got the chance to answer to the

mailed questionnaire.

The study has some limitations that are important to consider when interpreting the

results. First, the small sample size especially in men restricts drawing any strict

conclusions on the results. Also the relatively low participation rates have most

likely led to a selection bias. It is likely that especially persons, who have low weight

and who are close to death, have not taken part to the baseline measurements nor

answered to the mailed questionnaire. Second, at baseline mobility disability

concerned walking 50 meters independently, whereas at follow-up it concerned

walking 400 meters independently. However, both at baseline and at follow-up, the

question referred to walking outside, and the effect of possible bias was equal for

each BMI and WC group. Third, height is not always easy to measure optimally

among the oldest old due to kyphosis, a slouching posture , and/or osteoporotic

compression (40). This may have caused some overestimation of the BMI values.

For WC the measurement site was different for the 2010 cohort as compared to the

other cohorts. Yet, we believe we could separate adequately those with low, middle

and high WC.  In general it is difficult to reach a representative sample of the oldest

old and due to different illnesses and functional limitation the measurement of their

WC is often a challenging procedure in practice. Fourth, the relationship between

obesity and disability may have changed between the study years 2000 and 2010

(41). A previous study from the US suggests that obesity is associated with more

functional impairment in later cohorts as compared to earlier cohorts (41), however,

corresponding data is not available in Finland. Therefore, we decided to include all

available study cohorts to maximize our study sample and differences between

cohorts were controlled for adjusting for the cohort in the analyses. Finally, in 2001,

2003 and 2010 comorbidity was defined based on self-reported diseases and in 2000

based on health center data. Due to these different sources of information some

diseases may have been overreported or underreported in 2001, 2003 and 2010 as

compared to 2000 (42). However, adjusting for the cohort in the analysis should at

least partly take into account the possible discrepancy in the comorbidity variable.

The strengths of the study include a unique data set of a representative population-

based sample of nonagenarians. Similar studies with the oldest old population are
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scarce. Objectively measured height, weight and WC are included to the strengths of

the study as well. Taking into account the very high age of our participants, we had a

high participation rate during the follow-up, and 94% of the participants meeting the

baseline criteria provided outcome data.

To conclude, obesity is not associated with incident mobility or ADL disability in

nonagenarians. Instead, low WC is associated with an increased risk of developing

ADL disability in nonagenarian disability-free women.  The results emphasize the

importance of weight surveillance among the oldest old.
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Table 1. Characteristics of the Study Population Aged 90–91 years: The Vitality 90+ Study
Women Men P Value
n = 291* n = 134*

Baseline
Height, m 1.57 (8.4) 1.71 (0.06) <0.001
Weight, kg 62.7 (10.2) 73.2 (11.4) <0.001
BMI, kg/m2, Mean (SD) 25.3 (4.1) 25.0 (3.5) 0.468
BMI categories, kg/m2, n (%) 0.653
          Underweight (<20.00) 19 (6.8) 7 (5.8)
          Normal weight (20.00–24.99) 125 (45.0) 62 (51.7)
          Overweight (25.00–29.99) 101 (36.3) 39 (32.5)
          Obese (≥30.00) 33 (11.9) 12 (10.0)
WC, cm, Mean (SD) 86.8 (11.2) 96.2 (10.6) <0.001
WC tertiles, cm, n (%) 0.943
          I (<82 cm for women, < 91 cm for men) 89 (31.9) 38 (30.2)
          II (82‒89 cm for women, 91‒99 cm for men) 93 (33.3) 44 (34.9)
          III (≥90 cm for women, ≥100 cm for men) 97 (34.8) 44 (34.9)
 Comorbidity, n (%) 0.309
          Low (0 diseases) 47 (16.5) 26 (19.4)
          Middle (1 disease) 91 (31.3) 51 (38.1)
          High (≥2 diseases) 135 (46.4) 51 (38.1)
          Data missing 17 (5.8) 6 (4.5)
Follow-up
Mobility disability <0.001
          No Incident Disability, n (%) 60 (20.6) 25 (18.7)
          Incident Disability, n (%) 136 (46.7) 37 (27.6)
          Deceased, n (%) 95 (32.6) 72 (53.7)
ADL disability§ 0.003
          No Incident Disability, n (%) 108 (37.1) 38 (28.4)
          Incident Disability, n (%) 44 (15.1) 10 (7.5)
          Deceased, n (%) 138 (47.4) 86 (64.2)
Follow-up time for mobility disability, years, Median (IQR) 3.3 (1.6–4.5) 3.0 (1.5–4.3) 0.397
Follow-up time for ADL disability, years, Median (IQR) 3.6 (2.5–6.4) 3.5 (1.9–4.8) 0.021

