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Abstract

The study aimed to verify an association between changes in body mass index (BMI) and
quality of life (QoL) in a 4-year follow-up in a population-based study in Poland. The results
covered data from 1557 adults from the general Polish population who participated in the
follow-up survey, performed in two waves: 2011 (COURAGE in Europe); 2015/2016
(COURAGE-POLFUS). Anthropometric measurements and a structured questionnaire
including the WHOQOL-AGE scale were used. Regression models were applied to verify
whether the observed BMI-QoL association is linear or U-shaped. The inverse U-shaped
association between BMI changes and QoL among Polish adults was found using a
univariable model. This association was observed in women, whereas in men a linear
relationship was found. At the population level, weight loss (BMI decrease of 5-10%)
was associated with better QoL in healthy people. The reverse was true in sick people,
whose weight loss was observed to be an indicator of poorer QoL. In conclusion, the study
suggests an inverse U-shaped association between BMI and quality of life. Better QoL may
be considered an additional benefit of public weight loss programs for healthy adults.
Further studies focusing on people with some chronic diseases are needed.
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Introduction

The worldwide epidemic of obesity and overweight is an important public health
concern in most high- and middle-income countries, including Poland, and remains
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an important topic of scholarly investigations (Webber et al. 2014; Hall 2018; Abarca-
Gomez et al. 2017). Obesity, as a multidimensional phenomenon, is perceived in
various ways in different social and cultural contexts and has been described from
different perspectives (Sobal 2001).

From the social perspective, obesity is associated with the culturally created sym-
bolic meaning of ideal body. Social expectations perceive physical appearance as a part
of an individual and social identity, which is based on acceptance of body size in
relation to beauty (especially in women) and healthy body. Strong influence of
healthism and processes of medicalization caused changes in definitions of social
norms associated with expected body size and weight (Sobal 2017; Monaghan et al.
2013). Social attitudes to obese or overweight individuals are also indicators of the
position of people who do not follow expectations associated with body image. From
the public health perspective (related to the biomedical model), obesity and overweight
are perceived as a deviant state and as lack of self-control and self-power which leads to
stigmatization. Thus, stigmatization of an individual’s obesity and different forms of
discrimination are mostly associated with lack of acceptance of the body (Goffman
1963). The fat stigma power is therefore used to motivate individuals to change health-
related behaviors, especially nutritional patterns and physical activity. Stigmatizers,
however, do not take into account the social costs of such stigmatization—lack of
social acceptance, social discrimination, social exclusion, and an increase of social
distance between an obese person and normal weight people, or even a risk of social
selection based on body mass index. Obese stigmatization, and especially the attitudes
to obese persons presented by medical professions, in consequence, could and still can
significantly influence all social interactions in public life (Phelan et al. 2014).

From the medical perspective, obesity is perceived as a complex, multifactorial
disease, which has an impact on physical functioning and quality of life (Kolotkin
et al. 2001; Kolotkin and Andersen 2017). Moreover, overweight and obesity are well-
known risk factors for several chronic diseases, such as adult-onset diabetes, high blood
pressure, heart disease, stroke, cancer, obstructive sleep apnea, and metabolic syndrome
(Lu et al. 2014; Amold et al. 2017; Youssef and McCullough 2002). Some studies also
showed an association between obesity and psychological problems, showing a contin-
uous increase in the risk of lifetime diagnosis of psychiatric disease in people with
obesity and a U-shaped association between weight change and depression (Simon et al.
2006; de Wit et al. 2015). Additionally, overweight and obesity increase the risk of
hospitalization and death (Ledn-Muiioz et al. 2005). Studies aimed to assess the nature
of relationship between obesity and mortality showed an increased risk of death in
higher and lower body mass index (BMI) categories, indicating an inverse U- or J-shape
relation. On the other hand, there are some studies indicating that overweight can be
neutral or even protective against mortality (Aune et al. 2016; Bombak 2014; Orpana
et al. 2010; Laxy et al. 2017; Cohen-Mansfield and Perach 2011).

