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Abstract
Purpose To identify demographic, (bio)physical, behavioral, and psychological determinants of successful lifestyle change
and program completion by performing a secondary analysis of the intervention arm of a randomized-controlled trial, investigating a preconception lifestyle intervention.
Methods The 6-month lifestyle intervention consisted of dietary counseling, physical activity, and behavioral modification, and was aimed at 5–10% weight loss. We operationalized successful lifestyle change as successful weight loss (≥ 5%
weight/BMI ≤ 29 kg/m2), weight loss in kilograms, a reduction in energy intake, and an increase in physical activity during
the intervention program. We performed logistic and mixed-effect regression analyses to identify baseline factors that were
associated with successful change or program completion.
Results Women with higher external eating behavior scores had higher odds of successful weight loss (OR 1.10, 95% CI
1.05–1.16). Women with the previous dietetic support lost 0.94 kg less during the intervention period (95% CI 0.01–1.87 kg).
Women with higher self-efficacy reduced energy intake more than women with lower self-efficacy (p < 0.01). Women with
an older partner had an increased energy intake (6 kcal/year older, 95% CI 3–13). A high stage of change towards physical activity was associated with a higher number of daily steps (p = 0.03). A high stage of change towards weight loss was
associated with completion of the intervention (p = 0.04).
Conclusions Determinants of lifestyle change and program completion were: higher external eating behavior, not having
received previous dietetic support, high stage of change. This knowledge can be used to identify women likely to benefit
from lifestyle interventions and develop new interventions for women requiring alternative support.
Trial registration The LIFEstyle study was registered at the Dutch trial registry (NTR 1530; http://www.trialregister.nl/trial
reg/admin/rctview.asp?TC=1530).
Keywords Lifestyle intervention · Obesity · Preconception · Determinants
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Background
In 2000, the World Health Organization declared obesity
a pandemic and one of the most important current public
health problems [1, 2]. Overweight and obesity are major
risk factors for a number of chronic diseases, including diabetes, cardiovascular diseases, and cancer [3, 4]. In the Netherlands in 2012, 6% of women aged 20–29 years and 10% of
those aged 30–39 years were obese [5]. In the United States,
37% of women of reproductive age were obese in 2013–2014
[6]. In women, obesity is associated with lower pregnancy
rates, higher rates of obstetric complications [7–9], and it
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negatively affects maternal future health as well as health
of the offspring [10].
To decrease the risks of obesity-related diseases, treatment consisting of lifestyle optimization, through a comprehensive program of lifestyle modification, is recommended
[10–13]. However, lifestyle change has proven to be difficult
and most lifestyle interventions have been shown to induce
only modest changes in targeted behaviors [13–15]. Furthermore, non-completion rates (24%) of lifestyle intervention
programs reduce treatment success [16, 17].
Nevertheless, the preconception period seems to be a time
in which women are particularly receptive to advice about
diet and lifestyle [18]. For example, studies have shown that
interventions aimed at smoking cessation are more successful among women who intended to become pregnant [19,
20]. Potential beneficial effects on the health of a future child
have been reported to be an important motivator for women
to change their lifestyle [21].
Psychosocial and behavioral variables, such as higher
motivation, higher self-efficacy, a more positive bodyimage, self-regulation skill use [22], fewer previous weight
loss attempts [23, 24], and a higher socioeconomic status
[25], have been linked to lifestyle change success. Further
knowledge on determinants of success or failure to achieve
lifestyle change through lifestyle intervention programs is
important. Knowing what type of persons are successful in
achieving their intended goals during an intervention program and being able to screen participants on certain characteristics before the start of an intervention program can assist
in future intervention design and delivery of more individualized, and hopefully more effective interventions [13].
We conducted the LIFEstyle study, a randomized-controlled trial (RCT) including 577 women with obesity and
infertility, which compared the effects of a 6-month preconception lifestyle intervention preceding infertility treatment
to prompt infertility treatment [17]. The intervention was
efficacious in the sense that it resulted in modest weight loss
of 5.3 kg in women who completed the intervention. However, 22% of women did not complete the intervention [17].
The purpose of the current study was to investigate the determinants of successful lifestyle change and completion of the
intervention program in women with obesity and infertility
using data from women in the intervention arm of the RCT.

Materials and methods
This study used data of the LIFEstyle study, which was a
multicenter RCT in 577 women with obesity and infertility
[body mass index (BMI) ≥ 29 kg/m2] aged between 18 and
39 years. In total, 290 women were allocated to the intervention group; one woman withdrew her informed consent.
For the current study, we only used the data of women
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randomized to receive the intervention (N = 289). The design
and main results of the LIFEstyle study have been reported
previously [17, 26]. Infertility was defined as chronic anovulation or unsuccessful conception for at least 12 months
[27]. Women with endocrinopathy, severe endometriosis,
premature ovarian insufficiency, untreated preexisting hypertension, and women with a history of hypertension-related
pregnancy complications were excluded [26].

Lifestyle intervention
During the LIFEstyle study, women in the intervention group
participated in a 6-month structured lifestyle intervention
program, which was aimed at a weight loss of at least 5%
of the original body weight. When the target weight reduction was met, or when BMI had decreased to below 29 kg/
m2, or after finalization of the 6-month program, couples
were eligible for infertility treatment. Infertility treatment
was offered according to the Dutch guidelines for reproductive medicine and could consist of expectative management,
ovulation induction, intrauterine inseminations, in vitro fertilization, or intracytoplasmic sperm injection depending on
the diagnosis which the couple received after the infertility
workup [28].
The lifestyle program consisted of a combination of
dietary counseling, an increase in physical activity, and
an individualized behavioral modification plan [11, 26,
29, 30]. Four individual consultations at the local hospital
were planned in the first 3 months of the intervention and
two additional sessions in the last 3 months. In between,
four consultations by telephone or e-mail were scheduled.
Trained intervention coaches, who had a degree in nursing
or dietetics, guided participants throughout these consultations. Weight and height were measured by the intervention coach at baseline, and weight measurements were continued during the six individual consultations at the local
hospital. During the four telephone/e-mail consultations
in between, weight measures were provided by the women
themselves. Coaches used a standardized software module
to minimize practice variation. Information, including body
measurements, energy intake, and physical activity, was
captured in this system at all ten time points. Women were
advised to consume a healthy diet with a caloric reduction
of approximately 600 kilocalories (kcal) per day compared
to their habitual energy intake, but a total energy intake of at
least 1200 kcal/day. Besides the consultations, participants
received feedback on food and energy intake on a daily basis
using a web-based food diary ‘Eetmeter’ of the Netherlands
Nutrition Center [31], which is linked to the Dutch food
composition database [32]. This web-based food diary was
used for counseling purposes and has not been validated for
research purposes. Data on energy intake were collected by
the web-based food diary during each consultation with the
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intervention coach and used to estimate mean energy intake
per day in the period prior to each consultation. In addition,
women were advised to be physically active with moderate
intensity (60–85% of maximum heart rate frequency) for
at least 30 min two-to-three times a week and to increase
physical activity in daily life by taking 10,000 steps per day
monitored by a pedometer (Yamax Digi-Walker SW 200,
Develing International®, Bunschoten, The Netherlands).
A diary was kept on these physical activities to establish
self-monitoring. The pedometer was used to calculate mean
daily steps during the intervention period prior to each consultation with the intervention coach. Changing behavior
through motivational counseling was directed at: (1) awareness of actual lifestyle leading to overweight or obesity,
(2) counseling healthy lifestyle measures: the benefit of a
healthy lifestyle in relation to infertility, and spontaneous
and treatment-dependent pregnancy chances, pregnancy
complications, and perinatal outcome, and (3) formulating
individualized goals embedded in a ‘patient contract’. During the intervention, individual goals were evaluated, participants received feedback from the intervention coaches,
and goals were adapted if necessary.

