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CHAPTER 7
In this Chapter, the main findings of the studies included in this thesis will be
discussed. The results and the methods used will be put into context of scientific
literature. Finally, directions for future practice and research will be addressed.

Main findings
Overweight history and physical function
A cumulative effect of overweight over the life course on functional limitations at
young old age was described in Chapter 2. We found that being overweight, as
assessed by BMI, since young adult age (25 years) increased the odds for the
(development of) functional limitations at young old age (55!65 years). As
compared to older adults who were never overweight, persons who were
overweight since age 25 years or 40 years had an approximately twofold higher
risk, after adjustment for socioeconomic and lifestyle factors, chronic diseases and
grip strength. Older adults who were only currently overweight had a 30%
increased risk for functional limitations as compared to their peers who were
never overweight. A longer overweight history at age 55!65 years also increased
the risk for a deterioration of self!reported functioning during three years of
follow!up. Both cross!sectionally and prospectively, these associations were
strongly attenuated after adjusting for current BMI. The mean current BMI was
higher with longer overweight history, so this could be an important reason for
the higher risk for functional limitations. However, one does not get high BMI in
old age without either a high BMI at young adult age or a large increase of BMI
over the adult life course. The different roles of these two factors are difficult to
disentangle.
Obesity and pain
In Chapter 3, we showed that pain is highly prevalent among older adults and that
overweight in older adults is strongly associated that both the prevalence and the
incidence of pain. The associations with both BMI and waist circumference were
assessed and found to be equally strong. A two! to threefold higher risk for the
development of pain during 6 years of follow!up in the highest quartiles of BMI
and waist as compared to the lowest quartiles was found. One of the leading
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causes of pain in older adults is osteoarthritis, which is also strongly associated
with obesity itself. Adjustment for self!reported osteoarthritis, however,
attenuated the associations in both men and women, but they remained
statistically significant.
Development of new standards for overweight in old age
In Chapter 4 through 6 we described the process of developing new standards for
the assessment of overweight in older adults. We decided to explore the usability
of known and accepted anthropometric measures to assess health risks. Waist
circumference was considered to have the highest potential to be able to
correctly categorize health risks in older adults if optimal cut!off values would be
defined. In the literature, the waist circumference has been described to be a
strong predictor of both chronic diseases and functional limitations in older
adults.
In search of the optimal method to study the applicability of cut!off values for
waist circumference in Chapter 4, we started off by studying the linear association
of waist circumference with BMI in a representative population of Dutch older
adults aged "70 years. Translating the widely used BMI cut!off values to cut!off
values for waist circumference, the waist circumference cut!off values needed to
be shifted upwards in both older men and women as compared to the cut!off
values according to the WHO. Comparing both sets of cut!off values, we found
stronger associations between our newly identified categories of waist
circumference and mobility limitations. Furthermore, when applying the newly
identified cut!off values, the area under the Receiver Operating Characteristics
curve (ROC) increased and the quality of the regression models improved based
on the Akaike’s Information Criterion (AIC) measure for model fit. On the purpose
of assessing the applicability of the cut!off values in stratifying health risks, spline
regression curves were drawn to carefully visualize the shape of the dose!
response relationship between waist circumference and mobility limitations. The
visual inspection of the spline regression curves confirmed the appropriateness of
an upward shift of the cut!off values of waist circumference in older men and
women as compared to the WHO cut!off values.
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In Chapter 5, we continued by to assess the dose!response relationships between
waist circumference and several additional important health outcomes in older
adults. The shapes of the associations with cardiovascular diseases (CVD),
diabetes and knee osteoarthritis were almost linear and no thresholds could be
detected. By visually inspecting the non!linear curves of the associations between
waist circumference and pain, mobility limitations and urinary incontinence,
appropriate cut!off values were proposed. A cut!off value of 109 cm was selected
in men and a cut!off value of 98 cm was selected in women. The quality of the
models when applying several cut!off values was assessed using proper statistical
techniques. The results of these analyses in women closely matched the proposed
cut!off values based on the visual inspection of the spline regression curves; a
shift of one centimeter to 99 cm further improved the performance of the
models. In men, cut!off values between 100 cm and 106 cm were shown to
perform comparably well, but applying higher cut!off values deteriorated the
models. Therefore, cut!off values of 106 cm in men and 99 cm in women were
proposed.