Research regarding association between BMI and quality of life (QoL) showed an
inverse linear trend or inverse U-shaped relation, or when BMI was analyzed as a
categorical variable, QoL was impaired among people with overweight or obesity
(Laxy et al. 2017; Daviglus et al. 2003; Jia and Lubetkin 2005; Ul-Haq et al. 2013).
The results varied depending on the dimension of QoL taken into account or the tools
of measurement used. It is worth mentioning that most studies published to date
employed SF-36 or other commonly used generic measures of QoL/HRQoL, such as
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PCS-12, MCS-12, EQ-5D index, EQ VAS, or specific instruments measuring obesity-
related quality of life, e.g., IWQOL (Ul-Haq et al. 2013). Taking into account the
change in weight, a systematic review performed by Kroes et al. showed that in some
studies, weight loss was associated with an improvement in physical dimension of QoL
more frequently than in the mental one and with an improvement in almost all of
obesity-specific IWQOL-Lite subscales. However, the heterogeneity of the studies
included in the review precluded drawing unambiguous conclusions (Kroes et al.
2016). Due to several interferences, it is also difficult to presume causality between
weight changes and QoL in intervention studies (Kolotkin and Andersen 2017). The
majority of studies in this area were randomized control trials investigating results of
intervention aimed at weight reduction. Also, as mentioned by Douketis, “studies
investigating weight loss have methodologic limitations that restrict the applicability
of findings to obese patients assessed in clinical practice” (Douketis et al. 2005).
Results of these studies are inconsistent and do not lead to any reasonable conclusions
(the changes in QoL were independent from weight loss, or they were probably the
result of weight loss, or the relation was unclear) (Carson et al. 2014).

Aim

The study aims to verify the association between changes in BMI and QoL in a 4-year
follow-up study in Poland taking into account different sociodemographic and health
characteristics in the population.

Methods
Study Design

The follow-up survey was performed in two waves. The first was part of the COUR-
AGE in Europe study (Leonardi et al. 2014). The field part of that study took place in
2011. Participants were randomly sampled from a non-institutionalized adult popula-
tion (18+) based on the multistage clustered design with an oversampling of adults aged
50-79 and > 80. In total, 4071 Polish citizens agreed to participate in the study (the
response rate was 66.5%). The second wave, the COURAGE in Europe—follow-up
(COURAGE-POLFUS) study—was done in 2015-2016. Overall, 1850 respondents
participated in the second wave (the effective response rate was 50%). In both waves,
face-to-face interviews were conducted at respondents’ homes by specially trained
interviewers. The study was approved by the Bioethical Committee, Jagiellonian
University, Krakow, Poland (no. 122.6120.26.2015). The study flow chart is presented
in Fig. 1. Data were weighted to generalize the study sample to the reference popula-
tion. The details are described in the Supplementary file 1.

Measurements

BMI was calculated as weight in kilograms divided by height in meters squared. Weight was
measured with a calibrated electronic weighting scale in both waves, whereas height was
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Total COURAGE (2011) sample in Poland

(n=4071)
Data about BMI available Excluded (n=285 (7%)):
(n=3786 (93%)) - missing data (n=34 (0.8%))
- proxy respondent (n=131 (3.2%))
- respondent not able to stand up (n=120 (3%))
Respondents participated in the Dropouts (n=2036 (50%)):
second wave (2015-2016) of the study - refusal (958 (23.5%))
(n=1750 (43%)) - nobody opened door (344 (8.5%))
- absence of respondent (276 (6.8%))
- respondent died (256 (6.3%))
| - changed address (61 (1.5%))
- severe disease or emotional disorder (22 (0.5%))
- interview deleted (4 (0.1%))
- dangerous area (4 (0.1%))
- no contact (111 (2.7%))
Data about BMI Excluded (n=193 (4.7%)):
available - missing data (n=83 (2%))
(n=1557 (38.3%)) - proxy respondent (n=110 (2.7%))

