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Abstract

Background and aims

Increased body mass index (BMI = weight/height?; kg/m?) and weight gain is associated
with increased mortality, wherefore weight loss and avoided weight gain should be followed
by lower mortality. This is achieved in clinical settings, but in the general population weight
loss appears associated with increased mortality, possibly related to the struggles with body
weight control (BWC). We investigated whether attitudes to and experiences with BWC in
combination with recent changes in body weight influenced long-term mortality among nor-
mal weight and overweight individuals.

Population and methods

The study population included 6,740 individuals attending the 3™ cycle in 1991-94 of the
Copenhagen City Heart Study, providing information on BMI, educational level, health
behaviours, well-being, weight half-a-year earlier, and answers to four BWC questions
about caring for body weight, assumed benefit of weight loss, current and past slimming
experiences. Participants reporting previous unintended weight loss (> 4 kg during one
year) were excluded. Cox regression models estimated the associations of prior changes in
BMI and responses to the BWC questions with approximately 22 years all-cause mortality
with age as ‘time scale’. Participants with normal weight (BMI < 25.0 kg/m?) and overweight
(BMI > 25.0 kg/m?) were analysed separately, and stratified by gender and educational
level, health behaviours and well-being as co-variables.

Results

Compared with stable weight, weight loss was associated with significantly increased mor-
tality in the normal weight group, but not in the overweight group, and weight gain was not
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significantly associated with mortality in either group. Participants with normal weight who
claimed that it would be good for their health to lose weight or that they were currently trying
to lose weight had significantly higher mortality than those denying it. There were no other
significant associations with the responses to the BWC questions in either the normal weight
or the overweight group. When combining the responses to the BWC questions with the
weight changes, using the weight change as either a continuous or categorical variable,
there were no significant interaction in their relation to mortality in either the normal weight
or the overweight group.

Conclusion

Attitudes to and experiences with BWC did not notably modify the association of changes in
body weight with mortality in either people with normal weight or people with overweight.

Introduction

Increased body mass index (BMI = weight/height?; kg/m?) as well as body weight gain is asso-
ciated with increased mortality [1-4], so weight loss among people with overweight and avoid-
ance of further weight gain is expected to be associated with lower mortality. Weight loss
treatments in obese patients both by dietary interventions and bariatric surgery appears bene-
ficial, also in terms of reduction in the associated excess mortality [5, 6]. However, the effects
of weight loss in the general, more or less overweight adult population are often associated
with increased mortality irrespective of whether it is declared intentional or not [3, 4, 7-11].
Keeping a stable body weight consistently appears to be associated with the lowest mortality.
Although underlying undiagnosed diseases or hazardous behaviours both inducing weight
loss and enhancing mortality may confound the association, studies have so far not found indi-
cations of that kind of otherwise obvious risk of confounding [11, 12]. Whereas such unidenti-
fied confounding cannot be precluded, the findings leaves the option that weight loss may
have a health damaging component mixed with the benefits, which makes the result a net bal-
ance between these effects. The studies have so far not identified increased risk of particular
diseases as causes of the increased mortality, but it appears that the accompanying reduction
of the lean body mass drives the association [13, 14]. This may outweigh the possible, but lim-
ited benefits from reducing the fat mass in people without obesity and reduce the benefits of
weight loss in people with obesity, also after planned treatment aiming at weight loss [15].
Body weight gain and regain after weight loss is associated with stress [16-19], and may be
implicated in risk of cardio-metabolic diseases such as diabetes, coronary heart disease and
stroke [20]. Being preoccupied and struggling with and often failing the control of own body
weight could perhaps be a stress factor [16, 21-23], which may be behind or worsen the associ-
ations between body weight changes and mortality. This raises the question whether the indi-
vidual attitudes to and experiences with body weight control (BWC) alters mortality
irrespective of any effects on health behaviours and actually achieved BWC. Our study aimed
at answering the question separately for normal weight and for overweight people in the gen-
eral population while considering their body weight changes, assuming that their attitudes to
and experiences with BWC may depend on these aspects. We estimated all-cause mortality in
a historical general population-based cohort in relation to participants’ responses to questions
probing their attitudes to and experiences with BWC, while controlling for BMI, past and
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recent body weight changes and their educational level, health behaviours (smoking, alcohol
drinking and physical activity) and well-being.

Population and methods

The study population is defined as the Copenhagen City Heart Study [24], a cohort based on a
random population sample of men and women aged 20 years and older, living in a part of the
central municipality of Copenhagen (@sterbro) and first examined in 1976-78 (n = 14,223).
This was followed by repeated health examinations including measurements of body height
and weight (and hence BMI), and questions about educational level, smoking, alcohol intake,
and physical activity. At each cycle of examination, the study invited additional individuals at
age 20 and above to keep the broad coverage of adult age in the study.