In Chapter 6 we aimed to assess the validity of the proposed cut!off values for
waist circumference, when applied in data of other cohort studies. The
associations of waist circumference with the same health outcomes studied in
Chapter 5 were assessed in four different cohort studies of older men and women
from four different countries. Shifting the cut!off values upwards from the WHO
cut!off value of 88 cm to 99 cm in women consistently improved the classification
of health problems with 5!10% in association with the majority of health
outcomes in all cohorts. In men, no significant improvements or deteriorations of
the classification of health risks were found. It can be concluded that in men aged
70 years and older, there is no need for a shift upwards of the waist cut!off value,
as compared to the cut!off used in adult populations. A shift of the waist
circumference cut!off value from 88 cm to 99 cm in women aged 70 years and
older seemed to be a valuable improvement of the classification of health risks.
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Anthropometric indicators and cut!offs
Optimal anthropometric indicator for assessing health risks in older adults
We aimed to develop a standard for the assessment of overweight in older adults
that would be feasible to implement in both a clinical and a public health context.
BMI and waist circumference are by far the anthropometric indicators most often
used, but some others have been described in literature, such as waist!to!hip
ratio, abdominal sagittal diameter and waist!to!height ratio. Because BMI and
waist circumference are already widely known and widely used, we wanted to
assess the possibility of correctly classifying health risks related to overweight in
older adults using these indicators.
Waist circumference and BMI are strongly correlated with each other and waist
circumference has been shown to be strongly correlated with both total and
visceral fat (1, 2). Waist circumference was considered to have some advantages
over BMI. First, waist circumference has been shown to be a stronger predictor of
obesity!related health consequences in older adults as compared to BMI (3!5).
Furthermore, the age!related body height loss, caused by shrinkage of the spine,
causes BMI to be prone to overestimation in an aging population (6, 7). An
increase of the BMI in old age can be the result of weight gain, but also of a loss of
body height. Waist circumference has been shown to be fairly independent of
body height and adjusting waist circumference for body height seems to be
unnecessary (8). Because gains of fat mass are potentially accompanied by age!
related losses of lean mass, BMI might not increase with increasing adiposity (9,
10). With aging, fat is progressively stored in the abdominal cavity and increasing
adiposity is expected to lead to an increased waist circumference in older adults
(9). The age!related fat redistribution causes the waist circumference to be higher
in older adults at a given BMI (9). Finally, the assessment of waist circumference
can be performed taking a single measure using an inexpensive measuring tape.
BMI requires two measurements using two more expensive instruments.
Furthermore, a calculation has to be made before the measured values can be
interpreted, which is prone to error (11).
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Objectives for the use of anthropometric indicators
The WHO has listed several objectives for the use of anthropometric indices in
their technical report in 1995 (12). First, it was stated that indicators can be used
to identify individuals and populations at risk for health complications and that for
this purpose, the indicator should reflect past or present risk or predict future risk.
Secondly, they are useful for the selection of individuals or populations eligible for
an intervention and for the evaluation of the effects of an intervention. For the
sake of the selection of individuals, the indicator should predict the benefit to be
derived from an intervention, while for the application to the evaluation of
interventions an indicator should be able to reflect the response to the
intervention. Furthermore, research purposes of anthropometric indicators were
also mentioned in the WHO report, but not elaborated on. Anthropometric
indicators are widely used in epidemiological research to model the health
consequences of obesity. The use of standardized measures and cut!off values
allows a comparison of study results. Finally, the uses of anthropometric
indicators to reflect normality in a population or to exclude individuals from, for
example, high risk treatment or employment were briefly described.
Implications of the newly proposed cut!off value
The different objectives for the use of anthropometric indicators might require
different quality standards. For example, for some objectives the specificity might
be more important than the sensitivity and visa versa. However, using different
standards of anthropometric indices on different occasions is prone to result in
confusion by the public and health professionals. In this paragraph, the implica!
tions of the newly proposed cut!off value in women will be evaluated in the light
of various possible applications.