Fig. 1 The selection of participants

measured without shoes, using a stadiometer in the first wave only. The changes in BMI
were analyzed in two ways: firstly, as a continuous variable calculated as a difference
between BMI from the second wave and from the first one; secondly, as a categorical
variable based on the percentage of BMI change, in the following five categories: (1) BMI
decrease of more than 10%, (2) BMI decrease of 5-10%, (3) BMI change of less than 5%,
(4) BMI increase of 5-10%, and (5) BMI increase of more than 10%. To describe the
population under study, BMI was categorized as underweight (< 18.50 kg/m?), normal
weight (18.50-24.99 kg/m?2), overweight (25.00-29.99 kg/m?2), obese class 1 (30.00—
34.99 kg/m?), and obese classes II and III (severe obesity) (>35.00 kg/m?).

QoL was assessed by the WHOQOL-AGE scale that consists of 13 items and covers
six dimensions such as physical and psychological domains, level of independence,
social relationships, environment, and spirituality/ religion/ personal beliefs (THE
WHOQOL GROUP 1995). The tool contains items from EUROHIS-QOL (items
related to physical, psychological, social relationships, and environment) and
WHOQOL-OLD (items related to sensory abilities, autonomy, past, present, and future
abilities, social participation, and intimacy) scales and specially adapted for the aging
population. The final score ranged from 0 to 100 points. Higher score is interpreted as
better health-related quality of life (Caballero et al. 2013).

Covariates

Sociodemographic characteristics (age, sex, level of education, marital status, having
children); health-related behaviors (physical activity—categories based on Global
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Physical Activity Questionnaire (GPAQ), vegetables and fruit consumption—number
of servings per day, alcohol consumption, tobacco consumption); and chronic
conditions—presence of chronic condition diagnosis—were based on self-reported
data. In case of angina, arthritis, asthma, and chronic obstructive pulmonary disease,
questions about the presence of symptoms during the past 12 months, the same as those
developed for the World Health Survey, were asked. Finally, the prevalence of disease
was estimated by an appropriate algorithm taking into account the diagnosis and
symptoms (Moussavi et al. 2007). For diabetes, stroke, and cancer, respondents were
considered having the disease if they reported being ever diagnosed with those
diseases. The question about the diagnosis of cancer was asked only in the second
wave. An injury was considered a disease when respondents suffered a physical
disability as a result of being injured in the last 12 months. The presence of depression
was assessed based on the DSM-IV criteria. For further analysis, respondents were
grouped into two categories: a respondent either had any of the aforementioned
conditions or had none of them.

Feeling of loneliness was assessed by the three-item UCLA Loneliness Scale
(Hughes et al. 2004).

The construct of social networks was measured by the COURAGE Social Network
Index (COURAGE-SNI) (Zawisza et al. 2014). The tool assesses structural and
functional aspects of individuals’ social network.

Statistical Analysis

A chi-square test or Mann-Whitney U test was performed to see whether there are any
significant differences between gender groups in BMI, sociodemographic characteris-
tics, health-related behaviors, and disease characteristics, also in WHOQOL-AGE.

The association between changes in BMI and QoL was analyzed using linear
regression models, with linear or linear and quadratic term of BMI changes, to verify
whether the relationship is linear or U-shaped. Additionally, the BIC and AIC criteria for
model selection were used. All models were weighted and first analyzed unadjusted for
age, then adjusted for age, and next adjusted for age and other sociodemographic and
health characteristics. Finally, the feeling of loneliness and social networks were added
as covariates. Analyses were conducted for the whole sample as well as separately by
sex and disease status, and across three age categories (< 50, 50-64, and 65+).

As the next step, logistic regression models were used to verify the relationship
between the percentage of BMI change in five categories and poor QoL. QoL was
defined as poor when the values of the WHOQOL-AGE scale were lower than the first
quartile (coded as 1) and as moderate or good otherwise (coded as 0).

The significance level was set at < 0.05. Two-sided tests were used. The data were
analyzed using SAS 9.4.

