-

brought to you by . CORE

View metadata, citation and similar papers at core.ac.uk

provided by Helsingin yliopiston digitaalinen arkisto

Obesity Science ractice

doi: 10.1002/0sp4.336

ORIGINAL ARTICLE

Self-report dieting and long-term changes in body mass index and

waist circumference
L. Sares-Jaske'?

"Department of Public Health Solutions,
National Institute for Health and Welfare,
Helsinki, Finland; 2Department of Public
Health, University of Helsinki, Helsinki,
Finland;

Received 7 December 2018; revised 26
February 2019; accepted 28 February 2019

Address for correspondence: L Sares-
Jéske, Department of Public Health Solu-
tions, National Institute for Health and
Welfare, PO Box 30, Helsinki FI-00271,
Finland. E-mail: laura.sares-jaske@thl.fi

, P. Knekt', S. Mannistd', O. Lindfors' and M. Helivaara’

Summary

Objective

This prospective study explores whether dieting attempts and previous changes in
weight predict changes in body mass index (BMI) and waist circumference (WC).

Methods

The study was based on the representative Finnish Health 2000 Survey and on its follow-
up examination 11 years later. The sample included 2,785 participants, aged 30-69. BMI
and WC were determined at health examinations. Information on dieting attempts and
previous changes in weight was collected using a questionnaire including questions on
whether participant had tried to lose weight (no/yes), gained weight (no/yes) or lost
weight (no/yes) during the previous year.

Results

At baseline, 32.8% were dieters. Of these, 28.4% had lost weight during the previous
year. Dieters had higher BMI and WC than non-dieters. During the follow-up, the mea-
sures increased more in dieters and in persons with previous weight loss. The mean
BMI changes in non-dieters versus dieters were 0.74 (standard deviation [SD]
2.13) kg/m? and 1.06 (SD 2.77) kg/m? (P = 0.002), respectively. The corresponding num-
bers for those with no previous weight change versus those who had lost weight were
0.65 (SD 2.07) kg/m2 and 1.52 (SD 2.61) kg/mz. The increases in BMI and WC were most
notable in dieters with initially normal weight.

Conclusions

The increases in BMI and WC were greater in dieters than in non-dieters, suggesting
dieting attempts to be non-functional in the long term in the general population.

Keywords: Dieting attempts, follow-up, obesity, weight change.

Introduction

maintained for a certain period of time (5,6). By contrast,
the majority of longitudinal observational population stud-

The prevalence of dieting is high worldwide, with approx-
imately 40% of general adult populations having tried to
lose weight at some point during the last 5 years (1).
Dieting is supposed to lead to weight loss, which among
individuals with initial obesity or overweight, thus, has
several health benefits (2—4). Previous studies on dieting
and subsequent changes in weight, however, have
yielded inconsistent results (5—19). Several weight loss
clinical trials have shown that weight loss can be
achieved and, with adherence to a regimen, also
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ies have shown subsequent weight gain among self-
report dieters (7—17), although some of the findings have
been divergent with dieting predicting both weight loss
and weight gain (18,19). Findings on factors modifying
the prediction of dieting attempts on later weight gain
have been scarce and partly inconsistent, with young fe-
male (7) and male (10) dieters and middle-aged female
(10) dieters being at higher risk. Moreover, having normal
weight (10,13) or more frequent intentional weight loss
episodes (13,15) seem to predict greater risk to gain more
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weight, whereas dietary restraint among dieters may help
to attenuate later weight gain (14). In addition to dieting, it
has also been demonstrated that recent weight changes
predict subsequent weight gain (20), but the evidence
on the effect of weight cycling on later weight gain (21),
somatic health (21) and psychological factors (22) re-
mains sparse. In persons with obesity, weight cycling is
associated with decreased perception of health and
well-being, although it does not seem to have adverse ef-
fects on mood and general psychological functioning (22).

Variety in the definition of dieting and unsatisfactory
consideration of confounding and effect-modifying fac-
tors may have affected the results of previous studies ad-
dressing dieting and subsequent changes in weight. Most
of the longitudinal studies have been carried out in non-
representative samples or with relatively short follow-up
times (most ranging from 1 to 6 years, with a few excep-
tions up to 15 years), thus giving an unsatisfactory view
of weight changes because of self-report dieting (23).