Our study of the dose!response relationships between waist circumference and
obesity!related health problems resulted in the proposal of an upwards shift of
the cut!off value for high risk waist circumference in older women. Using a higher
cut!off value of a sole predictor will lead to an increased specificity and,
consequently, a decreased sensitivity (Figure 1). The sensitivity of a test is the
proportion of people having a certain condition that is recognized as being at risk
for having this condition by that test. Using a higher cut!off value, less people will
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be identified as being at risk and thus the sensitivity is decreased. The specificity,
on the other hand, represents the proportion of people recognized by the test as
being at risk that actually has the condition of interest. In our case, by shifting the
cut!off value upwards, less people were considered to be overweight while they
were not at risk for health problems, so the specificity went up. In our cross!
validation study, the number of older women rightfully classified as being at high!
risk for health complications increased with 5!10% by the new cut!off values
according to the Net Reclassification Improvement (NRI), which weights sensitivity
and specificity equally.
Figure 1. Illustration of the changes of the sensitivity!specificity trade!off by shifting the
cut!off value of a sole predictor of a diagnostic test.

TN = True negatives, TP = True positives, FN = False negatives, FP = False positives

Because of the high prevalence of a large WC among older adults, an improved
specificity is desirable in terms of the allocation of financial means (12). By a high
specificity, the percentage classified as high risk that actually has health problems
is high. Only few persons will be unnecessarily referred to, and treated by a
doctor. Specificity is especially important if an intervention is associated with
health risks (12). Interventions targeting a large waist circumference obviously
involve weight loss. Weight loss interventions in older adults have been reported
to be beneficial for cardiovascular and metabolic health and for function, but to
also have adverse health effects in some subjects (13). Accompanying losses of
muscle mass have been described to be prevented by exercise (14). The reported
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inability to prevent losses of bone mass (15) increases the importance of selecting
individuals for weight loss interventions with high specificity. Targeting persons at
high risk encourages benefits of weight loss to be frankly appraised. Furthermore,
an anthropometric indicator with a cut!off value that is too low (or too high)
might cause a low relative risk for negative health outcomes of persons who are
above the cut!off as compared with persons below, and as a consequence, the
relative risk will not be considered high enough to take action. So, accurate cut!off
values will prevent underestimation of health risks in epidemiological research
which may lead to unawareness of the importance of maintaining a healthy
weight throughout old age.
The decreased sensitivity of the new cut!off values also has its drawbacks when
the criteria are applied for some specific aims. A highly sensitive measure is
important when the objective is to raise awareness among the population; people
will feel addressed by a public health message even though their individual health
risk might not be shockingly elevated. When an intervention is suitable and
affordable for virtually everybody and has no adverse side effects, a cut!off value
can be chosen at 100% sensitivity to be able to treat all those at risk (12).
Adopting a healthy lifestyle for example is suitable and safe for virtually
everybody. When less people feel addressed by public health messages because
they are below a cut!off value that is shifted upwards, it might decrease their
willingness to adopt a health lifestyle.
Published methods for defining cut!offs
Molarius and Seidell (16) summarized the criteria used in literature for the
selection of classification systems of anthropometric indicators in 1998. The first
of the described criteria, is the use of percentiles of population distributions and
standard deviations of the mean. A drawback of this approach is the assumption
that the population distribution of an anthropometric indicator is desirable and
that a certain percentage of the population has values that are undesirable.
Further disadvantages are that, by the use of this method, population!specific cut!
off values are defined and that cut!off values will change over time. A second
method often used is substitute one anthropometric indicator with another by a
comparison of the two. This method was applied when the original waist
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circumference cut!off values were established based on those of BMI by Lean et al
(17). The cut!off values constructed by this method are highly dependent on the
validity of the comparative anthropometric indicator and its cut!off values.
Finally, two methods were described by Molarius and Seidell relying on the
(relative or the absolute) health risk associated with the anthropometric indicator
under study. One is the evaluation of the Receiver Operating Characteristics (ROC)
curve to asses the sensitivity, specificity and/or the positive and negative
predictive values. The ROC method has been applied many times over recent
years, especially in studies aiming for ethnic!specific cut!off values of waist
circumference and other anthropometric indicators. However, in a recent paper
(18) the authors concluded that methods relying solely on maximizing sensitivity
and specificity to determine cut!off values might oversimplify the complexity of
the matter. By assessing the relationship between the population mean waist
circumference and the reported optimal cut!off values of waist circumference in
published papers, it has been shown that the variation in cut!off values proposed
by these studies was mainly driven by the mean level of waist circumference in
the populations studied. The second method described by Molarius and Seidell to
define cut!off values relying on health risks associated with the anthropometric
indicator, is studying the absolute risks for health problems of interest. They
stated that defining a cut!off value based on the visual inspection of the shape of
an association showing a gradual increase of risk is rather arbitrary. They argue
that an important drawback is the difficulty of well defining the criteria on which
the establishment of a cut!off value was based. Nevertheless, this method was
suggested as a promising direction of future research by Wang et al (18).