Results

The basic characteristics of respondents are presented in Table 1. According to the
weighted data, the obesity rate among Polish adults was almost 25% (BMI > 30 kg/m?)
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in 2011 and 2015, including around 5% in 2011 and 7% in 2015 affected with severe
obesity. The percentage was greater among males than females (26.4% vs. 23.7% in
2011 and 26.2% vs. 23.3% in 2015). Additionally, the number of adults with
overweight increased by about 5 percentage points (around 7 percentage points in
men and less than 1 percentage point in women). During the follow-up, the average
BMI increased (from median =26.10 to median = 26.25), especially among men (from
median =26.40 to median = 26.78). The characteristics of the population based on the
whole sample of people participating in the first wave are available in Table S1
(Supplementary file 2). Almost 32% of Polish adults surveyed had a university degree
(35.6% of women, 29.2% of men), 67.5% were currently married or cohabited, about
11% were lifetime abstainers (14% of women, 7.4% of men), 25% were daily smokers
(19% of women, 32% of men), 6.5% had depression, and almost 26% had at least one
chronic disease. Females had higher saturation of social networks (at the second wave)
and quality of life.

BMI Change-QoL Relationship—Results of Linear Regression Models

The results showed an inverse U-shaped association between changes in BMI
and QoL after the follow-up (BIC=8131.1 for the model with linear term and
BIC =8130.2 for the model with linear and quadratic term—both weighted and
unadjusted). After controlling for all considered covariates, the relationship was
not found significant.

BMI Change-QolL Relationship—Results of Linear Regression Models in Subgroups

Further investigation in subgroups suggested the inverse U-shaped association in
women in models unadjusted and adjusted for age. In men, a linear relationship was
observed, where the greatest BMI increase was related not to a lower but a higher level
of QoL.

It was also shown among the youngest group, even in a fully adjusted model.
Reversely, the inverse linear BMI change—QoL relationship was found among the
youngest females.

For people with chronic diseases, the inverse U-shape relationship was also found,
but after it was adjusted for health-related behaviors and health and social variables, a
linear relationship was identified. In age subgroups, the inverse U-shaped relation was
revealed among those with any disease aged from 18 to 49 in an unadjusted model;
controlling for other covariates resulted in reversing the U-shape curve. Among healthy
people, no significant relationship was observed, and an inverse U-shape relationship
was found among the youngest people in a fully adjusted model (Tables 2 and 3)
(Table S2 (Supplementary file 2)).

BMI Change-QoL Relationship—Results of Logistic Regression Models
Next we wanted to check whether the BMI change is associated with higher or lower
odds of poorer QoL. People whose BMI decreased by about 10% or more during the

follow-up had a two times higher chance of poorer QoL compared with people who
changed their BMI by less than 5%.
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BMI Change-QolL Relationship—Results of Logistic Regression Models
in Subgroups

The aforementioned relationship was also observed among females (OR =2.54),
but not among males (p value for interaction with BMI=0.023). Different
relationships among gender groups were also observed in those whose BMI
increased during the follow-up. Going into details, men with increased BMI had
lower risk of poorer QoL (OR=0.39 for increasing BMI by 10% or more and
OR =0.55 for increasing it by about 5-10%; in the second case, the results are
at the edge of significance: p =0.051), whereas women had about 2-fold higher
odds of having poorer QoL (OR=1.84 for increasing BMI by about 5-10%
and OR =1.88 for increasing it by 10% or more).

Stratified analyses across disease status showed that a decrease of 5-10% in BMI
was related with higher odds of poorer QoL among those diagnosed with any disease
(OR =2.08) but lower odds of poorer QoL among the healthy group (OR =0.40) (p
value for interaction with BMI=0.023). Decreasing BMI by more than 10% was
related to 4-fold higher chance of poorer QoL only among diseased people (OR =
4.13) (Fig. 2).