The present analyses uses the data obtained at the 3" examination, carried out in 1991-94
[25], to which 16,563 were invited and 10,135 (61%) participated. This examination was
defined as the baseline examination in the present study. Information on the relevant variables
were available for 9,148 participants (Fig 1). This examination included additional questions
addressing general well-being (score based on 17 items), and questions about various aspects
of BWC not addressed in preceding or subsequent cycles (with abbreviations used in the fol-
lowing in parenthesis):

‘Do you care for your body weight in daily life?” (‘Care?’)
« ‘Do you think it will be good for your health to lose weight?” (‘Good?’)
o ‘Are you currently trying to slim? (“Trying?’)

« ‘Have you tried to slim during the past 15 years?’ (‘Tried?’)

The participants were also asked ‘What did you weigh half-a-year ago?” and ‘Have you expe-
rienced a weight loss of more than 4 kg during a year while not trying to slim?’ The former
question defined the pre-baseline BMI and the recent weight changes used in the analyses by
subtracting the reported recalled weight from the measured weight at the 3™ examination. In
order to limit the possibility that underlying diseases or other reasons for unintentional weight
loss, likely associated with mortality, confounded the associations, the analyses were restricted
to those who responded ‘No’ to the question about unintentional weight loss, which reduced
the study sample to 6,740 for whom required information was available (Fig 1).

The participants were followed-up until November 14, 2014 via the Central Person Register,
which includes continuous updates on vital status of all citizens in Denmark. Since previous
studies did not indicate that specific causes of death were responsible for the excess mortality
after weight loss, we did not request data from the Cause of Death Register.

The original collection of data during the examinations of the Copenhagen City Heart
Study required informed consent. Since the present study involved only re-analyses of pre-
existing anonymous data from these examinations, no permissions were required according to
Danish law from the ethical committees or the data protection agency.

The all-cause mortality from the baseline time of the 3 examination was analysed by Cox
regression models, stratified by sexand using age as the underlying time scale, hence allowing
for delayed entry to the estimation. The estimated model produced hazard ratios (HRs) with
95% confidence intervals and allowed null hypothesis testing of main as well as interaction
effects. The key null hypotheses state that the ‘Yes’ or ‘No’ responses to the BWC questions are
unrelated to all-cause mortality in normal and overweight people irrespective of whether they
have lost, maintained or gained in body weight during the past 6 months.
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Invited for the 3rd examination

12,698 persons who participated in the 2nd examination
3,865 additionaly recruited men and women age 20+
n= 16,563

3rd examination, participants
n= 10,135
y
Participants with
information on relevant covariates
n =9,148
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Eligible for analyses
Participants without unintended weightloss >4 kg,
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Died during follow-up
n = 3,440

Fig 1. Flow chart depicting the construction of the eventually eligible study sample out of the original cohort of
the Copenhagen City Heart Study.

https://doi.org/10.1371/journal.pone.0220838.g001

Thus, separate analyses were conducted in normal weight groups (BMI < 25.0 kg/m?, here
defined as ‘normal’ despite the inclusion in this range of the ‘underweight” people, usually
defined as BMI < 18.5 kg/m?) and overweight (BMI > 25.0 kg/m?). The division was based on
the pre-baseline BMI before the body weight change, i.e. based on the participants’ response to
the question about how much they weighed half-a-year earlier. All the models were run with-
out (‘crude’) and with (‘adjusted’) the co-variables, which included pre-baseline BMI (as con-
tinuous variable, but truncated according to the two groups allowing them to be used as linear
variables), educational level, life style factors and the well-being score. Separate models
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estimated the associations of mortality with the responses, ‘Yes’ or ‘No’, to each of the four
BWC questions in combination with the body weight changes the past half year. Two types of
models estimated these associations; one in which the body weight changes were entered as
continuous variables and one in which the body weight changes were divided into three cate-
gories, weight loss (‘Loss’s BMI change < 0.0 kg/m?), stable or small weight gain (‘Stable’; BMI
change 0.0-0.8 kg/m?), and greater weight gain (‘Gain’; BMI change > 0.8 kg/m?) with
approximate equal number of deaths in these categories. In the models with the body weight
change as a continuous variable, the association was estimated by a smooth restricted cubic
spline function with a reference point set at the HR at exactly no weight change in the groups
answering ‘No’ to the BWC questions. These models allowed testing for linearity and similarity
of the shape of the associations for the ‘Yes’ and ‘No’ groups. In the models with body weight
changes as categories, the combination of the answer ‘No’ to the BWC questions and ‘Stable’
weight the past half year was expected to have the lowest mortality and was chosen as the refer-
ence in the estimation of associations of the five other combinations with mortality. These
models were tested for interactions between the responses to the BWC questions and the body
weight change categories in associations with mortality.