Methods used for defining cut!offs in this thesis
In the studies described in this thesis we applied different methods complemen!
ting each other in terms of reliability of the results and to compensate for the
drawbacks of each individual method. First, we used the association between
waist circumference and BMI basing new waist circumference cut!off values on
the existing BMI cut!off values. In literature, as a result of the redistribution of fat,
higher waist circumferences relative to BMI in older as compared to younger
adults have been described (9). As expected, higher cut!off values were suggested
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by the results of this analysis, but we also recognized that the results were highly
dependent on the validity of BMI and its cut!off values which is questionable in
older adults (19).
We proceeded using a sensitivity/specificity!based method to test the perfor!
mance of our newly defined cut!off values in association with mobility limitations.
The area under the ROC curves was higher when the higher cut!off values were
applied, pointing out that the sensitivity!specificity trade!off was improved.
However, the cut!off values under comparison were established using a method
with some serious drawbacks (the association between BMI and waist). In a next
step we drew spline regression curves in which the dose!response relationship
showed that the risks for mobility limitations were not yet increased at the level
of the WHO cut!off values of waist circumference in both men and women.
However, as Molarius and Seidell already stated (16), it was difficult to define one
optimal cut!off value based on the gradual increase of the risk. When taking into
account several additional important health outcomes, we felt that we might be
able to define a general cut!off value at which the risk was increased for all
outcomes. By using the dose!response relationships with six different, important
health outcomes we aimed to adequately define new cut!off values of waist
circumference in older adults. We aimed to lower the arbitrariness that was
suggested to be involved in identifying cut!off values this way, by obtaining three
independent assessments of the potential optimal cut!off value. Than, model fit
analyses were performed to objectively determine the potential improvement by
shifting the cut!off values upwards.
To establish whether or not the higher, new cut!off values were highly dependent
of the data used, the cut!off values were cross!validated using different cohort
data. The new cut!off values were tested for a positive sensitivity specificity trade!
off (as compared to the WHO cut!off values) using the Net Reclassification
Improvement (NRI), in four cohorts of older adults from four different countries.
Results consistently confirmed that an upwards shift of the cut!off value in
women improved the classification of health problems. In men, consistent results
of the different study cohorts showed that the classification of health
complications would not be improved by an upwards shift of the cut!off value for
waist circumference.
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Methodological considerations
Representativeness and attrition in longitudinal studies of aging
In the studies included in this thesis, data from longitudinal population!based
studies have been used. Using this type of observational studies, the natural
course of the development of health and functional problems in a real!life setting
can be studied over time which encourages the generalizibility of the results.
However, some important limitations should also be discussed. Longitudinal
observational studies, particularly those conducted in older adults, suffer from
missing data and attrition. Because health and functional problems are more
prevalent in old age, data collection can be hampered and selective survival is
likely to occur. Mortality accounts for by far the largest part of the drop!out in the
described study samples, while a considerably smaller part is caused by
participants refusing or becoming too frail to participate. Mortality does not
necessarily influence the representativeness of the sample because in the general
older population a high mortality rate is typical as well (20). Still, the drop!out
caused by death can bias estimations of relationships between variables under
study. The attrition and its effects in the LASA cohort have been previously
studied (21, 22). Attrition was found to be dependent on several population
characteristics, but how the attrition might influence the relationship between
predictors and outcomes studied in the current thesis remains unknown. Because
obesity increases the risk for mortality and frailty (23), obese persons might be
underrepresented in the oldest age groups. Also, many of the outcomes under
study might have negatively influenced participation rates. The obese participants
who are still in the study, might represent the ones less susceptible for the
consequences of overweight on their health and physical function. Therefore, the
associations in this thesis could be underestimated.
Longitudinal versus cross!sectional analyses
An advantage of longitudinal as compared to cross!sectional analyses is that
conclusions can be drawn on the order in which determinant and outcome occur.
Even after accurate adjustments for confounding, knowing the order of
occurrence does not necessarily imply a causal relationship. There might be
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unmeasured or unknown (underlying) factors influencing both the determinant
and the outcome.