System SAS 12:56 Monday, October 14,2019 1
Models OR(95%Cl) P Odds Ratio
ALL:
BMidecreased of >=10%  2.01(1.24,3.28) .005 s a—
BMI decreased of 5-10% 1.15(0.76,1.75) 516 ———
BMiincreased of 5-10% 1.11(0.76, 1.63)  .589 ——
BMiincreased of >=10% 0.85(0.58, 1.25) 414 -
MALES:
BMidecreased of >=10%  1.90(0.82,4.41) 134 —
BMI decreased of 5-10% 0.64 (0.34,1.20) .163 ——
BMlincreased of 5-10% 0.55(0.30, 1.00)  .051 ——
BMlincreased of >=10% 0.39(0.20,0.76)  .005 -
FEMALES:
BMlidecreased of >=10%  2.54(1.30,4.97) .007 —_—
BMI decreased of 5-10% 1.46(0.78,2.74) 232 T
BMlincreased of 5-10% 1.84(1.07,3.17) .028 e
BMiincreased of >=10% 1.88(1.11,3.18) .019 —_——
NO DISEASE:
BMIdecreased of >=10%  1.60(0.78,3.28) .203 —_—
BMI decreased of 5-10% 0.40(0.17,0.96)  .039 -
BMlincreased of 5-10% 1.12(0.67,1.89) .667 ——
BMiincreased of >=10% 1.02(0.60,1.74)  .943 —
ANY DISEASE:
BMldecreased of >=10%  4.13(1.91,8.90) <.001
BMI decreased of 5-10% 2.08(1.17,3.69) .004 —_——
BMlincreased of 5-10% 1.12(0.67,1.89) 667 ——
BMiincreased of >=10% 0.93(0.52, 1.65) .792 —
T T T T T T T T T T T
0o 1 2 3 4 5 6 7 8 9 10

Fig. 2 The assessment of changes in the BMI categories as a determinant of poor QoL measured by
WHOQOL-AGE in a 4-year follow-up (COURAGE-POLFUS study—wave 2). The results of the logistic
regression models. The observations are weighted; the models are adjusted for baseline demographic
characteristics (age, sex, education level, marital status, having children), baseline health behaviors (physical
activity, vegetable and fruit consumption, alcohol consumption, tobacco consumption), baseline social
variables (social network and loneliness), and diseases diagnosis for both waves (diagnosis of depression,
diagnosis of any chronic disease). “No disease” and “Any disease” groups are based on chronic disease or
depression diagnosis in the second wave
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What BMI Changes Are Linked with the Best QoL?

Assuming an inverse U-shaped association between BMI and QoL at the
population level (based on the unadjusted weighted models), the question was
about what BMI changes are linked with the best QoL overall and across
subgroups (Figs. 3 and 4). For the whole sample, the highest QoL was
observed in those who had BMI increased by about 4.14 kg/m2. In females,
the highest QoL was noticed among those who increased their BMI by 2.50 kg/
m2. Among people who reported at least one disease, an increase in BMI by
5.19 kg/m? was linked with the highest QoL (Fig. 3).

Results Across Age Groups by Gender

In females, the U-shaped curves in the three age groups studied were quite similar to
one another, with the highest QoL for an increase in BMI from 1.51 in the youngest
group to 2.74 kg/m? in the oldest group (statistical significance was found only in the
youngest group; for older groups, p value was around 0.065). Among men in the
youngest age group, the U-shaped curve was reversed, with the lowest QoL among
those whose BMI decreased by 0.66 kg/m?. The relationships between BMI change and
QoL were approximately linear in older males with a higher QoL for a greater increase
of BMI among men aged 5064, and a reverse trend (but not significant) was observed
for men aged 65+ (Table 2) (Fig. 4).

Quality of life (2nd wave)
2

4.14

-10 0 10
Changes in BMI
T 95% Confidence Limits

Regression

80 80
75 \
B T 4
g g Z—=—
2 2 —~ ~
S s “ =
2 e ' N
= H s N
I3 S / \
3 3 / N\
] S 6
g <} / \
55 /
. 50 [loz 519
10 o 10 20 10 0 10
bmi_dif_1556 Changes in BMI
Gender Male — — Female [Diagnosis of any disease No — — Yes|

Fig. 3 The association between BMI changes and QoL (in the 2nd wave) in a total sample and across gender
and health status groups
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Fig. 4 The association between BMI changes and QoL (in the 2nd wave) by gender and disease status across
age groups

Results Across Age Groups by Disease Status

Among people diagnosed with any disease, the highest QoL was observed in the case
of increasing BMI by about 6 kg/m? for younger groups and by 1 kg/m? in the oldest
group (65+) (Fig. 4).