The aim of this study was to examine in a representa-
tive population sample the prediction of self-report
dieting attempts and previous changes in weight on sub-
sequent changes in body mass index (BMI) and waist cir-
cumference (WC) during a long, 11-year follow-up.
Special emphasis was put on control for a comprehensive
set of potential confounding factors and consideration of
potential effect modification by baseline BMI and a wide
set of sociodemographic, lifestyle, psychological and
health-related factors. Based on previous findings from
observational studies, it was hypothesized that dieting at-
tempts independently of potential confounding factors
would predict subsequent weight gain.

Methods

Study population

The data are based on the Health 2000 (24) and 2011 (25)
Surveys. The Health 2000 Survey, conducted in 2000—
2001, was a national health examination survey produc-
ing comprehensive information on health, well-being and
functional capacity with interviews, questionnaires and a
health examination. The health examination covered an-
thropometric measurements, bioimpedance measure-
ments, clinical examination and measurements, oral
examination and drawing of blood samples. The survey
was based on a two-stage stratified cluster sampling de-
sign. The nationally representative sample consisting of
individuals aged 30 years and over living in mainland
Finland included 8,028 individuals. Of the original sample,
7,419 (92% of the sample) participated in some part of the
survey, and 6,771 (84% of the sample) participated in a
health examination. The Health 2011 Survey, carried out

in 2011-2012, was a follow-up study of the Health 2000
Survey. A total of 6,222 individuals who had been in-
cluded in the Health 2000 Survey, were still alive, living
in Finland, had contact details available and who had
not refused to participate in further surveys were invited
to participate. Of the invited sample, 4,006 participated
in a health examination (64% of the sample).

Health 2000 and 2011 Surveys were conducted ac-
cording to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving human subjects
were approved by the Ethics Committee of the Hospital
District of Helsinki and Uusimaa. Written informed con-
sent was obtained from all subjects.

The data used in the present study covered 2,785 indi-
viduals (1,268 men and 1,517 women), aged 30—-69 years
at baseline, who were not pregnant at either measure-
ment point, with reliable information available on BMI
and WC at both measurement points and with previous
dieting and weight change information available at
baseline.

Measures

Data on dieting attempts, weight loss and weight gain
during the previous year were collected at baseline using
a self-administered questionnaire. Subjects were asked
whether they had tried to lose weight during the previous
year (no/yes) and, accordingly, divided into ‘non-dieters’
and ‘dieters’. The subjects were also asked whether they
had gained weight (no/yes) and whether they had lost
weight (no/yes) during the previous year. According to
these questions, a four-class variable including the cate-
gories ‘no’, ‘lost’, ‘gained’ and ‘weight fluctuation’ was
created. Weight fluctuation was defined as having both
lost and gained weight during the previous year. Further
questions concerning amounts of gained (range
1-25 kg, mean 3.97 [standard deviation, SD 2.49] kg)
and lost weight (range 1-38 kg, mean 5.11 [SD 4.00] kg)
during the previous year (kg) were omitted because of
small numbers of individuals and potentially low reliability
of the variables.

Information on BMI and WC was collected at health ex-
aminations at both measurement points. Weight (kg) was
measured with eight-polar bioimpedance devices (in
Health 2000: InBody 3.0, Biospace, Seoul, South Korea;
in Health 2011: Seca mBCA Model 5154 with Software
Seca analytics 115, Seca, Hamburg, Germany). The
results were recorded with a precision rate of 0.1 kg.
The participants’ height (cm) was measured using a
wall-mounted stadiometer with the participant standing
without shoes against the measurement scale, and it
was recorded in the Health 2000 with a precision rate of
0.5 cm and in the Health 2011 with a precision rate of
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0.1 cm. WC (cm) was measured using a regular, flexible
tailor's measuring tape in standing position on the bare
skin from the midpoint between the lowest rib bones
and a high point of the iliac crest, and it was recorded in
the Health 2000 with a precision rate of 0.5 cm and in
the Health 2011 with a precision rate of 0.1 cm. The BMI
was calculated as weight (kg) divided by the square of
height (m?). Obesity was defined as BMI > 30 kg/m?,
overweight as BMI > 25 kg/m? but <30 kg/m?, normal
weight as BMI < 25 kg/m? and abdominal obesity as
WC > 88 cm for women and >102 cm for men (26). The
change in BMI and WC during the follow-up was calcu-
lated as (measure in 2011) — (measure in 2000).