In order to establish the sequence in which determinants and outcomes occur,
longitudinal analyses are necessary. In Chapter 3, we performed cross!sectional as
well as longitudinal associations. These analyses showed that the development of
pain was preceded by having a high BMI or waist circumference, but that having
pain did not increase the risk for subsequent weight gain. However, performing
analyses longitudinally not always represents the strength of the associations
under study. When studying the incidence of, for instance, mobility limitations or
chronic diseases, participants with prevalent conditions at baseline need to be
excluded from analyses. Besides from the consequences from these exclusion
criteria in terms of statistical power, the selectiveness of the sample needs to be
taken into account. Obese older persons ("70y) without the excluded condition
might represent a rather selective group of people relatively insusceptible for the
negative consequences of obesity for their health. In Chapter 2, a longitudinal
association between weight history and an increase of functional limitations was
found, while no association with the incidence of functional limitations was found.
Both the phenomenon of selectivity and/or the decreased statistical power might
have played a role.
Although longitudinal data were available for the studies described in Chapter 4
and 5, data were analyzed cross!sectionally. When performing preliminary
longitudinal analyses on the dose!response relationship between waist
circumference and several health outcomes by means of spline regression curves,
we found no associations. The analyses resulted in flat lines of the spline
regression curves which is probably caused by the selectiveness of the sample
(due to exclusion of subjects having prevalent conditions at baseline), as
described above. Because the associations between waist circumference and the
selected important health outcomes have all been established in previous
research, we felt confident that studying the cross!sectional associations would
answer our study questions focusing on the determinant, being waist
circumference.
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Multivariate versus univariate analyses
With adjustment for confounding factors in the analyses, the influence of waist
circumference on health outcomes would be assessed, given that all factors
adjusted for are stable. In order to assess the power to predict health problems
solely by someone’s waist circumference, univariate analyses were performed in
the studies described in Chapter 4 through 6. This way, we aimed to identify cut!
off values that optimally classify health risks for a heterogeneous population of
older adults. The independent associations of a large waist circumference with the
outcomes under study all have been previously established in older adults (24!33).
In practice, (extensively) adjusted analyses would resemble the screening for
health risks based on several risk factors like, for instance, socio!demographic
factors (e.g. age, education), cardiovascular risk factors (e.g. blood pressure,
cholesterol) and/or medical history. Because our aim was to establish an easy
assessable measure to screen for elevated overweight!related health risks, the
decision was made to conduct unadjusted analyses.
Measurement of waist circumference
Different protocols for the measurement of waist circumference are being used
and there is currently no consensus on the optimal site or protocol. According to
the WHO guidelines, measures should be taken at the midpoint between the
superior border of the iliac crest and the lowest rib (34). Other guidelines
recommend the measures to be taken directly above the surperior border of the
iliac crest, at maximal or minimal waist or at the umbilicus. In LASA, waist
circumference was measured midway between the superior border of the iliac
crest and the lowest rib in standing position after a normal expiration (in
accordance with the WHO guidelines). The measurement of waist circumference
has been performed differently in the different cohort studies used in Chapter 6.
In the InCHIANTI study the protocol was similar to the LASA protocol. The largest
abdominal circumference between the superior border of the iliac crest and the
lowest rib was measured in the Health ABC study and in the AGES!Reykjavik study.
All measures were taken at the end of a normal expiration with the participant in
standing position using a flexible plastic tape measure.
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Several studies have been performed to determine whether the magnitude of
waist circumference differs across measurement sites (35, 36). The reprodu!
cibility, both intra! and interobserver, of the measures taken by the different
protocols was equally high. The variability of the measurement was found to be
substantial, particularly in women (for example 8.6 cm difference between the
minimal waist and the umbilicus (35)). As a consequence, prevalence rates of
abdominal obesity when using waist circumference dichotomously, differed
dramatically between the minimal waist (30.7%) and the umbilicus (55.2%) in
women (35). These differences might hamper comparisons of prevalence data
between studies using different measurement protocols.
Also, it has been studied whether the protocol influences associations between
waist circumference and health outcomes. Ross et al. (37) concluded that the
waist circumference measurement protocol has no substantial influence on the
associations between waist circumference and mortality and morbidity. The WHO
cut!off values for waist circumference were established using the WHO
measurements protocol (17). The same protocol was used for the establishment
of the new cut!off value in our studies (Chapter 5). It is possible that the proposed
cut!off value would have been slightly different when another measurement
protocol was used. However, as reported in Chapter 6, our new cut!off value of
waist circumference in older women was found to better classify health risks as
compared to the WHO cut!off value independently of the measurement protocol
used.