Outcome measures and determinants of outcomes
Lifestyle change outcomes
In this exploratory analysis, we aimed to identify determinants of lifestyle change and completion of the intervention program. We operationalized lifestyle change using the
following dichotomous and continuous outcomes: successful weight loss (dichotomous), continuous weight loss in
kilograms, change in daily energy intake (continuous), and
change in daily number of steps (continuous) during the
intervention program. Successful weight loss was defined
as weight loss of at least 5% of original body weight or
reaching a BMI ≤ 29.0 kg/m2 at any given moment during
the 6-month intervention period, as this is in line with the
aim of the intervention program. When a woman achieved
the successful weight loss goal, she was allowed to stop the
intervention program and was considered a completer of
the intervention. Since the goal on an individual level was
5–10% weight loss and women formulated individual goals
with the intervention coach prior to the intervention, she
could also choose to continue losing weight (N = 28, 10%)
within the 6-month intervention program.
Since weight loss is the result of the balance between
energy intake and energy expenditure, we also analyzed the
continuous variables ‘change in mean energy intake in kilocalories per day’, as measured by the web-based ‘Eetmeter’
[31] and ‘change in the mean number of steps per day’, as
measured by the pedometer. All changes in steps and energy
intake were calculated using the difference between baseline

consultation and the last consultation during the intervention. When a woman became pregnant during the intervention period, subsequent continuous outcome measurements
were censored from the longitudinal analysis.
Outcome completion of the intervention program
In addition, we investigated determinants of completion of
the lifestyle intervention (dichotomous). Women were considered to have completed the intervention when they did
not miss more than two consecutive coaching sessions and
finalized the intervention at 6 months independent of the
amount of weight loss. When a woman became pregnant or
achieved successful weight loss before or within 6 months,
and, therefore, did not reach the full 6-month length of the
intervention period, the intervention was also considered
completed.
Determinants of lifestyle change
Possible determinants of lifestyle change and data of questionnaires were all assessed at baseline and categorized into
several domains, namely:
• Demographic characteristics Age, ethnicity, education

level, socioeconomic status, and smoking of the woman
were obtained from medical records. The socioeconomic
status was based on the postal code using the status score
from 2010, developed by the Netherlands Institute for
Social Research [33]. This score reflects the social status of a neighborhood, compared to other neighborhoods
in the Netherlands. A positive score represents a higher
socioeconomic status, relative to the Dutch overall average of 0 (range − 5.27 to 2.15).
• Infertility characteristics duration of infertility in months,
nulliparity, presence of anovulation, male factor infertility, or unexplained infertility were retrieved from medical
records.
• Anthropometric and weight characteristics BMI in kg/
m2, waist circumference in centimeter, and waist–hip
ratio were measured by the intervention coach. Highest
and lowest body weight over a period of the last 10 years,
highest weight ever, weight variability in kg (calculated
using the highest and lowest body weight during the past
10 years), and the number of the previous weight loss
attempts during the last 5 years were all retrospectively
questioned.
• Metabolic characteristics Degree of insulin resistance
was quantified using the homeostasis model assessment of insulin resistance (HOMA-IR). This model
was defined as fasting insulin concentration in µU/mL
multiplied by fasting glucose concentration in mmol/L
divided by 22.5 [34]. The presence of metabolic syn-
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drome was identified using the 2001 revised National
Cholesterol Education Program Adult Treatment Panel
(rNCEP ATP III) criteria [35].
• Psychosocial characteristics Quality of Life (QoL) was
assessed with the Short Form-36 (SF-36) questionnaire
[36, 37], which measures overall physical and mental
QoL.
	  The stage of change was based on the transtheoretical
model of Prochaska and DiClemente [38].
• This model describes the classification of participants
into five stages of change; (1) precontemplation, (2) contemplation, (3) preparation, (4) action, and (5) maintenance. In our study, the stage of change for weight loss
and physical activity behavior change were classified
using two single-item questions. A higher score indicated
a higher stage of change. The stage of change for weight
loss [39] was derived from the following question: ‘Have
you been trying to lose weight?’, with possible answer
categories: (1) ‘No, and I am not planning to do so in
the coming 6 months’, (2)‘No, but I am planning to do
so in the coming 6 months’, (3)‘No, but I am planning
to do so in the coming month’, (4)‘Yes, I have been trying to lose weight for less than 6 months’, and (5)’Yes,
I have already been trying to lose weight for more than
6 months. The stage of change for physical activity [40,
41] was derived from the answer categories ranging
from: (1) ‘At the moment I am not physically active on
a regular basis and I do not intend to start in the near
future’ (2) ‘At the moment I am not physically active
on a regular basis, but I intend on becoming so in the
near future’, (3) ‘During the past few months I occasionally engaged in exercise or sports’, (4) ‘During the last
6 months I engaged in exercise or sports at least 5 days
a week for at least 30 min’, and (5) ‘During the past year
I engaged in an intense workout at least three times a
week’. The previous support in losing weight (either by
dietician or partner) or receiving no support was derived
asking whether the following single-item statements were
applicable: ‘I received help from a dietician’, ‘I received
help from my partner’, or ‘I did not receive any support’.
Self-efficacy was assessed, using the non-validated
single-item statement ‘I think I’ll manage to reach my
weight goal, when I’m trying to lose weight’ and body
satisfaction, using the non-validated single-item statement ‘I am satisfied with my own body weight’, both
were scored on a five-point Likert scale. We assessed
three subscales of the Dutch Eating Behavior Questionnaire (DEBQ) [42]: emotional eating, external eating,
and restrained eating. Emotional eating is described as
the eating in response to emotional arousal states such as
fear, anger, or anxiety. External eating: eating in response
to external food cues such as sight and smell of food.
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Restraint eating: overeating after a period of slimming
when the cognitive resolve to diet is abandoned [42].
• Diet and physical activity characteristics: Mean energy

intake in kcal per day was estimated using a web-based
food diary of the Netherlands Nutrition Center and
mean steps per day were monitored using a pedometer.
Meeting the recommendations for fruit and vegetable
intake was based on the Dutch Guidelines for a healthy
diet 2006 [43], which advises a minimal recommended
fruit and vegetable intake of 200 g per day of which a
maximum of 100 g of fruit could be substituted by 1
glass of fruit juice. Dietary intake was assessed using
a self-administered Food Frequency Questionnaire
(FFQ). The first part of the FFQ was obtained from the
standardized questions on food consumption used for
the Public Health Monitor in the Netherlands [44]. This
standardized questionnaire consisted of questions about
type of cooking fats, type of bread, frequency of breakfast use, frequency of consumption, and portion size
of vegetables, fruits, and fruit juice. This first part has
been supplemented with a second part, consisting of
additional frequency and portion size questions about
snack intake, the usage of sugar containing and alcoholic beverages, and the use of creamer and/or sugar
in coffee and tea. Frequency of consumption was asked
per week (breakfast, vegetable, and fruit) or per month
(sugar containing and alcoholic beverages, and snacks).
We were not able to estimate energy intake from the
FFQ, since it only determined food groups. Therefore,
it was used to determine the intake of specific food
groups and dietary behaviors as potential determinants
of successful lifestyle change. The FFQ was collected
at baseline, 3, 6, and 12 months after randomization.
For this analysis, the FFQ at baseline was used.
• To assess the total amount of moderate to vigorous physical activity and if participants met the Dutch guidelines
for physical activity, the validated Short Questionnaire to
Assess Health-enhancing physical activity questionnaire
(SQUASH) was used [45]. Based on the Ainsworth’s
compendium of physical activities [46], activities were
subdivided into 2 to < 4 Metabolic Equivalent of Task
(MET, light), 4-<6.5 MET (moderate), and ≥ 6.5 MET
(vigorous). These cut-off points were chosen based on
the Dutch physical activity guideline [47].
• Partner characteristics Age, BMI, ethnicity, and smoking