Data on age, sex and geographical area were derived
from national registers. Age was used as a continuous
variable and as divided into four 10-year categories.
Geographical area was divided into five university hospi-
tal regions: Helsinki, Turku, Tampere, Kuopio and Oulu.
Data on marital status, education, smoking, cancer diag-
nosis and self-rated health were collected via interviews.
Marital status was divided into four categories: married
or cohabiting, divorced or separated, widowed and sin-
gle. Education was divided into three categories: low
(did not graduate from upper secondary school or voca-
tional school), intermediate (graduated from upper sec-
ondary school or vocational school) and high (graduated
from university or vocational high school). Smoking was
divided into never smokers, former smokers and current
smokers. Cancer diagnosis was divided into never having
had cancer and having had cancer. Self-rated health was
divided into two categories: good or quite good perceived
health and average, quite poor or poor perceived health.
Data on leisure-time physical activity and alcohol con-
sumption were measured using self-administered ques-
tionnaires. Leisure-time physical activity was divided
into three categories: those who were not physically ac-
tive (low physical activity’), those who regularly engaged
in light physical activity like walking or cycling (‘moderate
physical activity’) and those who reported exercising for
3 h or more per week or training for competitive sports
(‘regular physical training’). Alcohol consumption (g/week)
was used as a continuous variable and as divided into
non-users, moderate users (1-199 for men or 1-99 for
women) and heavy users (200 or over for men or 100 or
over for women).

Diet was assessed using a validated self-administered
food frequency questionnaire designed to assess food in-
take during the previous year (27,28). Average daily con-
sumption of each food group and the supply of nutrients
and energy intake (kcal/day) were calculated using the
National Finnish Food Composition Database (Fineli®)
and in-house software (Finessi) (29). The Alternate
Healthy Eating Index (AHEI) (30) was selected as a

© 2019 The Authors

measure of diet quality. In this study, the index was com-
posed to imitate the original AHEI as closely as possible
while taking into account the special characteristics of
the Finnish dietary culture (31). Energy intake and the
AHEI were used as a continuous variable and as divided
into sex-specific quintiles.

Sense of coherence (SOC) was assessed using
Antonovsky’s SOC-13 scale (32). The mean from the
questions was calculated and divided into sex-specific
quartiles. Social support was measured as a part of a
questionnaire via a self-assessment scale, including
questions concerning possibilities to obtain help and sup-
port from people close to oneself. The sum from the
questions was calculated and divided into sex-specific
tertiles. Information about mental disorders, based on
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, diagnostics, was collected face to face
using the Munich-Composite International Diagnostic In-
terview (M-CIDI) (33) during the health examination.
Based on the structured questions in the M-CIDI, a
depressive disorder variable and an anxiety disorder
variable were formed. Information on burnout, measured
using the Maslach Burnout Inventory (34), was
collected only from subjects who had been working
during the last 12 months. The weighted sum from the
questions was calculated and divided into sex-specific
quartiles.

Information on type 2 diabetes (International Statistical
Classification of Diseases, 10th Revision, E11) was de-
rived from questionnaires, interviews, health examina-
tions and a nationwide register of patients receiving
diabetes medication reimbursement kept by the Social In-
surance Institution, and in this study, the disease was de-
fined as certain previously diagnosed diabetes or
possible diabetes. During the health examination, a deter-
mination of knee or hip arthrosis was made by physicians
on the basis of physical status, symptoms and medical
history (24,35). Information on elevated blood pressure
was derived from the health examination (the mean of
two blood pressure measurements) and the interview
(the use of anti-hypertensive medication) and was deter-
mined as systolic pressure equal to or over 130 mmHg
or diastolic pressure equal to or over 85 mmHg, or use
of anti-hypertensive medication.