Outcome measures
In our studies, we looked at the consequences of obesity in old age by assessing
the associations with a range of important health outcomes in old age. In deciding
on the outcomes of interest, great emphasis was put on quality of life!related
aspects, apart from studying the cardiovascular and metabolic consequences of
(abdominal) obesity. The direct association between obesity and quality of life has
been previously described, as has the indirect association trough comorbidities
(38). The large impact of mobility and functional limitations (39), osteoarthritis
(40), pain (41) and urinary incontinence (42) on quality of life in old age has been
previously established. Also, the ability to perform activities of daily living and to
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move around and to be healthy and independent were among the facets of
quality of life which were shown to be particularly important to 7,401 older adults
from 22 countries (43). Functional capacity, osteoarthritis, (back) pain, diabetes,
and depression were all suggested to be of great importance for the quality of life
of older adults by other studies (44, 45). Although various important health
outcomes in older adults were studied in the assessment of new cut!off values,
many have not been studied. Outcomes such as health care use, independence
and nursing home admission are good examples of other important outcomes to
study in association with overweight in older adults. The applicability to categorize
risk for (these) other health outcomes by the new cut!off value needs to be
studied in future research.

Weight management in old age
The emphasis given to the dose!response relationships in our studies shows that
priority was given to the identification of individuals at risk as the aim of the
newly developed cut!off value. Nonetheless, the use of the new cut!off value
might also be suitable for other purposes like for example selecting individuals to
participate in interventions and evaluating the effects of such interventions. Now
that the association between waist circumference and important health outcomes
is established, the question whether or not these health problems can be
reversed by weight loss at old age is very relevant.
Monitoring weight loss by waist circumference
Based on our studies, no conclusions can be drawn on the applicability of the cut!
off values of waist circumference to evaluate the effects of (weight loss)
interventions in older adults. To our knowledge, only one weight loss intervention
study in older adults has evaluated the effects of an intervention on waist
circumference (46). In a small sample of men and women with a mean age of 70
years with a BMI of "30 kg/m2, a mean decrease of waist circumference of 10 cm
was reported after 26 weeks of lifestyle intervention. The applicability of waist
circumference to reflect the response to a weight loss intervention in older adults
however, needs to be further addressed in future research.
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Benefits of voluntary weight loss in older adults
Weight loss treatment in older adults is still a controversial topic with limited
scientific knowledge. The paucity of conducted trials increases in older age
groups. Several reviews on weight loss trials in older adults have been conducted
in recent years (13, 47!49), and one of these studies also performed a meta!
analysis (13). In this meta!analysis, nine randomized controlled trials among
persons with a mean age of "60 years and a follow!up of over one year were
included. Only one of the included studies was performed in participants with a
mean age of over 70 years (15). All interventions were based on weight loss
through lifestyle modifications, most interventions contained both caloric
restriction as well as a physical activity program. A drawback of this approach is
the inability to separate effects of weight loss and an increased physical activity
level. However, the studies that included both a diet only and/or a physical
activity only as well as a combined intervention group, positive effects on weight
and/or health and function outcomes were largest in the combined groups. All
four reviews (13, 47!49) conclude that weight loss interventions in older adults
should contain physical exercise programs additional to restrictive diets.
The meta!analysis showed that a modest but significant reduction in body weight
of 3.0 kg was achieved after 12 months by the different weight loss interventions.
Based on the meta!analysis, the only health parameter other than weight loss on
which conclusions could be drawn was total cholesterol, which was not
significantly lowered. Data on other health outcomes were all insufficiently
measured but individual studies reported positive results. Based on these data,
positive effects of weight loss interventions in older adults on physical function,
quality of life, osteoarthritis and cardiovascular and metabolic risk factors seem
plausible. The lack of high quality long term interventions was emphasized in all
reviews. Addressing outcomes that are directly relevant to older people like
physical function, pain, urinary incontinence and quality of life is of great
importance.
Adverse effects of voluntary weight loss in older adults
Apart from the lack of convincing evidence, other issues enhance the controversy
on weight loss treatment in older adults. Concerns are raised about the loss of
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muscle strength and muscle mass (14), bone mass (15, 50, 51) and an increased
risk for mortality accompanying intentional weight loss (52, 53). Losses of lean
mass are suggested to be proportional to the amount of weight loss as compared
to studies performed in younger adults. However, older adults already experience
age!related losses of lean mass and the risk for becoming frail might rise with
intentional weight loss (54, 55).