Notes: BMI = body mass index; WC = waist circumference; ADL = activities of daily living
SD = standard deviation; IQR = interquartile range
*Total number of participants. For BMI and WC the number of participants is 278 and 279 in women,
  and 120 and 126 in men, respectively.
§For ADL disability n=290 in women
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Table 2. The Association of BMI and WC with incident mobility and ADL disability in a maximum follow-up of 7.8 years in women and men aged 90–91 years
Mobility Disability* ADL Disability*

No Incident Incident No Incident Incident
Disability Disability Deceased Disability Disability Deceased

OR (95% Cl) OR (95% Cl)
Women (n = 291)
     BMI§

         underweight vs. overweight 1.0 0.50 (0.13–1.92) 0.57 (0.11–3.06) 1.0 2.51 (0.45–13.84) 2.18 (0.65–7.37)
         normal weight vs. overweight 1.0 1.24 (0.57–2.72) 1.11 (0.38–3.25) 1.0 1.72 (0.70–4.23) 2.15 (1.13–4.11)
         obese vs overweight 1.0 1.64 (0.57–4.76) 0.47 (0.12–1.83) 1.0 0.79 (0.18–3.47) 0.73 (0.29–1.87)
     WC tertiles||

         I vs II 1.0 1.66 (0.66–4.15) 2.79 (0.88–8.82) 1.0 3.98 (1.35–11.77) 1.58 (0.75–3.30)
         III vs II 1.0 1.19 (0.54–2.62) 0.96 (0.34–2.73) 1.0 1.68 (0.60–4.76) 0.52 (0.27–1.02)
Men (n = 134)
     BMI§

         underweight vs. overweight 1.0 NA NA 1.0 NA NA
         normal weight vs. overweight 1.0 0.81 (0.16–4.17) 1.31 (0.25–6.93) 1.0 0.10 (0.004–2.47) 0.95 (0.28–3.25)
         obese vs overweight 1.0 1.45 (0.14–14.57) 0.92 (0.05–16.30) 1.0 NA 0.31 (0.05–1.85)
     WC tertiles||

         I vs II 1.0 0.56 (0.08–4.03) 0.50 (0.08–3.17) 1.0 0.54 (0.04–7.59) 0.73 (0.21–2.54)
         III vs II 1.0 1.21 (0.21–6.94) 0.42 (0.07–2.53) 1.0 0.61 (0.05–6.87) 0.49 (0.14–1.65)

Notes: BMI = body mass index; WC = waist circumference; ADL = activities of daily living; OR = odds ratio; CI = confidence interval; NA = not applicable; not
enough participants for the analyses
*Multinomial logistic regression analyses. Adjusted for comorbidity and sample year at baseline.
Differences in follow-up times were taken into account by using a natural logarithm of follow-up time.
§BMI classifications: Underweight, <20.0 kg/m2; normal weight, 20.0‒24.9 kg/m2 ; overweight, 25.0‒29.9 kg/m2; obese: ≥30.0 kg/m2

||WC tertiles for women <82 cm, 82‒89 cm, and ≥90 cm, and for men <91 cm, 91‒99 cm, and ≥100 cm.
2
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