Results

During the follow-up period of about 22 years, a total of 3,440 out of the 6,740 (51%) partici-
pants died. The mean pre-baseline BMI was 25.4 kg/m? with a SD of 4.2 kg/m?, the mean BMI
change prior to baseline was 0.4 kg/m* with a SD of 1.4 kg/m?, with weight loss in 2,049
(30.4%), stable weight in 2,324 (34.5%) and weight gain in 2,367 (35.1%). A ‘Yes’ response to
the BWC questions was provided by 3,364 (49.9%) about ‘Care?’, by 2,580 (38.4%) about
‘Good?, by 871 (13.0%) about “Trying?’, and by 1,949 (29.0%) about “Tried?” Number of partic-
ipants, number of deaths and mean (SD) of the BMI-measures (pre-baseline and change) were
distributed across categories of the variables as shown in descriptive supplementary tables (for
single categories in S1 and S2 Tables, and across combinations of categories of normal weight
and overweight groups, weight changes prior to baseline, BWC questions and the responses to
these questions in S3A-S3D Table). Each combination has a sizeable number of participants
and deaths with a few exceptions, making the estimates for these groups rather uncertain
(number of deaths less than 20 in few cells in S3B and S3C Table).

Table 1 shows the crude and adjusted HRs estimated by the Cox regression analyses of the
pre-baseline BMI, the categories of changes in BMI and the responses to the four BWC ques-
tions separately for the normal weight and the overweight groups. The HRs were only mini-
mally altered by the adjustment except for the HRs of the responses to the BWC questions in
the normal weight group, where all HRs increased and changed statistical significance as
judged from the confidence intervals (‘Care’ lost significance and ‘Good’ and “Trying’ became
significant). As expected, the association of pre-baseline BMI with mortality was below HR =1
in normal weight group and above in the overweight group. Weight loss was followed by sig-
nificantly greater mortality in the normal weight group, but not in the overweight group, and
weight gain was not associated with significantly altered mortality in either of these groups. In
the normal weight group, the adjusted HRs were significantly increased for those responding
“Yes’ compared to ‘No’ to the BWC questions, ‘Good?” and “Trying?’, but not statistically differ-
ent for the BWC questions, ‘Care’ and “Tried’. In the overweight group, none of the responses
to the BWC questions were significantly associated with different HRs in the adjusted
analyses.

As seen in the S4 Table, the men had a significantly higher mortality than the women,
which was accounted for in the Cox regression models using sex for internal stratification. All
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Table 1. All-cause mortality according to pre-baseline BMI, body weight changes and body weight control questions.

Pre-baseline BMI group®

Characteristic

Crude HR (95% CI)

Adjusted” HR (95% CI)

< 25 kg/m®

Pre-baseline BMI

0.95 (0.93, 0.98)

0.97 (0.94, 1.00)

Weight change group®

Loss 1.29 (1.15, 1.46) 1.24 (1.10, 1.41)
Stable 1.00 1.00

Gain 0.94 (0.83, 1.07) 0.96 (0.85, 1.09)

Body weight control questions®

‘Care? Yes 0.79 (0.71, 0.87) 0.97 (0.86, 1.08)
No 1.00 1.00
‘Good? Yes 1.02 (0.86, 1.21) 1.24 (1.03, 1.49)
No 1.00 1.00
“Trying? Yes 1.10 (0.84, 1.43) 1.34 (1.02, 1.77)
No 1.00 1.00
“Tried? Yes 0.96 (0.80, 1.15) 1.14 (0.95, 1.37)
No

> 25 kg/m? Pre-baseline BMI 1.03 (1.01, 1.04) 1.03 (1.01, 1.04)
Weight change group®
Loss 1.11 (1.00, 1.25) 1.04 (0.93,1.17)
Stable 1.00 1.00
Gain 1.03 (0.92, 1.15) 1.03 (0.92, 1.15)

Body weight control questions*

‘Care? Yes

0.90 (0.82, 0.99)

0.98 (0.90, 1.08)

No 1.00 1.00
‘Good? Yes 1.04 (0.95, 1.14) 1.00 (0.90, 1.11)
No 1.00 1.00
“Trying? Yes 1.08 (0.96, 1.22) 1.08 (0.95, 1.23)
No 1.00 1.00
“Tried? Yes 1.07 (0.97, 1.18) 1.08 (0.97, 1.20)
No 1.00 1.00

*Pre-baseline BMI is self-reported BMI 6 months prior to the examination.

®Analyses were adjusted for pre-baseline BMI, weight change group, educational level, smoking status, alcohol consumption, leisure time physical activity and well-
being; stratified by sex; age as time-axis.

“Loss’ is < 0 kg/m”* change during the recent 6 months, ‘Stable’ is 0-0.8 kg/m? change, ‘Gain’ is > 0.8 kg/m” change.

The questions are ‘Do you care for your body weight in daily life?’ (‘Care?”), ‘Do you think it will be good for your health to lose weight?’ (‘Good?’), ‘Are you currently
trying to slim?’(“Trying?), ‘Have you tried to slim during the past 15 years?’ (‘Tried?’).

https://doi.org/10.1371/journal.pone.0220838.t001

other co-variables, used for the adjustment of the HRs, were significantly associated with mor-
tality in the expected direction, both when analysed separately and together (greater mortality
with lower than higher education, with rare than moderate frequency of alcohol drinking, with
daily than with monthly and weekly drinking, with more than less smoking, with less than
more physical activity, and with poorer than better well-being).

The following results address, separately for the normal weight and the overweight group,
the association of mortality, assessed by HRs, with the combination of the responses to the
four BWC questions and the weight changes prior to baseline, either as continuous or categori-
cal variables.