behavior of the partner were based on medical records.
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Statistical analyses
Descriptive statistics are given as n, %, median, and interquartile range (IQR) where appropriate. We examined the
data regarding determinants and outcomes for plausibility,
excluding outliers from further analyses. We omitted outliers in mean energy intake (web-based food diary ‘Eetmeter’
< 500 and > 5000 kcal per day, N = 26) and steps (pedometer > 40,000 steps per day, N = 6). In addition, all continuous variables used as determinants were screened for outliers
and improbable values were omitted.
Univariable logistic regression analyses were performed
to identify determinants of lifestyle change of the dichotomous outcomes. The results of the logistic regression analyses are reported as the odds ratio (OR) with the corresponding 95% confidence interval (CI). Mixed-effect regression
analysis was performed to identify determinants of lifestyle
change on the repeated measurements of the continuous outcomes (weight, energy intake, and number of steps). Mixedeffect regression analysis handles non-independent data,
such as repeated measurements, and in contrast to ANOVA
analysis, it is not limited to complete-case analysis. We
performed baseline correction by introducing the baseline
measurement of the dependent variable as a covariate in the
mixed-effect regression models, and we included a random
intercept. Since pregnancy is known to affect body weight
and energy intake, we censored measurements on weight,
energy intake, and number of steps of women with an
ongoing pregnancy from the conception date onwards. The
results of the mixed-effect regression models are reported
Table 1  Baseline characteristics
of 289 women randomized to
the intervention group of the
LIFEstyle RCT

as regression coefficients (β) and the corresponding 95%
CI, and indicate mean change throughout the intervention
period.
To identify independent determinants of lifestyle change
or completion of the intervention program, all determinants
with a p value < 0.05 were entered in the multivariable
binary logistic regression model or multivariable mixedeffect regression model. When the overall p value for a categorical variable was not significant, but one of the subcategories was, the entire categorical variable was considered
as not being statistically significant. Since our analyses are
exploratory, we did not adjust for multiple testing [48]. All
analyses were performed using IBM SPSS Statistics (version
22.0; SPSS Inc, Chicago, IL, USA).

Results
Baseline characteristics of women in the intervention group
are shown in Table 1.

Determinants of successful weight loss
Loss of ≥ 5% of the original body weight or reaching a
BMI ≤ 29 kg/m2 was achieved by 119/289 women (41%)
within 6 months after randomization, of which 116
women reached ≥ 5% weight loss and 18 women reached
a BMI ≤ 29 kg/m2 (not mutually exclusive). A lower BMI,
a lower waist circumference, a lower highest weight in the
past 10 years, not receiving the previous support in losing

Age of women (years; mean ± SD)
Non-Caucasian (yes; N, %)
Education level (N, %)
No education/primary school
Secondary education
Intermediate vocational education
Higher vocational education and university
Socioeconomic status scorea (median, IQR)
Current smoker (yes; N, %)
Baseline BMI (kg/m2; median; IQR)
Baseline weight (kg; mean ± SD)
Baseline energy intake (kcal/day; median; IQR)
Baseline steps (steps/day; median; IQR)
Age of partner (years; mean ± SD)
Smoking partner (yes; N, %)
Baseline BMI of partner (kg/m2; median, IQR)

N

LIFEstyle Intervention Program

289
289
276

29.7 ± 4.5
33 (11.4)

230
285
288
288
213
230
289
286
247

17 (6.2)
66 (23.9)
135 (48.9)
58 (21.0)
− 0.53 (− 1.24 to 0.38)
76 (26.3)
36.1 (33.4–38.6)
103.5 ± 13.9
1890 (1600–2200)
6000 (4000–8000)
33.5 ± 6.1
117 (40.9)
27.7 (24.4–31.0)

RCTrandomized-controlled trial, BMI body mass index, IQR interquartile range

a

Socioeconomic status score [Netherlands Institute for Social Research (SCP)] in 2010 relative to Dutch
average of 0; a higher score represents a higher socioeconomic status
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Table 2  Determinants of
successful weight loss in 289
women randomized to the
intervention group

Determinants
2

BMI (kg/m )
Waist circumference (cm)
Highest weight past 10 years (kg)
Previous support by a dietician
External eating (units in DEBQ)

OR (95% CI) univariable p
0.87 (0.81–0.94)
0.97 (0.95–1.00)
0.98 (0.96–0.99)
0.56 (0.34–0.98)
1.07 (1.02–1.12)

OR (95% CI) multivariable p

0.001 0.93 (0.81–1.07)
0.02 1.00 (0.96–1.04)
< 0.01 0.98 (0.96–1.01)
0.04 0.53 (0.29–1.00)
< 0.01 1.10 (1.05–1.16)

0.29
0.87
0.28
0.05
< 0.01

Bold value indicates a statistically significant difference with a p-value less than 0.05
Results of uni- and multivariable logistic regression analyses on determinants of successful weight loss.
To identify independent determinants of lifestyle change or completion of the intervention program, all
determinants with a p value < 0.05 were entered in the multivariable binary logistic regression model. ORs
indicate the odds of successful weight loss given that the determinant is present. Successful weight loss
is defined as loss of ≥ 5% of original body weight or reaching a BMI ≤ 29 kg/m2. Full univariable logistic
regression results are provided in Additional Table S1.
OR odds ratio, BMI body mass index, DEBQ Dutch Eating Behavior Questionnaire

weight by a dietician, and a higher score on external eating behavior were significantly associated with successful
weight loss in the univariable logistic regression analyses
(Additional Table S1) and were, therefore, included in the
multivariable model (Table 2).
The multivariable logistic regression model showed that
women with higher scores on external eating behavior had
higher odds of successful weight loss (OR 1.10, 95% CI
1.05–1.16).

Determinants of weight loss (as continuous
variable)
Mean weight loss was 5.20 kg (95% CI − 5.72 to − 4.68) at
6 months after randomization compared to the baseline visit
(p < 0.001). A higher BMI, a longer duration of infertility, a
higher number of past weight loss attempts, a higher stage
of change towards weight loss, and receiving the previous
support by a dietician were significantly associated with the
magnitude of weight loss in the univariable mixed-effect
regression model (Additional Table S2) and were, therefore,
included in the multivariable mixed-effect regression model
(Table 3).
In the multivariable mixed-effect regression model,
receiving the previous support by a dietician to lose weight
was the only independent determinant of continuous weight
loss. Women who had the previous support by a dietician
lost 0.94 kg less weight during the intervention period (95%
CI 0.01–1.87 kg) than women who did not receive support
(Table 3).

Determinants of energy intake
During the intervention, women reduced their mean energy
intake per day by 472 kilocalories (95% CI − 536 to − 409)
at 6 months after randomization compared to the baseline
visit (p < 0.001). Self-efficacy and a higher age of the partner

13

were significantly associated with changes in energy intake
in the univariable mixed-effect regression model (Additional
Table S2), and were, therefore, included in the multivariable
mixed-effect regression model (Table 4).
In the multivariable mixed-effect regression model, both a
higher age of the partner and self-efficacy remained independently associated with energy intake. For each year increase
in the age of the partner, the daily energy intake increased
by 6 kcal (95% CI 3–13). Furthermore, self-efficacy was
significantly associated with energy intake (p < 0.01), i.e.,
women with the highest self-efficacy on the Likert scale had
decreased mean energy intake relative to women with the
lowest self-efficacy level (p < 0.01).

Determinants of number of steps
Women increased their mean number of steps per day by
3231 steps (95% CI 2540–3921) at 6 months after randomization compared to the baseline visit (p < 0.001). A
higher degree of insulin resistance, presence of metabolic
syndrome, and a higher stage of change towards physical
activity were significantly associated with the daily number
of steps in the univariable mixed-effect regression model
(Additional Table S2) and were, therefore, included in the
multivariable mixed-effect regression model (Table 4).
In the multivariable model, the stage of change towards
physical activity was significantly associated with the daily
number of steps (p = 0.03), with a trend towards more steps
in women who were increasingly ready to change, compared
to women in the maintenance stage of change.

Determinants of completion of the lifestyle
intervention
In total, 226 (78%) women completed the lifestyle intervention. Reasons for discontinuing the intervention program
were: a lack of motivation (n = 40), relationship problems
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Table 3  Determinants of weight
loss in kilograms in 289 women
randomized to the intervention
group

Determinants
2

BMI (kg/m )
Duration of infertility (months)
Number of weight loss
attempts in past 5 years
None
1 Attempt
2–3 Attempts
4–5 Attempts
> 5 Attempts
Stage of change: weight loss
Precontemplation
Contemplation
Preparation
Action
Maintenance
Previous support by a dietician

β kg (95% CI) univariable p

β kg (95% CI) multivariable p

0.25 (0.08–0.42)
0.02 (0.00–0.03)
n.a.