Statistical analysis

The strength of association between dieting attempts and
weight change during the previous year versus descrip-
tive and potential confounding factors was estimated
using linear regression. The prediction of dieting and
weight change on changes in continuous BMI and WC
was studied using three linear models: model 1 included

Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice
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the respective dieting variable, sex and age; model 2 in-
cluded model 1 and the confounding factors education,
marital status, leisure-time physical activity, alcohol con-
sumption (continuous), smoking, energy intake (continu-
ous), AHEI (continuous) and geographical area; model 3
included model 2 and the baseline value of the outcome
variable in question. Model-adjusted mean levels were
estimated (36). Effect modification was studied (Tables 4,
5 and S2) by including in the model in question (model 1,
2 or 3) an interaction term between dieting and the poten-
tial interaction variable at issue.
All analyses were performed using SAS 9.3 (37).

Results
Baseline characteristics

Approximately one-third of the study population had tried
to diet (Table 1). Dieters were more frequently women and
non-smokers, consumed more alcohol and less energy
and had a higher diet quality than non-dieters. Moreover,
they had a worse SOC and more often had an anxiety dis-
order, type 2 diabetes, arthrosis and elevated blood pres-
sure, but less often had cancer, than non-dieters. Dieters
had also more often obesity than non-dieters and re-
ported more often previous changes in weight. Of dieters,
28.4% had lost weight, whereas 34.2% had gained
weight and 12.6% had weight fluctuation during the pre-
vious year. Of the dieters who had lost weight, 22.1%
had normal weight, 48.8% had overweight and 29.5%
had obesity. Those reporting previous changes in weight
were more commonly women, younger, exercised less
and had more often obesity than the individuals reporting
no changes in weight. Those who had lost weight or re-
ported weight fluctuation during the previous year had
the highest quality of diet, most often suffered from de-
pressive or anxiety disorder and had the most often
dieting attempts. By contrast, those who reported gaining
weight during the previous year had the worst SOC, the
highest burnout score and least often self-rated their
health as good.

Follow-up outcome

During the 11-year follow-up, BMI and WC increased by
3.2% and 2.8%, respectively (Table 2). The percentage
of subjects with obesity increased from 19.5% to 25%,
and the percentage of subjects with abdominal obesity
increased from 35.4% to 42.9%. The increase in BMI
and WC was more considerable in women; younger age
groups; single, divorced or separated individuals;
smokers; those receiving less social support from people

close to them; and those with poor self-rated health
(Table S1).

Dieting attempts, previous changes in weight and
changes in body mass index and waist circumfer-
ence during the follow-up

The increase in both continuous outcome variables, BMI
and WC, was more considerable in dieters than in non-
dieters (Table 3, model 3) (Figure 1). The F-tests of the
multivariate adjusted associations between dieting at-
tempts and change in both BMI and WC were statistically
significant, P-values being 0.002 and <0.0001, respec-
tively. A study of the weight change before baseline
showed that the largest increase in BMI and WC during
the follow-up occurred in those who reported that they
had lost weight or had experienced weight fluctuation
during the previous year. Thus, for instance, among those
having previously lost weight, the increase in BMI during
the follow-up was more than twofold than in those with
no previous changes in weight, the increases being 1.52
(SD 2.61) kg/m? and 0.65 (SD 2.07) kg/m?, respectively
(P < 0.0001).

Interaction between dieting attempts and baseline
body mass index

Consideration of the potential modifying effect of baseline
BMI on the association between dieting and subsequent
changes in BMI and WC during the follow-up showed that
the increases in BMI (P for interaction = 0.01) and WC (P
for interaction = 0.005) were more notable among dieters
with initially normal weight than among non-dieters with
initially normal weight (Table 4) (Figure 2). By contrast,
growth in both measures appeared to be smaller in di-
eters with initial obesity than in non-dieters with initial
obesity (Table 4) (Figure 2). The possible effect modifica-
tion of baseline BMI on the association between previous
changes in weight and subsequent change in BMI and
WC was tested, and the results proved to be non-
significant (P = 0.82 and P = 0.84, respectively).

Interaction between dieting attempts and previous
changes in weight

No significant interaction emerged between dieting and
previous weight change for changes in BMI or WC during
the follow-up (P = 0.25), despite that a considerable dif-
ference between non-dieters without previous weight
change and dieters who had lost weight was noted, with
the changes in BMI during the follow-up being 0.62 (SD
2.00) kg/m? and 1.70 (SD 2.98) kg/m? respectively
(Table 5, model 3). Further analyses on the interaction be-
tween dieting and a comprehensive set of potential
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Table 2 Changes in body mass index and waist circumference during the follow-up
Measurement point
2000 2011
Change® P for

Measure n Mean SD Mean SD (%) change
BMI (kg/m°) 2,785 26.5 4.40 27.4 4.79 3.2 <0.0001
WCP (cm) 2,783 91.0 12.9 93.6 13.8 2.8 <0.0001
People with obesity® (%) 2,785 19.5 25.0 28.2 <0.0001
People with abdominal obesity®? (%) 2,783 35.4 42.9 21.2 <0.0001

BMI, body mass index; n, number of subjects in respective category; SD, standard deviation; WC, waist circumference.