In the normal weight group, the spline analyses of the weight change as continuous variable
showed a V-shaped non-linear association between weight changes for both responses to all
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Fig 2. Body weight control, changes in body weight and all-cause mortality in relation to body weight control
questions in the normal weight group; Yes (-), No (--).

https://doi.org/10.1371/journal.pone.0220838.g002

four BWC questions (Fig 2). The departure from linearity was statistically significant for all
associations (P values ranging between 0.0000014 and 0.032), except for the small group
answering ‘Yes’ to the BWC question “Trying?’ (P value 0.39). There were no statistically signif-
icant differences between the shapes of the spline associations for the groups answering ‘Yes’
and ‘No’ to each of the four BWC questions (all P values between 0.38 and 0.91), indicating no
significant interaction between them and the prior weight changes.

The results of the corresponding analyses for the overweight group are shown in Fig 3. The
spline analyses of these groups also showed non-linear, V-shaped associations between weight
change and mortality, but overall much less pronounced than in the normal weight groups,
and with only half of the departures from linearity being significant (all P values ranging
between 0.012 and 0.22). There were no statistically significant differences between the shapes
of the spline associations for the groups answering ‘Yes’ and ‘No’ to each of the four BWC
questions (all P values between 0.74 and 0.90).

The results of the analyses using the prior weight changes as categories, shown in Table 2,
confirmed the overall pattern of results shown by the spline modelling.

In the normal weight group, weight loss was associated with greater mortality compared
with the reference group (‘Stable’ weight and ‘No’ to the BWC questions), which according to
the confidence intervals was significant for all the groups answering ‘No’ to the BWC ques-
tions. Weight gain showed weaker and less consistent association with mortality, with only
one being significant (‘Yes’ to BWC question ‘Good?’). The small group answering ‘Yes’ to the
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Fig 3. Body weight control, changes in body weight and all-cause mortality in relation to body weight control
questions in an overweight population; Yes (-), No (--).

https://doi.org/10.1371/journal.pone.0220838.9003

BWC question “Trying?” in the ‘Stable’ group showed a significantly greater HR than those

answering ‘No’.

In the overweight group, the categorical analyses were also in agreement with the spline
analyses, and showed only weak non-significant differences between the weight change
groups, and, in particular, no significant differences related to the BWC questions.

Test for interactions between the responses to the BWC questions and the weight change

categories were all not significant (all p-values between 0.07 and 0.95), which corresponds well
to the finding of no significant differences by responses to the BWC questions in the shapes of
the spline associations shown in Figs 2 and 3.

Discussion

In this study of individuals from the general population, who reported that they had not suf-
fered from health problems that in the past have induced unintentional weight loss of at least 4
kg during a year, the normal weight people who lost weight experienced a 24% excess mortality
compared to those keeping their weight stable, whereas those gaining weight during the past
half year did not show excess mortality. The normal weight people who claimed that it would
be good for their health to lose weight and those who were currently trying to lose weight also

experienced an increased mortality compared to those who did not provide such claims.

Besides these findings, the responses to the BWC questions were not associated with mortality.
When the responses to the BWC questions were combined with prior weight changes in inter-
action analyses, we found no consistent and significant modification of the associations with
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Table 2. All-cause mortality according to body weight changes combined with body weight control questions.

Weight change group®
Pre-baseline Body weight control Answer to the ‘Loss™ ‘Stable™ ‘Gain™ p-value®
BMI group® question® question HR (95% CI) HR (95% CI) HR (95% CI)
< 25 kg/m? ‘Care? Yes 1.20 (0.99, 1.45) 1.12 (0.95, 1.33) 0.97 (0.81, 1.15)
No 1.40 (1.19, 1.64) 1.00 1.09 (0.90, 1.31) 0.07
‘Good?’ Yes 1.36 (0.79, 2.33) 0.95 (0.68, 1.33) 1.32 (1.05, 1.66)
No 1.24 (1.09, 1.40) 1.00 0.90 (0.78, 1.03) 0.09
‘Trying?’ Yes 1.17 (0.55, 2.47) 1.81 (1.09, 2.99) 1.25(0.87, 1.78)
No 1.26 (1.11, 1.42) 1.00 0.95 (0.84, 1.09) 0.32
‘Tried? Yes 1.39 (0.93, 2.07) 1.19 (0.86, 1.63) 1.07 (0.83, 1.38)
No 1.25(1.10, 1.42) 1.00 0.95 (0.83, 1.09) 0.95
> 25 kg/m? ‘Care? Yes 1.01 (0.86, 1.19) 0.96 (0.81, 1.13) 1.01 (0.86, 1.18)
No 1.03 (0.88, 1.21) 1.00 1.00 (0.85, 1.17) 0.88
‘Good? Yes 1.01 (0.85, 1.19) 0.88 (0.74, 1.04) 0.98 (0.84, 1.14)
No 0.95 (0.80, 1.12) 1.00 0.92 (0.77,1.10) 0.19
“Trying?’ Yes 1.11 (0.91, 1.36) 0.92 (0.69, 1.22) 1.15 (0.94, 1.40)
No 1.02 (0.90, 1.15) 1.00 0.99 (0.88, 1.12) 0.43
‘Tried? Yes 1.12 (0.94, 1.33) 0.96 (0.79, 1.18) 1.10 (0.94, 1.29)
No 1.00 (0.88, 1.15) 1.00 0.97 (0.85, 1.11) 0.39

*Loss’ is < 0 kg/m* change during the recent 6 months, ‘Stable’ is 0-0.8 kg/m? change, ‘Gain’ is > 0.8 kg/m” change.