< 0.01
0.03
< 0.01

0.07 (− 0.14 to 0.28)
0.02 (− 0.00 to 0.04)
n.a.

0.51
0.08
0.08

[ref]
0.80 (− 1.09 to 2.69)
0.47 (− 1.28 to 2.22)
0.76 (− 1.10 to 2.62)
2.26 (0.57–3.95)
n.a.
n.a.
− 2.21 (− 6.73 to 2.302)
− 1.11 (− 2.35 to 0.13)
− 1.90 (− 2.80 to − 0.99)
[ref]
1.37 (0.48–2.27)

[ref]
0.40
0.60
0.42
< 0.01
0.001
n.a.
0.34
0.08
< 0.001
[ref]
< 0.01

n.a.
[ref]
− 0.83 (− 2.25 to 0.59)
− 0.87 (− 2.45 to 0.71)
0.42 (− 0.98 to 1.82)
n.a.
n.a.
− 1.84 (− 6.41 to 2.73)
− 0.16 (− 1.55 to 1.24)
− 1.12 (− 2.15 to − 0.09)
[ref]
0.94 (0.01–1.87)

[ref]
0.25
0.28
0.56
0.15
n.a
0.43
0.83
0.03
[ref]
0.047

Bold value indicates a statistically significant difference with a p-value less than 0.05
Results of uni- and multivariable mixed-effect regressions models on determinants of weight loss. With
correction for baseline BMI and including a random intercept. Mixed-effect regression analysis was performed to identify determinants of lifestyle change on the repeated measurements of the continuous weight
loss outcome. All determinants with a p value < 0.05 were entered in the multivariable model. We censored
weight measurements of women with an ongoing pregnancy from the conception date onwards. The results
of the mixed-effect regression models are reported as regression coefficients (β) and the corresponding 95%
CI, and indicate mean change throughout the intervention period. A negative number indicates additional
weight loss; a positive number indicates less weight loss. Full univariable mixed-effect regression results
are provided in Additional Table S2. The stage of change for weight loss was derived from the following
question: ‘Have you been trying to lose weight?’, with possible answer categories: (1) Precontemplation:
‘No, and I am not planning to do so in the coming 6 months’, (2) Contemplation: ‘No, but I am planning to
do so in the coming 6 months’, (3) Preparation: ‘No, but I am planning to do so in the coming month’, (4)
Action: ‘Yes, I have been trying to lose weight for less than 6 months’ and (5) Maintenance: ‘Yes, I have
already been trying to lose weight for more than 6 months’
β regression coefficient, CI confidence interval, BMI body mass index, n.a. not applicable

with their partner (n = 12), and other reasons (N = 11). In
total, 44 women (15%) had an ongoing pregnancy (> 10
weeks) during the intervention period. Current smoking,
nulliparity, stage of change towards weight loss, a higher
restrained eating behavior score, and a higher BMI of the
partner were significantly associated with completion of the
intervention program in the univariable logistic regression
analyses (Additional Table S3) and were, therefore, included
in the multivariable model (Table 5).
The multivariable logistic regression model showed that
only the stage of change towards weight loss was independently associated with the odds on completing the lifestyle
intervention (p = 0.04), with women in the preparation phase
having a higher odds of completing the intervention program, compared to women in the maintenance phase.

Discussion
In women with obesity and infertility who participated in a
6-month lifestyle intervention program, a higher score on
external eating behavior was independently associated with
successful weight loss of ≥ 5% of original body weight or
achieving a BMI ≤ 29 kg/m2. In addition, women without
a history of the previous support by a dietician lost more
weight than women who did have such a history.
External eating is associated with impulsiveness and
lower self-discipline [49, 50]. Since our intervention
included specific advice about what to do in situations that
would trigger women to eat, this may have helped external eaters more in changing their lifestyle than women with
other types of eating behaviors. Furthermore, since the
intervention specifically focused on behavior change, also
in situations that would usually be associated with unhealthy
eating (such as smelling or seeing food at display), this may
have been most helpful to external eaters (as it prepared
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Table 4  Determinants of energy intake and number of steps in 289 women randomized to the intervention group
Determinants of energy intake

β (95% CI) per 100 kcal Univariable

p

β (95% CI) per 100 kcal Multivariable

p

Self-efficacy
Extremely unlikely
Unlikely
Do not know/neutral
Likely
Extremely likely
Age of partner (years)

n.a.
[ref]
− 3.31 (− 7.48 to 0.87)
− 2.75 (− 6.65 to 1.15)
− 2.41 (− 6.31 to 1.50)
− 3.75 (− 7.69 to 0.19)
0.06 (0.01–0.11)

< 0.01
[ref]
0.12
0.17
0.23
0.06
0.01

n.a.
[ref]
− 3.14 (− 7.20 to 0.92)
− 1.87 (− 5.71 to 1.96)
− 1.58 (− 5.42 to 2.26)
− 2.89 (− 6.76 to 0.98)
0.08 (0.03–0.13)

< 0.01
[ref]
0.13
0.34
0.42
0.14
< 0.01

Determinants of number of steps

β (95% CI) per 1000 steps
Univariable

p

β (95% CI) per 1000 steps
Multivariable

p

Stage of change: physical activity
Precontemplation
Contemplation
Preparation
Action
Maintenance
Insulin resistance
Metabolic syndrome

n.a.
− 0.18 (− 2.37 to 2.00)
− 0.35 (− 1.45 to 0.76)
0.03 (− 1.04 to 1.11)
1.23 (0.09–2.37)
[ref]
0.19 (0.02–0.37)
1.05 (0.32–1.78)

0.04
0.87
0.53
0.95
0.04
[ref]
0.03
< 0.01

n.a.
− 0.97 (− 3.13 to 1.20)
− 0.62 (− 1.68 to 0.44)
0.03 (− 1.02 to 1.08)
0.99 (− 0.11 to 2.09)
[ref]
0.12 (− 0.04 to 0.28)
0.56 (− 0.16 to 1.28)

0.03
0.38
0.25
0.95
0.08
[ref]
0.15
0.13

Bold value indicates a statistically significant difference with a p-value less than 0.05
Results of uni- and multivariable mixed-effect regressions models on determinants of energy intake and the number of steps. With correction
for baseline energy intake or steps and including random intercept. Mixed-effect regression analysis was performed to identify determinants
of lifestyle change on the repeated measurements of the continuous outcomes on energy intake and number of steps. All determinants with a
p value < 0.05 were entered in the multivariable model. Energy intake estimates and step measurements of women with an ongoing pregnancy
were censored from the conception date onwards. The results of the mixed-effect regression models are reported as regression coefficients (β)
and the corresponding 95% CI and indicate mean change throughout the intervention period. A negative number indicates a decrease in the
intake of kcal/steps; a positive number indicates an increase the intake of kcal/steps. Full univariable mixed-effect regression results are provided
in Additional Table S2. Self-efficacy: using the single self-administered question ‘I think I’ll manage to reach my weight goal, when I’m trying
to lose weight’ was scored on a five-point Likert scale ranging from ‘extremely unlikely’ to ‘extremely likely’. The stage of change for physical
activity was derived from the answer categories ranging from: (1) precontemplation: ‘At the moment I am not physically active on a regular basis
and I do not intend to start in the near future’ (2) contemplation: ‘At the moment I am not physically active on a regular basis, but I intend on
becoming so in the near future’, (3) preparation: ‘During the past few months I occasionally engaged in exercise or sports’, (4) action: ‘During
the last 6 months I engaged in exercise or sports at least 5 days a week for at least 30 min’, and (5) maintenance: ‘During the past year, I engaged
in an intense workout at least three times a week’
n.a. not applicable, β regression coefficient, CI confidence interval

them for difficult situations) and less so for other types of
women such as emotional eaters. In our study, we did not
find an association between emotional eating and weight
loss success.
Women who had the previous support from a dietician
lost less weight during the intervention, compared to women
without prior support. It is possible that some women in our
study represent a selection of women failed to lose weight
after having been counseled previously about healthy lifestyle options. They could, therefore, be less susceptible to
a repetition of the support offered during our lifestyle intervention program. Possibly, these women may have other
underlying causes for their obesity, such as low self-esteem,
lack of motivation or the previous trauma and, therefore,
need different types of support [51, 52]. The finding that
the previous counseling by a dietician has negative effects
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on weight loss is in line with the existing literature, showing
that fewer previous weight loss attempts and less previous
dieting are predictors of successful weight loss [24].
Many trials and observational cohorts have reported that
a higher baseline BMI is associated with greater (initial)
weight loss or weight loss maintenance over time [53–55].
However, reviews of BMI trajectories of weight loss [56]
and BMI classes [57] reported no associations between those
with an initial loss trajectory or higher BMI classes and
weight loss outcomes. This is in line with our findings that
baseline BMI was not an independent predictor of weight
loss success.
Women with older partners increased their energy intake
more than women with younger partners; however, the effect
size was small, 8 kcal increase in energy intake for every
year increase in age of the partner. It is difficult to place