2Change from year 2000 to year 2011.

®nin 2000 = 2,783; n in 2011 = 2,766; n in change = 2,764.
°BMI > 30 kg/m”.

9WC for women: > 88 cm; for men: > 102 cm.

Table 3 Mean changes and their standard deviations in BMI and WC during an 11-year follow-up by self-report dieting attempts and self-report

weight change during the previous year (n = 2,785)

Dieting attempts during the previous year

Weight change during the previous year

No Yes No Lost Gained Weight fluctuation?®
(n=1,872) (n=913) (n=1,331) (h=471) (n =831) (n=152)

Obesity P for P for
measure Mean SD Mean SD heterogeneity Mean SD Mean SD Mean SD Mean SD heterogeneity
BMI (kg/m°)

Model 1 0.79 214 097 279 0.05 0.68 2.08 1.53 2.63 0.67 2.46 1.27 2.97 <0.0001

Model 2¢ 0.77 213 1.00 2.77 0.02 0.67 2.07 152 261 067 243 1.30 2.99 <0.0001

Model 3¢ 0.74 213 1.06 277 0.002 065 2.07 152 261 0.70 243 1.34 2.99 <0.0001
WC (cm)

Model 1 238 690 299 854 0.04 2.01 6.85 448 7.92 2.09 7.64 4.30 8.95 <0.0001

Model 2¢ 233 6.88 299 850 0.03 196 6.86 4.44 788 210 7.57 4.27 8.99 <0.0001

Model 3¢ 2.07 6.88 3.54 850 <0.0001 175 6.86 445 788 235 7.7 4.66 8.99 <0.0001

BMI, body mass index; n, number of subjects in respective category; SD, standard deviation; WC, waist circumference.

2Weight fluctuation means having lost and gained weight during the previous year.

PModel 1: mean changes adjusted for sex and age (continuous). Standard deviations are unadjusted.

°Model 2: mean changes adjusted for model 1, and education, marital status, leisure-time physical activity, alcohol consumption (continuous),
smoking, energy intake (continuous), Alternate Healthy Eating Index (continuous) and geographical area. Standard deviations are unadjusted.
9Model 3: mean changes adjusted for model 2, and baseline information of the outcome variable in question. Standard deviations are

unadjusted.

effect-modifying factors (i.e. sociodemographic, lifestyle,
psychiatric, psychological and social factors, and
health-related factors) on the prediction of changes in
BMI and WC during the follow-up showed no statistically
significant interactions (Table S2). Dieting and physical
activity showed a suggestive non-significant interaction
in prediction of an increase in BMI (P = 0.09) and WC
(P = 0.07). Of those training regularly, the increases in
both measures appeared to be higher in dieters than in
non-dieters.

© 2019 The Authors

Discussion

In contrast to several weight loss clinical trials (5,6), in this
study, dieters experienced a greater increase in BMI and
WC than non-dieters. These findings, however, are in line
with the majority of previous observational longitudinal
studies using self-report dieting as exposure (7—17). Most
of those studies, conducted both with adolescent popula-
tions progressing into adulthood and initial adult popula-
tions, have found self-report dieting and dieting
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Figure 1 Adjusted* mean increases in BMI and WC during the 11-year follow-up by dieting attempts during the previous year (n = 2,644). In all
analyses, P for heterogeneity < 0.01. BMI, body mass index; WC, waist circumference. Adjusted for sex, age, education, marital status, leisure-
time physical activity, alcohol consumption, smoking, energy intake, Alternate Healthy Eating Index, geographical area and baseline information
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Figure 2 Adjusted* mean increases in BMI during the 11-year follow-up by baseline BMI and dieting attempts during the previous year
(n = 2,644). P for interaction = 0.01. BMI, body mass index. Adjusted for sex, age, education, marital status, leisure-time physical activity, alco-
hol consumption, smoking, energy intake, Alternate Healthy Eating Index and geographical area.

attempts to be associated with later weight gain. How-
ever, some conflicting results, with dieting predicting both
weight loss and weight gain or the results being non-
significant, have been found as well (18,19). Even so, in
none of the observational studies was dieting associated
with subsequent weight loss only.