®Pre-baseline BMI is self-reported BMI 6 months prior to the examination.

“The questions are ‘Do you care for your body weight in daily life?” (‘Care?’), ‘Do you think it will be good for your health to lose weight?’ (‘Good?’), ‘Are you currently

trying to slim?’(‘Trying?’), ‘Have you tried to slim during the past 15 years?’ (‘Tried?’).

dAnalyses were adjusted for pre-baseline BMI, weight change group, educational level, smoking status, alcohol consumption, leisure time physical activity and well-

being; stratified by sex; age as time-axis.

“The displayed p-values are from corresponding interaction analyses.

https://doi.org/10.1371/journal.pone.0220838.t002

the long-term all-cause mortality. This result was obtained in Cox regression models for nor-
mal weight or overweight groups, where sex was used for stratification and age was used as the
time axis. The models adjusted the associations for a panel of possibly confounding variables
such as pre-baseline BMI, educational level, smoking, alcohol drinking, physical activity and a
score of well-being, all of which showed associations with long-term mortality as expected.

With statistical so-called ‘null result’, it is of course necessary to consider whether the statis-
tical power is too low implying a risk of overlooking possibly important associations and inter-
actions. The power of the study was great enough to show the expected associations with the
other co-variates, but the width of the confidence intervals must be considered. Thus, we can-
not preclude that influences producing true hazard ratios different from the estimated hazard
ratios are sources of the actual results within the ranges defined by the confidence limits. How-
ever, we find the ranges of the confidence limits depicted in Tables 1 and 2 to be small enough
to suggest that there may be no such deviant influences that would be important to consider in
public health settings.

Another necessary consideration is whether there is unknown or residual confounding in
the analyses or whether there are selection or information biases in play that have reduced the
estimated associations and thereby suppressed underlying true and possibly important associa-
tions. As always in reanalyses of this sort of long-term observational, longitudinal population-
based cohort studies, addressing scientific questions not planned when the data was collected
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imply unavoidable limitations. They include for example the sparse and uncertain information
about the weight changes and the short period for weight changes prior to baseline. Combined
information about body composition and physical fitness at baseline would also have been
helpful [26]. However, an important argument in favour of the validity of the results is that the
data did show the expected mortality patterns regarding all the other co-variables than those
probing the attitudes to and experiences with BWC. While admitting that there could still be
confounding and biases in addressing the key hypotheses, it should also be acknowledged that
it is only by accessing such historical data that we may get any knowledge about the long-term
effects.

In the present context, the most important limitation may be that the BWC questions were
just asked on the single occasion of the 3™ cycle of the cohort study and that the questions
allowed only simple dichotomous answers pertaining to the currently perceived state at that
time. Thus, there were no opportunities to investigate what the people meant by their
responses and to which extent the expressed attitudes and experiences were persistent, neither
before nor the many years after the single examination. The finding that normal weight people
claiming that weight loss would be good to their health or that they were currently trying to
lose weight experienced a significantly increased mortality irrespective of the thorough adjust-
ments for a broad panel of pertinent co-variables, including pre-baseline BMI and weight
changes, is intriguing, but should be replicated and more thoroughly investigated before being
translated to a suggested causal relationship.

It should be noted that by adjusting for health behaviours such as smoking, alcohol drink-
ing and physical activity and for well-being, we may have removed some of the effects possibly
influenced by the stress of attempting body weight control. We found it more important to
control for the possible confounding by these variables than trying to assess their possible
mediating role in the investigated association between the responses to the BWC questions
and mortality. Thus, it remains possible that a sustained active and successful approach to
BWC may reduce the long-term mortality as demonstrated with planned treatments for the
patients with obesity [5, 6]. Thus, paying attention to BWC may compensate for adverse effects
of weight loss by promoting a healthier behaviour, for example by increased physical activity,
which seems to mitigate the excess mortality associated with weight loss in the general popula-
tion [27], possibly by improving body composition and especially by enhancing cardiorespira-
tory fitness [26].

Weight loss in the normal weight groups-but not in the overweight groups—was consis-
tently associated with significantly greater mortality, whereas weight gain prior to baseline was
not significantly associated with mortality (Table 1). In the combined analyses with stable
body weight with answers ‘No’ to the BWC questions as reference (Table 2), the finding in the
normal weight group of an increased mortality by weight loss was statistically significant in all
the ‘No’ answer groups, but otherwise, there were no consistent pattern in the point estimates
of the HRs for the ‘Yes’ versus ‘No’ answers. Correspondingly, there were no significant inter-
actions between weight changes and the responses to the four BWC question, neither when
assessed by the shapes of the continuous weight change-based spline functions (Figs 2 and 3)
or by the categories of weight changes (Table 2).