European Journal of Nutrition
Table 5  Determinants of
completion of the lifestyle
intervention program in 289
women randomized to the
intervention group

Determinants

OR (95% CI) univariable

p

OR (95% CI) multivariable

p

Current smoker
Nulliparous
Stage of change: weight loss
Precontemplation
Contemplation
Preparation
Action
Maintenance
Restrained eating (DEBQ)
BMI of partner

0.55 (0.30–0.99)
2.02 (1.03–3.93)
n.a
n.a.
n.a.
0.43 (0.19–1.00)
1.93 (0.90–4.15)
[ref]
1.07 (1.02–1.12)
1.07 (1.00–1.14)

0.047
0.04
0.01
n.a.
n.a.
0.049
0.09
[ref]
0.01
0.04

1.70 (0.76–3.76)
1.07 (0.99–1.16)
n.a.
n.a.
n.a.
0.40 (0.15–1.09)
1.78 (0.74–4.26)
[ref]
1.05 (0.98–1.12)
1.07 (0.99–1.16)

0.19
0.08
0.04
n.a.
n.a.
0.07
0.20
[ref]
0.14
0.08

Bold value indicates a statistically significant difference with a p-value less than 0.05
Results of uni- and multivariable logistic regression analyses on determinants of completion. To identify
independent determinants of lifestyle change or completion of the intervention program, all determinants
with a p value < 0.05 were entered in the multivariable binary logistic regression model. Full univariable
logistic regression results are provided in Additional Table S3. ORs indicate odds for completion of the
lifestyle intervention program as defined by not missing ≥ 2 consecutive sessions given that the determinant
is present
DEBQ Dutch Eating Behavior Questionnaire, BMI body mass index, n.a. not applicable, CI confidence
interval

this finding into context, although it is known that obesity,
dietary, and general health behaviors tend to cluster between
spouses and within families [58, 59]. The magnitude of
spousal concordance may differ per age group, since couples
are usually close in age. In the literature, the proportion of
both spouses reporting physical inactivity was highest in the
oldest age group [60]. We, however, found no literature on
the correlation of (dietary) habits in couples of whom one
of the spouses was older.
Women with a higher level of self-efficacy had decreased
energy intake relative to women with the lowest self-efficacy
level. This finding is in agreement with literature, suggesting that high self-regulation skills and high self-efficacy are
associated with a reduction in energy intake and increased
physical activity [22].
Increased stage of change towards physical activity was
significantly associated with increased daily number of
steps. Women in the action phase of stage of change towards
physical activity were more likely to increase their number of steps compared to women in the maintenance phase.
Furthermore, stage of change towards weight loss also
increased the odds of completing the lifestyle intervention.
These results are in line with a review in which motivational
readiness was found to be positively associated with physical activity [22]. Thus, it is important to assess the stage of
change and incorporate motivational counseling in consultations with health care providers and lifestyle interventions
[61]. Surprisingly, women in the action phase of stage of
change for physical activity were more likely to increase
their number of steps compared to women in the maintenance phase. The formulations for action and maintenance

phase of the stage of change towards physical activity used
in our study differed in the mentioned frequency and intensity, which might explain this unexpected finding.
A major strength of our study is that it is the first study
evaluating the determinants of lifestyle change among
women with obesity and infertility. The participants were
of reproductive age and were, except for their obesity, generally in good health. The previous studies mainly focused on
older obese patients with obesity-related comorbidities, such
as hypertension or diabetes [62–64] and, therefore, our study
fills a gap in literature. Another strength is the prospective
design. All determinants were collected at baseline, at the
start of the trial. Furthermore, using data of the intervention arm of an RCT, the possibility of allocation bias, often
found in observational studies of lifestyle interventions, was
eliminated. We used a robust statistical method, mixed-effect
regression models, to analyze the continuous longitudinal
outcomes. This method takes the within person dependence
of the data into account and does not rely on complete-case
data, so we were able to use all available data points.
Limitations of our study should be noted. Although we
used several validated questionnaires, some of the determinants which we investigated originated from single-item
questions. Therefore, some constructs that were investigated
in our study, such as self-efficacy, may have limited validity.
Furthermore, our RCT was not set up for analyses of determinants of lifestyle change within the intervention group
and, therefore, type II errors might have occurred. We measured energy intake with a web-based food diary (‘Eetmeter’).
This food diary was used for feasibility reasons, because it
is online available throughout the Netherlands, but has not
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been not validated for research purposes. Furthermore, it
is known that self-reported energy intake is subject to bias
in general and even more in obese women who are known
to under-report their intake of unhealthy foods [65, 66].
Due to these shortcomings, the ‘Eetmeter’ may, therefore,
not have been able to completely identify determinants of
energy intake. We did not find any consistent determinants
across the domains assessed. This could be a reflection of
the exploratory nature of the study. Our results are, however,
in line with a comprehensive review of Teixeira et al. [22],
where no consistent mediators for dietary intake in the long
term (> 12 months) were found.
In our study, the determinants self-efficacy and body
satisfaction were derived from non-validated single-item
statements. In spite of this, self-efficacy predicted successful lifestyle change: higher self-efficacy was associated with
a lower energy intake. However, a single-item question could
be as predictive as a validated 20-item scale [67]. Thus, the
use of a single-item statement may, therefore, be sufficient
to show an association with lifestyle success.
A large body of evidence exists on the association
between lower socioeconomic status, lower education level,
and an increased risk of becoming overweight and obese
[68–71]. In our study population, neither low educational
level nor low socioeconomic status was identified as a determinant of lifestyle change. This suggests that the lifestyle
intervention program is equally effective for women of lower
and higher socioeconomic status.

Conclusions
The determinants of lifestyle change and completion of the
intervention in women with obesity and infertility were:
higher external eating behavior, not having received the previous dietetic support, a higher self-efficacy level, higher age
of the partner, and a high stage of change.
Knowledge of the determinants of success within lifestyle interventions is important, since this knowledge can
help to identify people at risk of suboptimal results and can
help to develop new interventions for women who require
alternative support. Intervention programs should be tailored
towards women with different types of eating behaviors,
self-efficacy levels, stages of change, and whether women
received the previous help from a dietician. Our type of
intervention was suitable for women with external eating
behavior. Women who experienced emotional eating may
benefit from in-depth psychological help during the intervention program. Stages of change can be used as a proxy to
whether women are ready for behavior change. Interventions
should, therefore, be targeted towards women with higher
stages of change or enhance the stage of change prior to the
intervention.