Results Across Gender by Disease Status

Additionally, the curves (inverse U-shape) looked very similar among males and
females with any of the chronic diseases. At the same time, among healthy females,
the inverse U-shape relation was found, with the highest QoL for a decrease in BMI by
about 0.7 kg/m?. Reversely, healthy men indicated better QoL for a bigger decrease and
increase in BMI (the QoL was minimum for a decrease in BMI by about 0.2 kg/m?)
(Figure S1 (Supplementary file 3)).

Discussion

The estimated prevalence and trends observed in changes of the prevalence of obesity in
Poland based on our studies were in line with other ones (Webber et al. 2014; WHO 2013).

Our study showed an inverse U-shaped association between changes in BMI and
quality of life among Polish adults, in women, not in men, and among people who
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reported chronic diseases. Controlling for health-related behaviors, the presence of
diseases, quality of social networks, and feeling of loneliness did not result in any
significant findings, or in the case of ill people, a rather linear relationship was
observed.

The inverse U-shape relation between the weight status measured by BMI and the
quality of life was found in the US population (Laxy et al. 2017). A similar pattern was
observed in the Norwegian population aged 4049, with changes in BMI measured by
self-reported questionnaire and health-related quality of life measured by SF-36
(Hervik Thorbjermsen et al. 2014).

The results of studies investigating the association between BMI and QoL across
gender groups showed a stronger relation in women than in men (Wang et al. 2012).
This may be explained by a link between obesity and difficulties in daily living
activities, which was found to be stronger in women (Koyanagi et al. 2015). The
results of our study also showed a different pattern of relationship between QoL and
BMI in men and women, an inverse U-shaped association in females, and a linear
association in males, showing better QoL when BMI increased. Thus, it has been
suggested that gender might be a modifier of BMI-QoL association.

The modification effect by gender was found in the US population of patients, with
greater negative effects of overweight and obesity on quality of life among women than
men (Katz et al. 2000). Similar results were obtained in France but with proportionally
lower effects mediated by obesity-related conditions (Audureau et al. 2016).

The results of the French cross-sectional study showed that the total effect of obesity
and overweight on QoL was more apparent in women. Among men, an indirect effect
through obesity-related conditions was observed. This research concluded that women
suffer a burden of excess weight due to an interplay of different factors within a
psychosocial process, rather than medical conditions (Audureau et al. 2016). There
are studies indicating the association between obesity and depression or other psycho-
logical disorders and that they are modified by gender. This association was typically
observed among women, not in men. Besides, obesity was noticed to decrease the risk
of depression in men (Anderson et al. 2006), which may partially explain the linear
association in men. In age subgroups, the analysis showed that this result is significant
among the youngest men (1949 years old). The beneficial effect of marriage may be
considered a possible explanation, as it increases opportunities for eating and stability
in eating patterns and weakens motivation for keeping the body weight down (Jeffery
and Rick 2002). On the contrary, there are also studies where the BMI-QoL association
was found among both gender groups (Seltoft et al. 2009; Pimenta et al. 2015).

A question emerges—what BMI is associated with the highest QoL? In a study by
Laxy et al., the highest QoL was observed among women with BMI at around 22 kg/m?
and among men with BMI in a range of 22-30 kg/m2 (Laxy et al. 2017). In our study,
we investigated what change in BMI is reflected in the highest QoL. The result of our
study suggests various conclusions depending on gender, age, and disease status. An
increase in BMI by 2.50 kg/m? was observed in females and by 5.19 kg/m? in people
who reported at least one disease. Reversely, it was losing weight that was more likely
to be reflected in better QoL in healthy people.