Although we believe that we have minimized the risk of underlying confounding by
unknown diseases and unhealthy behaviours by excluding all who reported a preceding even
moderate unintentional weight loss (> 4 kg during one year) and by controlling for educa-
tional level, health behaviours and the well-being score, we admit that such confounding
remains a possibility. The absence of a consistently increased mortality by weight gain through
all groups may be due to the rather limited gain observed during the half year preceding the
examination. Whereas there were no indications in the present results that the answers to the
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BWC questions modified the association between weight changes and mortality, it is possible
that this may be true for more substantial weight changes.

The present study focussed on the crude outcome, long-term all-cause mortality. The
absence of its associations with the responses to the BWC questions in most cases in no way
excludes that there may be several other health effects of the attitudes and experiences behind
these responses, including both body weight control as well as behaviours related or unrelated
to body weight control [26]. With the current results at hand, questions about cause-specific
mortality and effects on other health indicators may be relevant, which is for later studies to
elucidate.

Given the conditions of the study and its results, we conclude that in the general population,
the long-term mortality of both normal weight and overweight individuals do not depend on
their attitudes and experiences with BWC, however with the following specific exception; nor-
mal weight people claiming that it would be good for their health to lose weight or who were
actually trying to lose weight showed increased mortality compared with those who did not
provided such claims. These relations were not dependent on whether the people had kept
their body weight stable, lost or gained body weight during the prior months. Overall, the find-
ings did not contribute to explain the observed associations with body weight changes with
mortality in the general population.

Supporting information

S1 Table. Characteristics of the eligible sample according to body weight changes and body
weight control questions.
(DOCX)

S2 Table. Characteristics of the eligible sample according to baseline co-variables.
(DOCX)

S3 Table. Characteristics of the eligible sample according to body weight changes com-
bined with body weight control question ‘Do you care for your body weight?.
(DOCX)

$4 Table. All-cause mortality according to baseline co-variables.
(DOCX)

Acknowledgments

We are grateful to Dr. Teis Andersen for his contribution to construction of the questions
about body weight control and we are grateful to Jacob Louis Marott for helping to get access
to the data.

Author Contributions

Conceptualization: Camilla S. Morgen, Lars Angquist, Thorkild I. A. Serensen.
Formal analysis: Lars Angquist.

Investigation: Camilla S. Morgen, Thorkild I. A. Sgrensen.

Methodology: Camilla S. Morgen, Thorkild I. A. Serensen.

Project administration: Merete Appleyard.

Resources: Camilla S. Morgen, Thorkild I. A. Serensen.

PLOS ONE | https://doi.org/10.1371/journal.pone.0220838  August 15, 2019 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220838.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220838.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220838.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220838.s004
https://doi.org/10.1371/journal.pone.0220838

@ PLOS|ONE

Body weight control and mortality

Supervision: Thorkild I. A. Serensen.

Writing - original draft: Camilla S. Morgen, Lars Angquist, Peter Schnohr, Gorm B. Jensen,

Thorkild I. A. Serensen.

Writing - review & editing: Camilla S. Morgen, Lars Angquist, Merete Appleyard, Peter

Schnohr, Gorm B. Jensen, Thorkild I. A. Sgrensen.

References

1.

10.

11.

12

13.

14.

15.

Aune D, Sen A, Prasad M, Norat T, Janszky |, Tonstad S, et al. BMI and all cause mortality: systematic
review and non-linear dose-response meta-analysis of 230 cohort studies with 3.74 million deaths
among 30.3 million participants. BMJ. 2016; 353:i2156. https://doi.org/10.1136/bmj.i2156 PMID:
27146380

Song M, Hu FB, Wu K, Must A, Chan AT, Willett WC, et al. Trajectory of body shape in early and middle
life and all cause and cause specific mortality: results from two prospective US cohort studies. BMJ.
2016; 353:i2195. https://doi.org/10.1136/bm;.i2195 PMID: 27146280

Karahalios A, English DR, Simpson JA. Change in body size and mortality: a systematic review and
meta-analysis. Int J Epidemiol. 2017; 46:526—46. Epub 2016/11/20. https://doi.org/10.1093/ije/dyw246
PMID: 27864401

Kim YH, Kim SM, Han KD, Son JW, Lee SS, Oh SW, et al. Change in Weight and Body Mass Index
Associated With All-Cause Mortality in Korea: A Nationwide Longitudinal Study. The Journal of clinical
endocrinology and metabolism. 2017; 102:4041-50. https://doi.org/10.1210/jc.2017-00787 PMID:
28938403

Ma C, Avenell A, Bolland M, Hudson J, Stewart F, Robertson C, et al. Effects of weight loss interven-
tions for adults who are obese on mortality, cardiovascular disease, and cancer: systematic review and
meta-analysis. BMJ. 2017; 359:j4849. https://doi.org/10.1136/bm;.j4849 PMID: 29138133