In addition to dieting attempts, previous weight loss
and weight fluctuation predicted subsequent increases
in BMI and WC in this study. Accordingly, a cohort study
with a 2-year follow-up and including 18,001 non-
smoking subjects showed that prior weight cycling and
weight loss predicted large weight gain (>2 kg/year) (20).
However, the evidence on an association between weight
cycling and weight gain remains inconsistent (21).

It seems that short-term weight loss can be achieved
by weight loss dieting, but in the long term, dieting often
results in inverse outcomes. There are a few possible ex-
planations for the conflicting results between the experi-
mental and observational studies. First, the follow-up
times are mostly shorter in weight loss clinical trials than
in observational studies. Second, subjects in clinical trials
have, on average, more often obesity, whereas in obser-
vational studies, the subjects’ BMIs vary by a wider range.
Third, the concept of dieting may vary between clinical tri-
als and observational studies. In weight loss clinical trials
as well as in general usage, dieting is generally perceived
as a restriction of energy intake and/or an increase in
physical activity. In practice, however, dieting can be

© 2019 The Authors
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Table 4 Mean changes and their standard deviations in BMI and WC during an 11-year follow-up by interaction of self-report dieting attempts
during the previous year and BMI at baseline

Dieting attempts during the previous year

No Yes

BMI at baseline (kg/mz) BMI at baseline (kg/mz)

<25(n=934) 25-29.9 (1=707) >30(n=231) <25(1=191) 25-29.9 (1=409) >30 (n = 313)

Obesity P for
measure n Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD interaction?
BMI (kg/m°)

Model 1° 2,785 0.78 1.82 0.81 2.15 0.76  3.10 1.36 2.40 117 2.55 049 3.14 0.005

Model 2° 2,644 0.76 1.81 0.81 2.12 0.69 3.10 1.41 2.42 1.17 2.52 054 3.14 0.01
WC (cm)

Model 1° 2,764 2.19 6.19 2.51 711 2.71 8.76  4.12 8.19 3.49 8.23 164 8.82 0.002

Model 2° 2,623 2.11 6.18 2.58 7.08 248 876 412 8.23 3.47 8.18 165 8.78 0.005

BMI, body mass index; n, number of subjects in respective category; SD, standard deviation; WC, waist circumference.

®Interaction for dieting attempts and BMI at baseline.

PModel 1: mean changes adjusted for sex and age (continuous). Standard deviations are unadjusted.

°Model 2: mean changes adjusted for model 1, and education, marital status, leisure-time physical activity, alcohol consumption (continuous),
smoking, energy intake (continuous), Alternate Healthy Eating Index (continuous) and geographical area. Standard deviations are unadjusted.

Table 5 Mean changes and their standard deviations in BMI and WC during an 11-year follow-up by interaction of self-report dieting attempts
during the previous year and self-report weight change during the previous year

Dieting attempts during the previous year

No Yes
Weight change during the previous year Weight change during the previous year
No Lost Gained  Weight fluctuation® No Lost Gained  Weight fluctuation®
(hn=1,112) (n=213) (=513 (n=34) (n=219) (n=258) (n=2319) (n=118)

Obesity P for
measure n Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD  Mean SD interaction®
BMI (kg/m°)

Model 1€ 2,785 0.68 2.01 1.43 2.09 0.73 2.34 1.14 256 0.64 2.39 1.61 3.00 0.56 2.65 1.30 3.08 0.58

Model 2% 2,644 0.67 2.00 1.35 2.08 0.74 2.33 1.14 256 0.68 2.39 1.66 2.98 0.56 2.59 1.35 3.1 0.31

Model 3° 2,644 0.62 2.00 1.29 2.08 0.75 2.33 1.15 256 0.73 2.39 1.70 2.98 0.63 2.59 1.42 3.11 0.25
WC (cm)

Model 1°¢ 2,764 2.08 6.71 4.36 6.49 2.14 7.26  3.13 761 1.69 7.52 457 8.95 2.00 824 4.63 9.31 0.62

Model 2¢ 2,623 2.03 6.71 4.14 6.46 2.16 7.24 3.03 7.61 159 7.57 468 8.90 1.99 8.08 4.65 9.38 0.44

Model 3° 2,623 1.63 6.71 3.61 6.46 2.27 7.24 3.22 7.61 217 7.57 5.16 8.90 2.56 8.08 5.20 9.38 0.38

BMI, body mass index; n, number of subjects in respective category; SD, standard deviation; WC, waist circumference.