The next condition which may play a role in BMI-QoL association is the health
status. Our analyses in the disease status subgroups showed the inverse U-shaped BMI—
QoL association in the group “with a chronic disease.” Besides, weight loss (BMI
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decrease by 5-10%) was associated with better QoL in healthy people, unlike diseased
people, whose weight loss was observed to be an indicator of poorer QoL. This
suggests BMI may be a proxy measure, which is, especially through physical activity,
associated with some QoL dimensions in this group. Other studies showed that the
nature of BMI-QoL association varied depending on whether participants were recruit-
ed from the general healthy population, from medical outpatient or patient population,
or from obesity clinics in particular (Yancy et al. 2002). An investigation by Doll and
colleagues showed that obesity is related to a lower level in physical dimensions of
QoL, which was stronger in subjects with chronic conditions than in healthy individ-
uals. The decrease in mental dimension of QoL was observed only in obese people with
an accompanying disease (Doll et al. 2000). Other studies performed in clinical settings
in the USA showed a reverse relation between BMI categories and physical function-
ing, general health perception, and vitality measured by SF-36. The association was not
noticed however for mental functioning (Katz et al. 2000). The differences in the
relation between obesity and HRQoL, depending on existing comorbidities, were
presented in a review performed by Kolotkin and Andersen (Kolotkin and Andersen
2017). Among outpatients, the study revealed significantly worse physical functioning,
bodily pain, and lower vitality among men with obesity types II and III, but regarding
mental health, the association was significant for men with overweight and obesity type
I only as compared with normal weight participants (Yancy et al. 2002).

In the follow-up, the results of our study showed the highest QoL when BMI
increased by about 2.5 kg/m? in women and when BMI increased by about 5 kg/m?
in those with chronic diseases. Although discussable, it is consistent with the opinion
that extra weight may be protective in older age or in the case of people with some
diseases (Napoli et al. 2014). It is also not clear whether it is worth to enforce a
reduction in body weight by dietary changes in older adults, as they have difficulties in
changing health-related behaviors and it was observed that weight loss may increase
stress, release persistent organic pollutants, and increase a risk of osteoporosis in this
group (Bombak 2014).

Our study has several strengths: Firstly, we have recruited a relatively large repre-
sentative sample from the general Polish population. Secondly, the BMI-QoL associ-
ation was investigated in a follow-up. Thirdly, body weight was measured directly in
individuals, which avoided the recall bias frequently present in questionnaire-based
studies. Fourthly, a set of important covariates, including social networks and the
feeling of loneliness, were taken into account. The adjustment for social variables
was made because social norms play a key role in the determination of ideal body
weight, especially among women.

The study however is not free from some limitations. BMI as a measure of body weight
does not distinguish between excess fat, muscle, or bone mass and does not provide
information about fat distribution. There was no information about satisfaction with body
image which might influence self-assessment of QoL independently from BMI, especially
among women. Besides, there was no information about binge eating or about weight and
shape concerns. Finally, there was a relatively high percentage of dropouts, which might
cause selection bias. Losses to follow-up were caused by deaths among participants in
advanced age, who represented a relatively high proportion of the study sample as a result of
the oversampling of people aged 80+ at baseline. We believe that selection bias in our study
is rather unlikely, as the comparison of individuals who were analyzed (n = 1557) and those
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who were in the group of dropouts or excluded (n=2229) showed that there were no
differences in sex and quality of life distribution. However, members of the group lost to
follow-up were older (medians, 58 for the analyzed and 59 for the excluded; p = 0.003), had
slightly lower BMI (medians, 27.1 for the analyzed and 26.6 for the excluded; p = 0.007),
and had slightly poorer social network measured by COURAGE-SNI (median, 67.3 for
participants and 65.8 for excluded).

In summary:

1. An inverse U-shaped association between changes in BMI and quality of life was
found among Polish adults, but adjusting for health-related behaviors, presence of
diseases, quality of social networks, and feeling of loneliness resulted in no
significant relationship.

2. An inverse U-shaped association was observed in women, whereas a rather

positive linear relationship was suggested in men.

An inverse U-shaped association was observed in people with a chronic disease.

4. A modification effect by gender and disease status of the BMI change—QoL
association was observed.

5. Further investigation is needed to verify these relationships using e.g. other
measurements, e.g., waist/hip ratio
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