Cardoso L, Rodrigues D, Gomes L, Carrilho F. Short- and long-term mortality after bariatric surgery: A
systematic review and meta-analysis. Diabetes, obesity & metabolism. 2017; 19:1223-32. Epub 2017/
03/01. https://doi.org/10.1111/dom.12922 PMID: 28244626

Mikkelsen KL, Heitmann BL, Keiding N, Sgrensen TIA. Independent effects of stable and changing
body weight on total mortality. Epidemiology. 1999; 10:671-8. doi: 00001648-199911000-00002 PMID:
10535779

Sgrensen TIA, Rissanen A, Korkeila M, Kaprio J. Intention to lose weight, weight changes, and 18-y
mortality in overweight individuals without co-morbidities. PLoS Med. 2005; 2:e171. doi: 04-PLME-RA-
0006R4 [pii]; https://doi.org/10.1371/journal.pmed.0020171 PMID: 15971946

Korkeila M, Rissanen A, Sgrensen TIA, Kaprio J. BMI, weight stability and mortality among adults with-
out clinical co-morbidities: a 22-year mortality follow-up in the Finnish twin cohort. Obes Facts. 2009;
2:344-51. doi: 000261416 [pii]; https://doi.org/10.1159/000261416 PMID: 20090384

Harrington M, Gibson S, Cottrell RC. A review and meta-analysis of the effect of weight loss on all-
cause mortality risk. Nutr Res Rev. 2009; 22(1):93-108. doi: S0954422409990035 [pii]; https://doi.org/
10.1017/50954422409990035 PMID: 19555520

Mulligan AA, Lentjes MAH, Luben RN, Wareham NJ, Khaw KT. Weight change and 15 year mortality:
results from the European Prospective Investigation into Cancer in Norfolk (EPIC-Norfolk) cohort study.
Eur J Epidemiol. 2018; 33:37-53. https://doi.org/10.1007/s10654-017-0343-y PMID: 29264789

Flegal KM, Graubard BI, Williamson DF, Cooper RS. Reverse causation and iliness-related weight loss
in observational studies of body weight and mortality. Am J Epidemiol. 2011; 173:1-9. Epub 2010/11/
10. https://doi.org/10.1093/aje/kwq341 PMID: 21059807

Allison DB, Zannolli R, Faith MS, Heo M, Pietrobelli A, Vanltallie TB, et al. Weight loss increases and fat
loss decreases all-cause mortality rate: results from two independent cohort studies. Int J Obes Relat
Metab Disord. 1999; 23:603—11. PMID: 10411233

Graf CE, Herrmann FR, Spoerri A, Makhlouf AM, Sgrensen TIA, Ho S, et al. Impact of body composition
changes on risk of all-cause mortality in older adults. Clin Nutr. 2016; 35:1499-505. doi: S0261-5614
(16)30019-X [pii]; https://doi.org/10.1016/j.cInu.2016.04.003 PMID: 27126709

Berentzen T, Sgrensen TIA. Effects of intended weight loss on morbidity and mortality: possible expla-
nations of controversial results. Nutr Rev. 2006; 64:502—7. https://doi.org/10.1111/j.1753-4887.2006.
tb00183.x PMID: 17131946

PLOS ONE | https://doi.org/10.1371/journal.pone.0220838  August 15, 2019 12/13


https://doi.org/10.1136/bmj.i2156
http://www.ncbi.nlm.nih.gov/pubmed/27146380
https://doi.org/10.1136/bmj.i2195
http://www.ncbi.nlm.nih.gov/pubmed/27146280
https://doi.org/10.1093/ije/dyw246
http://www.ncbi.nlm.nih.gov/pubmed/27864401
https://doi.org/10.1210/jc.2017-00787
http://www.ncbi.nlm.nih.gov/pubmed/28938403
https://doi.org/10.1136/bmj.j4849
http://www.ncbi.nlm.nih.gov/pubmed/29138133
https://doi.org/10.1111/dom.12922
http://www.ncbi.nlm.nih.gov/pubmed/28244626
http://www.ncbi.nlm.nih.gov/pubmed/10535779
https://doi.org/10.1371/journal.pmed.0020171
http://www.ncbi.nlm.nih.gov/pubmed/15971946
https://doi.org/10.1159/000261416
http://www.ncbi.nlm.nih.gov/pubmed/20090384
https://doi.org/10.1017/S0954422409990035
https://doi.org/10.1017/S0954422409990035
http://www.ncbi.nlm.nih.gov/pubmed/19555520
https://doi.org/10.1007/s10654-017-0343-y
http://www.ncbi.nlm.nih.gov/pubmed/29264789
https://doi.org/10.1093/aje/kwq341
http://www.ncbi.nlm.nih.gov/pubmed/21059807
http://www.ncbi.nlm.nih.gov/pubmed/10411233
https://doi.org/10.1016/j.clnu.2016.04.003
http://www.ncbi.nlm.nih.gov/pubmed/27126709
https://doi.org/10.1111/j.1753-4887.2006.tb00183.x
https://doi.org/10.1111/j.1753-4887.2006.tb00183.x
http://www.ncbi.nlm.nih.gov/pubmed/17131946
https://doi.org/10.1371/journal.pone.0220838