13

Acknowledgements We would like to thank the women who participated in this study. We thank all participating hospitals and their
staff for their contribution to this study, and the LIFEstyle coaches
and research nurses, research midwives, and office members of the
Dutch Consortium 2.0 (http://www.studies-obsgyn.nl) for their hard
work and dedication. We would like to acknowledge Mrs. A. Bolster
(University Medical Center Groningen) as senior trainer of the intervention coaches.
Group authorship of The LIFEstyle study group: in addition to the
listed authors, J. M. Burggraaff (Scheper Ziekenhuis, Emmen), W. K.
H. Kuchenbecker (Isala, Zwolle), D. A. M. Perquin (Medisch Centrum Leeuwarden, Leeuwarden), C. A. M. Koks (Maxima Medisch
Centrum, Veldhoven), R. van Golde (Maastricht Universitair Medisch
Centrum, Maastricht), E. M. Kaaijk (OLVG, Amsterdam), J.M. Schierbeek (Deventer Ziekenhuis, Deventer), G. J. E. Oosterhuis (St. Antonius Ziekenhuis, Nieuwegein), F. J. Broekmans (Universitair Medisch
Centrum Utrecht, Utrecht), N. E. A. Vogel (Martini Ziekenhuis, Groningen), C. B. Lambalk (VU medisch centrum, Amsterdam), F. van
der Veen (Academisch Medisch Centrum, Amsterdam), N. F. Klijn
(Leiden Universitair Medisch Centrum, Leiden), P. E. A. M. Mercelina
(Atrium Medisch Centrum, Heerlen) , Y. M. van Kasteren (Noordwest
Ziekenhuisgroep, Alkmaar), A. W. Nap (Rijnstate Ziekenhuis, Arnhem), R. J. A. B. Mulder (Laurentius Ziekenhuis, Roermond), E. T. C.
M. Gondrie (Zuyderland Medisch Centrum, Sittard), and J. P. de Bruin
(Jeroen Bosch Ziekenhuis, Den Bosch) are members of the LIFEstyle
study group and collaborated on this study.
Author contributions HG, BWM, and AH designed the trial; MM and
AvO conducted the trial; MK and AvO analyzed the data; MK, AvO,
HG, AG, MvP, CvdB, RP, TR, and AH interpreted the results; MK
and AvO wrote the paper; TR and AH had primary responsibility for
final content. All authors revised and approved the final manuscript.
Funding The LIFEstyle study was supported by a grant from ZonMw
(Prevention program—Health Care Efficiency Research; Project number 50-50110-96-518). This work was funded by the Dutch Heart
Foundation (2013T085) and the European Commission (Horizon2020
project 633595 DynaHealth). Neither ZonMw nor the Dutch Heart
Foundation nor the European Commission had a role in data collection,
analysis, interpretation of data, or writing the report.

Compliance with ethical standards
Informed consent The study protocol was approved by the medical
ethics committee (MEC; 2008.284) of the University Medical Center
Groningen and the board of directors of each of the 23 participating
centers. The trial was registered at the Dutch trial registry (NTR 1530).
All participants gave written informed consent.
Conflict of interest The department of obstetrics and gynecology of
the UMCG received an unrestricted educational grant from Ferring
pharmaceuticals BV, The Netherlands. AvO declares a reimbursement for travel expenses from Ferring BV, outside the submitted work.
BWJM is a consultant for ObsEva, Geneva. AH received grants from
MSD, pharmaceutical company, grants from Ferring BV, pharmaceutical company, outside the submitted work. The remaining authors have
nothing to disclose.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

European Journal of Nutrition

References
1. Ackermann RT, Sandy LG, Beauregard T, Coblitz M, Norton KL,
Vojta D (2014) A randomized comparative effectiveness trial of
using cable television to deliver diabetes prevention programming.
Obesity (Silver Spring) 22(7):1601–1607. https: //doi.org/10.1002/
oby.20762
2. James WP (2008) The epidemiology of obesity: the size of the
problem. J Intern Med 263(4):336–352. https://doi.org/10.111
1/j.1365-2796.2008.01922.x
3. Aune D, Navarro Rosenblatt DA, Chan DS, Vingeliene S, Abar L,
Vieira AR, Greenwood DC, Bandera EV, Norat T (2015) Anthropometric factors and endometrial cancer risk: a systematic review
and dose-response meta-analysis of prospective studies. Ann
Oncol 26(8):1635–1648. https://doi.org/10.1093/annonc/mdv142
4. Huxley R, Mendis S, Zheleznyakov E, Reddy S, Chan J (2010)
Body mass index, waist circumference and waist:hip ratio as predictors of cardiovascular risk—a review of the literature. Eur J
Clin Nutr 64(1):16–22. https://doi.org/10.1038/ejcn.2009.68
5. Ahluwalia IB, Morrow B, D’Angelo D, Li R (2012) Maternity
care practices and breastfeeding experiences of women in different
racial and ethnic groups: pregnancy risk assessment and monitoring system (PRAMS). Matern Child Health J 16(8):1672–1678.
https://doi.org/10.1007/s10995-011-0871-0
6. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden
CL (2016) Trends in obesity among adults in the United States,
2005 to 2014. JAMA 315(21):2284–2291. https: //doi.org/10.1001/
jama.2016.6458
7. van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes
PG, Burggraaff JM, Oosterhuis GJ, Bossuyt PM, van der Veen F,
Mol BW (2008) Obesity affects spontaneous pregnancy chances
in subfertile, ovulatory women. Hum Reprod (Oxford England)
23(2):324–328. https://doi.org/10.1093/humrep/dem371
8. Ovesen P, Rasmussen S, Kesmodel U (2011) Effect of prepregnancy maternal overweight and obesity on pregnancy outcome.
Obstetr Gynecol 118(2 Pt 1):305–312. https://doi.org/10.1097/
AOG.0b013e3182245d49
9. Usha Kiran TS, Hemmadi S, Bethel J, Evans J (2005) Outcome of
pregnancy in a woman with an increased body mass index. BJOG
112(6):768–772. https: //doi.org/10.1111/j.1471-0528.2004.00546
.x
10. Catalano PM, Shankar K (2017) Obesity and pregnancy: mechanisms of short term and long term adverse consequences for
mother and child. BMJ 356:j1. https://doi.org/10.1136/bmj.j1
11. National Institutes of Health (1998) Clinical guidelines on the
identification, evaluation, and treatment of overweight and obesity
in adults. The evidence report. Obes Res 6(Suppl 2):51s–209s
12. Stegenga H, Haines A, Jones K, Wilding J (2014) Identification,
assessment, and management of overweight and obesity: summary of updated NICE guidance. BMJ 349:g6608. https://doi.
org/10.1136/bmj.g6608
13. Rossner S, Hammarstrand M, Hemmingsson E, Neovius M,
Johansson K (2008) Long-term weight loss and weight-loss
maintenance strategies. Obes Rev 9(6):624–630. https://doi.
org/10.1111/j.1467-789X.2008.00516.x
14. van Sluijs EM, van Poppel MN, van Mechelen W (2004) Stagebased lifestyle interventions in primary care: are they effective?
Am J Prev Med 26(4):330–343. https://doi.org/10.1016/j.amepr
e.2003.12.010
15. Wing RR, Hill JO (2001) Successful weight loss maintenance.
Annu Rev Nutr 21:323–341. https  : //doi.org/10.1146/annur
ev.nutr.21.1.323
16. Mutsaerts MA, Kuchenbecker WK, Mol BW, Land JA, Hoek A
(2013) Dropout is a problem in lifestyle intervention programs for