2Weight fluctuation means having lost and gained weight during the previous year.

PInteraction for dieting attempts and weight change.

°Model 1: mean changes adjusted for sex and age (continuous). Standard deviations are unadjusted.

9Model 2: mean changes adjusted for model 1, and education, marital status, leisure-time physical activity, alcohol consumption (continuous),
smoking, energy intake (continuous), Alternate Healthy Eating Index (continuous) and geographical area. Standard deviations are unadjusted.
®Model 3: mean changes adjusted for model 2, and baseline information of the outcome variable in question (continuous). Standard deviations
are unadjusted.
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carried out in various ways, and subjective perceptions of
dieting can differ from reality. Thus, in observational epi-
demiological studies, self-report dieting variables pre-
sumably cover quite heterogeneous types of dieting
and, moreover, may vary according to several factors,
for example, BMI at baseline. In subjects with initial obe-
sity, dieting attempts may represent serious efforts to
lose substantial amounts of weight, while subjects with
initially normal weight may consider it their intention to
avoid gaining weight. In addition, personal attitudes to-
wards dieting, social pressure to diet or body image
may influence how participants answer the questions
concerning dieting. Simultaneous analyses conducted in
this study on dieting and previous weight change vari-
ables reassert the fact that the dieting attempts variable
may not necessarily measure whether or not one has lost
weight.

It is possible that dieting as such does not cause weight
gain, but it represents a susceptibility to gaining weight
because of several other factors. In a review on dieting
and future weight gain by Lowe (38), the author concluded
that a history of weight loss diets does not cause weight
gain beyond what would occur in the absence of dieting.
Dieters seem to differ from non-dieters according to sev-
eral socio-economic, lifestyle and health-related vari-
ables. In this study, the increase in BMI and WC was
more notable in women; younger age groups; single, di-
vorced or separated individuals; and smokers. Even
though these factors were adjusted for, some residual
confounding or effect modification cannot be excluded.
Furthermore, genetic predisposition may be one factor
inducing weight gain. In a longitudinal twin study, the
authors suggested that genetic and familial factors may
play a meaningful role in weight gain after dieting (10). In
that particular study, weight loss attempts were associ-
ated with subsequent major weight gain (>10 kg) over
both 6-year and 15-year periods among initially young
men and middle-aged women but attenuated to non-
significant in pair-wise twin analyses. However, another
longitudinal twin study concluded that besides a genetic
predisposition to gain weight, dieting may also have an
independent effect on subsequent weight gain (13).

In terms of dieting-induced weight gain, several possi-
ble explanations have been presented. Weight loss, oc-
curring in both fat and lean mass, has been shown to
induce both metabolic and behavioural changes by which
the body struggles to regain the weight (39,40). Decreas-
ing body weight and depletion of lean tissue lead to a re-
duced metabolic rate and energy expenditure, while
depletion of both fat and fat-free mass contributes to
compensatory hyperphagia, which persists until the total
recovery of fat-free mass (41,42). Moreover, varying
inter-individually, ~ weight  loss-induced  adaptive

thermogenesis diminishes energy expenditure in order
to conserve energy (43). In addition to the physiological
changes, moral self-licensing (44) after weight loss may
also act as a driver for weight regain. After strict dieting
regimen, dieters possibly use self-licensing (I've been
so good that now I've earned to pamper myself’) to justify
overeating to themselves and, hence, regain weight.