@ PLOS|ONE

Body weight control and mortality

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Elfhag K, Rossner S. Who succeeds in maintaining weight loss? A conceptual review of factors associ-
ated with weight loss maintenance and weight regain. Obes Rev. 2005; 6:67—-85. https://doi.org/10.
1111/j.1467-789X.2005.00170.x PMID: 15655039

Block JP, He Y, Zaslavsky AM, Ding L, Ayanian JZ. Psychosocial stress and change in weight among
US adults. Am J Epidemiol. 2009; 170:181-92. https://doi.org/10.1093/aje/kwp104 PMID: 19465744

Razzoli M, Bartolomucci A. The Dichotomous Effect of Chronic Stress on Obesity. Trends Endocrinol
Metab. 2016; 27(7):504—15. https://doi.org/10.1016/j.tem.2016.04.007 PMID: 27162125

Geiker NRW, Astrup A, Hjorth MF, Sjodin A, Pijls L, Markus CR. Does stress influence sleep patterns,
food intake, weight gain, abdominal obesity and weight loss interventions and vice versa? Obes Rev.
2018; 19:81-97. https://doi.org/10.1111/0br.12603 PMID: 28849612

Trief PM, Cibula D, Delahanty LM, Weinstock RS. Depression, stress, and weight loss in individuals
with metabolic syndrome in SHINE, a DPP translation study. Obesity. https://doi.org/10.1002/oby.
20916 PMID: 25251749

Tomiyama AJ. Weight stigma is stressful. A review of evidence for the Cyclic Obesity/Weight-Based
Stigma model. Appetite. 2014; 82:8—15. https://doi.org/10.1016/j.appet.2014.06.108 PMID: 24997407

Puhl R, Suh Y. Health Consequences of Weight Stigma: Implications for Obesity Prevention and Treat-
ment. Current obesity reports. 2015; 4:182—90. https://doi.org/10.1007/s13679-015-0153-z PMID:
26627213

Jackson SE, Kirschbaum C, Steptoe A. Perceived weight discrimination and chronic biochemical stress:
A population-based study using cortisol in scalp hair. Obesity. 2016; 24:2515-21. https://doi.org/10.
1002/0by.21657 PMID: 27740706

The Copenhagen City Heart Study. Osterbroundersogelsen. A book of tables with data from the first
examination (1976-78) and a five year follow-up (1981-83). The Copenhagen City Heart Study Group.
Scandinavian journal of social medicine Supplementum. 1989; 41:1-160. PMID: 2711133

Schnohr P JG, Lange P, Scharling H, Appleyard M. Tables with data from the third examination 1991—
94. Eur Heart J. 2001; 3 (suppl H).

Kennedy AB, Lavie CJ, Blair SN. Fitness or Fatness: Which Is More Important? Jama. 2018; 319:231—
2. Epub 2018/01/18. https://doi.org/10.1001/jama.2017.21649 PMID: 29340689

Dstergaard JN, Grgnbaek M, Schnohr P, Sgrensen Tl, Heitmann BL. Combined effects of weight loss
and physical activity on all-cause mortality of overweight men and women. Int J Obes. 2010; 34:760-9.
doi: ij02009274 [pii]; https://doi.org/10.1038/ij0.2009.274 PMID: 20065967

PLOS ONE | https://doi.org/10.1371/journal.pone.0220838  August 15, 2019 13/13


https://doi.org/10.1111/j.1467-789X.2005.00170.x
https://doi.org/10.1111/j.1467-789X.2005.00170.x
http://www.ncbi.nlm.nih.gov/pubmed/15655039
https://doi.org/10.1093/aje/kwp104
http://www.ncbi.nlm.nih.gov/pubmed/19465744
https://doi.org/10.1016/j.tem.2016.04.007
http://www.ncbi.nlm.nih.gov/pubmed/27162125
https://doi.org/10.1111/obr.12603
http://www.ncbi.nlm.nih.gov/pubmed/28849612
https://doi.org/10.1002/oby.20916
https://doi.org/10.1002/oby.20916
http://www.ncbi.nlm.nih.gov/pubmed/25251749
https://doi.org/10.1016/j.appet.2014.06.108
http://www.ncbi.nlm.nih.gov/pubmed/24997407
https://doi.org/10.1007/s13679-015-0153-z
http://www.ncbi.nlm.nih.gov/pubmed/26627213
https://doi.org/10.1002/oby.21657
https://doi.org/10.1002/oby.21657
http://www.ncbi.nlm.nih.gov/pubmed/27740706
http://www.ncbi.nlm.nih.gov/pubmed/2711133
https://doi.org/10.1001/jama.2017.21649
http://www.ncbi.nlm.nih.gov/pubmed/29340689
https://doi.org/10.1038/ijo.2009.274
http://www.ncbi.nlm.nih.gov/pubmed/20065967
https://doi.org/10.1371/journal.pone.0220838