17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

overweight and obese infertile women: a systematic review. Hum
Reprod 28(4):979–986. https://doi.org/10.1093/humrep/det026
Mutsaerts MA, van Oers AM, Groen H, Burggraaff JM, Kuchenbecker WK, Perquin DA, Koks CA, van Golde R, Kaaijk EM,
Schierbeek JM, Oosterhuis GJ, Broekmans FJ, Bemelmans WJ,
Lambalk CB, Verberg MF, van der Veen F, Klijn NF, Mercelina
PE, van Kasteren YM, Nap AW, Brinkhuis EA, Vogel NE, Mulder
RJ, Gondrie ET, de Bruin JP, Sikkema JM, de Greef MH, ter
Bogt NC, Land JA, Mol BW, Hoek A (2016) Randomized trial
of a lifestyle program in obese infertile women. N Engl J Med
374(20):1942–1953. https://doi.org/10.1056/NEJMoa1505297
Altfeld S, Handler A, Burton D, Berman L (1997) Wantedness
of pregnancy and prenatal health behaviors. Women Health
26(4):29–43
Hotham E, Ali R, White J, Robinson J (2008) Pregnancy-related
changes in tobacco, alcohol and cannabis use reported by antenatal patients at two public hospitals in South Australia. Austral N
Zeal J Obstetr Gynaecol 48(3):248–254. https://doi.org/10.1111/
j.1479-828X.2008.00827.x
Pirie PL, Lando H, Curry SJ, McBride CM, Grothaus LC (2000)
Tobacco, alcohol, and caffeine use and cessation in early pregnancy. Am J Prev Med 18(1):54–61
Jelsma JG, van Leeuwen KM, Oostdam N, Bunn C, Simmons
D, Desoye G, Corcoy R, Adelantado JM, Kautzky-Willer A,
Harreiter J, van Assche FA, Devlieger R, Timmerman D, Hill
D, Damm P, Mathiesen ER, Wender-Ozegowska E, Zawiejska
A, Rebollo P, Lapolla A, Dalfra MG, Del Prato S, Bertolotto A,
Dunne F, Jensen DM, Andersen LL, Snoek FJ, van Poppel MN
(2016) Beliefs, barriers, and preferences of European overweight
women to adopt a healthier lifestyle in pregnancy to minimize risk
of developing gestational diabetes mellitus: an explorative study.
J Preg 2016:3435791. https://doi.org/10.1155/2016/3435791
Teixeira PJ, Carraca EV, Marques MM, Rutter H, Oppert JM,
De Bourdeaudhuij I, Lakerveld J, Brug J (2015) Successful
behavior change in obesity interventions in adults: a systematic
review of self-regulation mediators. BMC Med 13:84. https://doi.
org/10.1186/s12916-015-0323-6
Faruqi N, Spooner C, Joshi C, Lloyd J, Dennis S, Stocks N, Taggart J, Harris MF (2015) Primary health care-level interventions
targeting health literacy and their effect on weight loss: a systematic review. BMC Obes 2:6. https://doi.org/10.1186/s4060
8-015-0035-7
Teixeira PJ, Going SB, Sardinha LB, Lohman TG (2005) A review
of psychosocial pre-treatment predictors of weight control. Obes
Rev 6(1):43–65. https: //doi.org/10.1111/j.1467-789X.2005.00166
.x
Govil SR, Weidner G, Merritt-Worden T, Ornish D (2009) Socioeconomic status and improvements in lifestyle, coronary risk factors, and quality of life: the Multisite Cardiac Lifestyle Intervention Program. Am J Public Health 99(7):1263–1270. https://doi.
org/10.2105/ajph.2007.132852
Mutsaerts MA, Groen H, ter Bogt NC, Bolster JH, Land JA,
Bemelmans WJ, Kuchenbecker WK, Hompes PG, Macklon NS,
Stolk RP, van der Veen F, Maas JW, Klijn NF, Kaaijk EM, Oosterhuis GJ, Bouckaert PX, Schierbeek JM, van Kasteren YM, Nap
AW, Broekmans FJ, Brinkhuis EA, Koks CA, Burggraaff JM,
Blankhart AS, Perquin DA, Gerards MH, Mulder RJ, Gondrie ET,
Mol BW, Hoek A (2010) The LIFESTYLE study: costs and effects
of a structured lifestyle program in overweight and obese subfertile women to reduce the need for fertility treatment and improve
reproductive outcome. A randomised controlled trial. BMC Womens Health 10:22. https://doi.org/10.1186/1472-6874-10-22
Dhont M (2005) WHO-classification of anovulation: background,
evidence and problems. Int Congr Ser 1279:3–9. https://doi.
org/10.1016/j.ics.2004.12.028

13

European Journal of Nutrition
28. Abbasi B, Kimiagar M, Sadeghniiat K, Shirazi MM, Hedayati M,
Rashidkhani B (2012) The effect of magnesium supplementation
on primary insomnia in elderly: a double-blind placebo-controlled
clinical trial. J Res Med Sci 17(12):1161–1169
29. Seidell JC, de Beer JJ, Kuijpers T (2008) Guideline Diagnosis and
treatment of obesity in adults and children. Nederlands tijdschrift
voor geneeskunde 152(38):2071–2076
30. Zelissen PM, Mathus-Vliegen EM (2004) Treatment of overweight
and obesity in adults: proposal for a guideline. Nederlands tijdschrift voor geneeskunde 148(42):2060–2066
31. Abdel-Megeid FY, Abdelkarem HM, El-Fetouh AM (2011)
Unhealthy nutritional habits in university students are a risk factor for cardiovascular diseases. Saudi Med J 32(6):621–627
32. RIVM National Institute for Public Health and the Environment. Dutch Food Composition Database [Internet]. 2016. http://
www.rivm.nl/en/Topics/D/Dutch_Food_Composition_Database.
Accessed 2 Dec 2017
33. Ackermann RT, Finch EA, Brizendine E, Zhou H, Marrero DG
(2008) Translating the diabetes prevention program into the community. The DEPLOY pilot study. Am J Prev Med 35(4):357–363.
https://doi.org/10.1016/j.amepre.2008.06.035
34. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC (1985) Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 28(7):412–419
35. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,
Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr,
Spertus JA, Costa F (2005) Diagnosis and management of the
metabolic syndrome: an American Heart Association/National
Heart, Lung, and Blood Institute Scientific Statement. Circulation 112(17):2735–2752. https://doi.org/10.1161/circulatio
naha.105.169404
36. Aaronson NK, Muller M, Cohen PD, Essink-Bot ML, Fekkes M,
Sanderman R, Sprangers MA, te Velde A, Verrips E (1998) Translation, validation, and norming of the Dutch language version
of the SF-36 Health Survey in community and chronic disease
populations. J Clin Epidemiol 51(11):1055–1068
37. McHorney CA, Ware JE Jr, Raczek AE (1993) The MOS 36-Item
Short-Form Health Survey (SF-36): II. Psychometric and clinical
tests of validity in measuring physical and mental health constructs. Med Care 31(3):247–263
38. Prochaska JO, Velicer WF (1997) The transtheoretical model of
health behavior change. AJHP 12(1):38–48
39. Laforge RG, Velicer WF, Richmond RL, Owen N (1999) Stage
distributions for five health behaviors in the United States and
Australia. Prev Med 28(1):61–74. https  : //doi.org/10.1006/
pmed.1998.0384
40. HH A, DE A, Symons DD (2003) Examination of the validity
of a stages of exercise change algorithm. J Appl Soc Psychol
33(6):1179–1189. https: //doi.org/10.1111/j.1559-1816.2003.tb019
44.x doi
41. Reed GR, Velicer WF, Prochaska JO, Rossi JS, Marcus BH
(1997) What makes a good staging algorithm: examples from
regular exercise. Am J Health Promot 12(1):57–66. https://doi.
org/10.4278/0890-1171-12.1.57
42. van Strien T, Frijters JER, Bergers GPA, Defares PB (1986) The
Dutch Eating Behavior Questionnaire (DEBQ) for assessment
of restrained, emotional, and external eating behavior. Int J Eat
Disord 5(2):295–315. https://doi.org/10.1002/1098-108X(19860
2)5:2%3C295::AID-EAT2260050209%3E3.0.CO;2-T
43. Aalbers T, Baars MA, Qin L, de Lange A, Kessels RP, Olde Rikkert MG (2015) Using an eHealth intervention to stimulate health
behavior for the prevention of cognitive decline in dutch adults:
a study protocol for the brain aging monitor. JMIR Res Protoc
4(4):e130. https://doi.org/10.2196/resprot.4468