In this study, changes in BMI and WC were assessed
according to dieting and various potential effect-
modifying factors. Simultaneous analysis on dieting at-
tempts and previous changes in weight showed sugges-
tive differences in changes in BMI and WC during the
follow-up between the subgroups created. The largest
weight gain during the follow-up occurred in dieters who
reported that they had lost weight or experienced weight
fluctuation during the previous year while the weight gain
was more moderate in non-dieting and dieting previous
weight maintainers and also previous weight gainers. This
finding suggests that previous weight loss and weight
fluctuation may be stronger predictors of subsequent
weight gain than mere attempts at dieting, which could
be explained by biological mechanisms activated to
regain the weight after weight loss (39).

In this study, the increases in BMI and WC were greater
in dieters with initially normal weight than in non-dieters
with normal weight, while no corresponding differences
were seen in participants with initial overweight or obe-
sity. Dieting is more common in people with overweight
or obesity (1), but it is frequent in populations with normal
and underweight as well (45). In accordance with the find-
ing of this study, it has been demonstrated that especially
dieters with initial normal weight are prone to later weight
gain (42), while no such clear association has been found
among persons with initial obesity (46). In dieters with
normal weight, weight loss consists more of lean tissue
and less of fat mass than it does for dieters with obesity
(47). It has been suggested that, as a result of loss of both
lean mass and fat mass, feedback signals contribute to
weight regain, which favour the replenishment of fat stor-
ages and delay protein repletion (42). In people with initial
normal weight, this leads to gaining more fat than was
lost, thus fat overshooting. Alternatively, in a review article
on dieting and weight gain, Lowe (38) concluded that in
individuals without initial obesity, weight loss dieting does
not induce later weight gain per se. On the contrary, it
would represent an individual’s predisposition to weight
gain because of other factors (e.g. individual characteris-
tics and the obesogenic environment).

In this study, dieting and physical activity showed a
suggestive non-significant interaction in the prediction
of an increase in BMI and WC. Of those participants
who reported training regularly, the increases in both
measures appeared to be higher in dieters than in non-
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dieters. Regular physical activity has been shown to pre-
vent from weight gain (48). However, it is possible that the
disadvantageous consequences of dieting negate the
preventive effects of physical activity. Moreover, it is pos-
sible that dieters over-report their physical activity or that
there have been alterations in the physical activity routine
of dieters during the follow-up. Dieters may have used
physical activity as a method to lose weight, while also
restricting their eating, but eventually have given up on
both, possibly overeaten to compensate after strict con-
trol and, thus, gained weight.

The major strengths of this study are the representative
population sample, the long follow-up, the valid and reli-
able BMI and WC measures giving comparable results
at both time points and the comprehensive set of poten-
tial confounding and effect-modifying factors considered.
There are also some limitations. First, because the BMI
and WC were measured only at the beginning and at the
end of the follow-up, the real progress in participants’
weight between the time points does not show. Second,
the information on dieting attempts and previous changes
in weight was assessed only at baseline. During the 11-
year follow-up, however, dieting behaviour may have
changed (some of the non-dieters may have started
dieting and some of the dieters may have discontinued
their dieting attempts), affecting the BMI and WC. Third,
despite the fairly exhaustive adjustment for potential con-
founding factors performed, there is still the possibility of
residual confounding because of the absence of some
variables (i.e. occupational physical activity, perceived
body size/image, and eating disorders) in the data.
Fourth, because of the skew distributions of some poten-
tial effect-modifying factors (e.g. psychiatric and somatic
health), some categories were too small to reveal the pos-
sible significance of interaction. Fifth, because of the rel-
atively broad ranges of the amounts of previous weight
change, the gained and lost weight categories may be
quite heterogeneous. Finally, the validity and reliability of
the self-report dieting variable may vary from one sub-
group to another and between studies. Although there
are differences in how information on self-report dieting
is obtained in epidemiological cohort studies, apparently,
the wording and the structure of the questions do not play
a meaningful role because the findings of the studies have
been quite similar.

Conclusion

In conclusion, during the follow-up, BMI and WC in-
creased more in dieters than in non-dieters, suggesting
that dieting attempts are ineffective in the long term
among the general population. In individuals with initial
obesity, dieting does not necessarily directly lead to

© 2019 The Authors

greater weight gain, and hence, it should not be avoided
by persons with morbid obesity but conducted using
evidence-based strategies. Yet, in persons with initially
normal weight, dieting attempts may predispose one to
or represent another predisposition to future weight gain.
Thus, it is essential to develop preventive strategies
against unnecessary dieting attempts and to promote
healthy ways of weight maintenance.
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