It has been described that intentional weight loss achieved by a combined
intervention on diet and exercise might prevent the adverse effects on muscle
strength (10). Although it has been found to be difficult to prevent any loss of
muscle mass during a weight loss intervention, muscle strength can be maintained
by adding exercise to the weight loss program (14, 56, 57). Muscle strength is
found to be higher among obese older adults, which is thought to be an effect the
greater strength needed to bear their own weight (58). Relative to their body
weight however, obese older persons are reported to have a lower strength as
compared to their lean peers (32, 58). The effects of simultaneously having a high
body weight and low muscle strength, which is called dynapenic/sarcopenic
obesity, have been reported to be more detrimental than would be expected by
adding the separate effects of obesity and muscle weakness (59). The prevention
of dynapenia and/or dynapenic obesity is important to take into account in
developing a weight loss intervention in older adults.
It has been suggested that the loss of bone mass during weight loss therapy
among older adults can not be prevented (15). Both resistance and endurance
training, the prescription of high doses of calcium and vitamin D as well as
antiresorptive therapy have been suggested to have a potential protective effect
against the loss of bone mass during weight loss intervention (56). Because
obesity is associated with an increased bone mineral density, the clinical
implications of the bone loss accompanied with weight loss remain unclear.
Based on data from observational studies, it has been suggested that the risk for
mortality increases with both intentional as well as unintentional weight loss (60,
61). However, questions have been raised whether the self!report of weight loss
intention is accurate. To our knowledge, Shea and colleagues (62) were the first to
report on the effects of a weight loss intervention on mortality. They concluded
that weight loss, either dietary only or by dietary weight loss and exercise, yielded
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no additional risk for all!cause mortality during an average of 8 years of follow!up
as compared to the non!weight loss groups.
Prevention of weight gain in life course perspective
The prevention of weight gain is of course the best measure to remain healthy.
Because weight loss therapy in older adults is still controversial, the prevention of
weight gain is also desirable for safety reasons. Furthermore, the adverse effect of
excess weight during (early) adult life on several health conditions in old age has
been described in literature (63). Apart from the association between overweight
history and physical function, as has been extensively described in Chapter 2 of
this thesis, the associations between, for instance, overweight history and
diabetes (64), quality of life (65) and walking limitations (66) have been reported.
These results suggest that losing weight during late life might be too late to
counteract the detrimental effects of overweight and that prevention of
overweight throughout the lifespan is a far better option to promote healthy
aging. Targeting health promotion strategies for overweight prevention to older
adults has been argued to be potentially more efficient and cost!effective as
compared to targeting children and adolescents (67, 68). Main reasons for this
hypothesis are the increasing absolute and population attributable risk for disease
associated with obesity with increasing age and the shortened time to onset of
disease in older adults (68).
The currently defined WHO overweight and obesity classification systems based
on waist circumference and BMI provide cut!off values for two different action
levels. Persons within the overweight range of BMI (25!30 kg/m2) or a waist
circumference above the lower cut!off value (action level I) are suggested to be in
need of weight maintenance and should be advised not to gain any (more) weight.
Only persons within the obesity range of BMI ("30 kg/m2) or with a waist
circumference above the upper cut!off value (action level II) were stated to be in
need of weight loss treatment. In the current thesis, a single cut!off value for
older women was proposed based on increased health risks. To our knowledge,
no research has been conducted on the value of an extra cut!off value to indicate
the rising risk in order to persuade people to take action to avoid gaining more
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weight. Possibly, application of a warning sign could raise awareness and prevent
people to gain more weight and reach the upper cut!off value.

Conclusions
The growing population of overweight older adults, driven by demographic
changes and the ongoing obesity epidemic, will increasingly suffer from important
health problems. Future studies should point out whether or not the improved
cut!off value of 99 cm in women, sufficiently predicts future health risks and is
able to select older women in need for weight management interventions.
Although waist circumference is suggested to be a good starting point, other
individual health problems should be taken into account when prescribing weight
management treatment in older adults.
This thesis added to the knowledge of health problems related to overweight in
old age and to the understanding of the levels of overweight that deteriorate
health in old age. Research aimed to find feasible and successful ways to prevent
and to treat overweight in older adults, should be given high priority.
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