13

44. van den Brink CLOM, Houben AW, van Nierop P, Droomers M
(2005) Validation of a Community Health Services food consumption questionnaire in the Netherlands. RIVM National Institute for
Public Health and the Environment, Bilthoven
45. Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D (2003)
Reproducibility and relative validity of the short questionnaire
to assess health-enhancing physical activity. J Clin Epidemiol
56(12):1163–1169
46. Ainsworth BE, Haskell WL, Leon AS, Jacobs DR, Montoye HJ,
Sallis JF, Paffenbarger RS (1993) Compendium of physical activities: classification of energy costs of human physical activities.
Med Sci Sports Exerc 25(1):71–80
47. Kemper HCG, Ooijendijk WTM, Stiggelbout M (2000) Consensus
over de Nederlandse norm voor gezond bewegen. Tijdschrift voor
gezondheidswetenschappen 78(3):180–183
48. Rothman KJ (1990) No adjustments are needed for multiple comparisons. Epidemiology 1(1):43–46
49. Elfhag K, Morey LC (2008) Personality traits and eating behavior
in the obese: poor self-control in emotional and external eating but
personality assets in restrained eating. Eat Behav 9(3):285–293.
https://doi.org/10.1016/j.eatbeh.2007.10.003
50. Burton P, Smit HJ, Lightowler HJ (2007) The influence of
restrained and external eating patterns on overeating. Appetite
49(1):191–197. https://doi.org/10.1016/j.appet.2007.01.007
51. Sikorski C, Luppa M, Luck T, Riedel-Heller SG (2015) Weight
stigma “gets under the skin”—evidence for an adapted psychological mediation framework: a systematic review. Obesity (Silver
Spring Md) 23(2):266–276. https://doi.org/10.1002/oby.20952
52. Wang Y, Wu B, Yang H, Song X (2015) The effect of childhood abuse on the risk of adult obesity. Ann Clin Psychiatry
27(3):175–184
53. Bachar A, Livshits G, Birk R (2018) Predictors of weight
reduction and maintenance in a large cohort of overweight and
obese adults in a community setting. Nutr Diet. https: //doi.
org/10.1111/1747-0080.12419
54. Unick JL, Neiberg RH, Hogan PE, Cheskin LJ, Dutton GR,
Jeffery R, Nelson JA, Pi-Sunyer X, West DS, Wing RR (2015)
Weight change in the first 2 months of a lifestyle intervention
predicts weight changes 8 years later. Obesity (Silver Spring)
23(7):1353–1356. https://doi.org/10.1002/oby.21112
55. Greenberg I, Stampfer MJ, Schwarzfuchs D, Shai I (2009)
Adherence and success in long-term weight loss diets: the dietary intervention randomized controlled trial (DIRECT). J Am
Coll Nutr 28(2):159–168
56. Batterham M, Tapsell LC, Charlton KE (2016) Baseline characteristics associated with different BMI trajectories in weight
loss trials: a case for better targeting of interventions. Eur J Clin
Nutr 70(2):207–211. https://doi.org/10.1038/ejcn.2015.45
57. Barte JC, Veldwijk J, Teixeira PJ, Sacks FM, Bemelmans WJ
(2014) Differences in weight loss across different BMI classes: a
meta-analysis of the effects of interventions with diet and exercise. Int J Behav Med 21(5):784–793. https://doi.org/10.1007/
s12529-013-9355-5
58. Di Castelnuovo A, Quacquaruccio G, Donati MB, de Gaetano
G, Iacoviello L (2009) Spousal concordance for major coronary
risk factors: a systematic review and meta-analysis. Am J Epidemiol 169(1):1–8. https://doi.org/10.1093/aje/kwn234
59. Jackson SE, Steptoe A, Wardle J (2015) The influence of partner’s behavior on health behavior change: the English Longitudinal Study of Ageing. JAMA Intern Med 175(3):385–392.
https://doi.org/10.1001/jamainternmed.2014.7554
60. Jeong S, Cho SI (2018) Concordance in the health behaviors of couples by age: a cross-sectional study. J Prev Med
Public Health Yebang Uihakhoe chi 51(1):6–14. https: //doi.
org/10.3961/jpmph.17.137

European Journal of Nutrition
61. Stonerock GL, Blumenthal JA (2017) Role of counseling to
promote adherence in healthy lifestyle medicine: strategies to
improve exercise adherence and enhance physical activity. Progress Cardiovasc Dis 59(5):455–462. https://doi.org/10.1016/j.
pcad.2016.09.003
62. Delahanty LM, Peyrot M, Shrader PJ, Williamson DA, Meigs
JB, Nathan DM (2013) Pretreatment, psychological, and behavioral predictors of weight outcomes among lifestyle intervention
participants in the Diabetes Prevention Program (DPP). Diabetes Care 36(1):34–40. https://doi.org/10.2337/dc12-0733
63. Delahanty LM, Conroy MB, Nathan DM (2006) Psychological predictors of physical activity in the diabetes prevention program. J Am Diet Assoc 106(5):698–705. https://doi.
org/10.1016/j.jada.2006.02.011
64. Fitzpatrick SL, Bandeen-Roche K, Stevens VJ, Coughlin JW,
Rubin RR, Brantley PJ, Funk KL, Svetkey LP, Jerome GJ,
Dalcin A, Charleston J, Appel LJ (2014) Examining behavioral processes through which lifestyle interventions promote
weight loss: results from PREMIER. Obesity (Silver Spring)
22(4):1002–1007. https://doi.org/10.1002/oby.20636
65. Heitmann BL, Lissner L (1995) Dietary underreporting
by obese individuals—is it specific or non-specific? BMJ
311(7011):986–989

66. Scagliusi FB, Ferriolli E, Pfrimer K, Laureano C, Cunha CS,
Gualano B, Lourenco BH, Lancha AH Jr (2009) Characteristics
of women who frequently under report their energy intake: a
doubly labelled water study. Eur J Clin Nutr 63(10):1192–1199.
https://doi.org/10.1038/ejcn.2009.54
67. Hoeppner BB, Kelly JF, Urbanoski KA, Slaymaker V (2011)
Comparative utility of a single-item versus multiple-item measure of self-efficacy in predicting relapse among young adults.
J Subst Abuse Treat 41(3):305–312. https://doi.org/10.1016/j.
jsat.2011.04.005
68. Sobal J, Stunkard AJ (1989) Socioeconomic status and obesity: a
review of the literature. Psychol Bull 105(2):260–275
69. McLaren L (2007) Socioeconomic status and obesity. Epidemiol
Rev 29:29–48. https://doi.org/10.1093/epirev/mxm001
70. Ball K, Crawford D (2005) Socioeconomic status and weight
change in adults: a review. Soc Sci Med (1982) 60(9):1987–2010.
https://doi.org/10.1016/j.socscimed.2004.08.056
71. Cohen AK, Rai M, Rehkopf DH, Abrams B (2013) Educational attainment and obesity: a systematic review. Obes Rev
14(12):989–1005. https://doi.org/10.1111/obr.12062

Affiliations
Matty D. A. Karsten1,2,3 · Anne M. van Oers1,4 · Henk Groen5 · Meike A. Q. Mutsaerts1 · Mireille N. M. van Poppel6,7 ·
Anouk Geelen8 · Cornelieke van de Beek2 · Rebecca C. Painter2 · Ben W. J. Mol2,9 · Tessa J. Roseboom2,3 ·
Annemieke Hoek1 · the LIFEstyle study group
1

Department of Obstetrics and Gynecology, University
Medical Center Groningen, University of Groningen,
Hanzeplein 1, 9713 GZ Groningen, The Netherlands

2

Department of Obstetrics and Gynecology, Amsterdam
UMC, University of Amsterdam, Meibergdreef 9,
1105 AZ Amsterdam, The Netherlands

3

Department of Clinical Epidemiology, Biostatistics
and Bioinformatics, Amsterdam UMC, University
of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam,
The Netherlands

4

Department of Obstetrics and Gynecology, Medisch
Spectrum Twente, Koningsplein 1, 7512 KZ Enschede,
The Netherlands

5

Department of Epidemiology, University Medical Center
Groningen, University of Groningen, Hanzeplein 1,
9713 GZ Groningen, The Netherlands

6

Department of Public and Occupational Health, Amsterdam
Public Health Research Institute, Amsterdam UMC,
VU University Amsterdam, Van der Boechorststraat 7,
1081 BT Amsterdam, The Netherlands

7

Institute of Sport Science, University of Graz, Mozartgasse
14, 8010 Graz, Austria

8

Division of Human Nutrition, Wageningen University
and Research, Stippeneng 4, 6708 WE Wageningen,
The Netherlands

9

Department of Obstetrics and Gynecology, School
of Medicine, Monash University, Clayton Road, Melbourne,
Australia

13

