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Bundled behavioural strategies for long-term weight
maintenance in Chinese patients with overweight or
obesity
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Background and Objectives: Behavioural strategies can promote adherence to intensive lifestyle treatments for
obesity. This study aimed to explore effective behavioural strategies for weight maintenance in Chinese patients
with overweight or obesity. Methods and Study Design: Retrospective analysis of weight maintenance data was
conducted. Patients with overweight or obesity, who had received a 3-month weight loss and behavioural inter-
vention, were asked to complete questionnaires to monitor compliance with behavioural strategies after the
weight loss. They continued to follow a daily calorie restriction for 12 months to maintain their weight. The pri-
mary outcome was to evaluate the association between a total weight loss (TWL) of more than 5% and compli-
ance with behavioural strategies during the 6-month weight maintenance phase. Results: A total of 131 patients
completed the questionnaire. The top three easy-to-perform behaviours were eating vegetables and protein first
and carbohydrates later, self-weighing each day and having regular eating times. Of 131 patients, 61 (46.5%) and
42 (32.1%) were followed up for 6 months and 12 months respectively. Reducing high-fat food intake (p = 0.002)
and eating an average frequency of 5 times a day (p = 0.034) were associated with a TWL of more than 5% dur-
ing 6 months weight maintenance. Reducing high-fat food intake was associated with a TWL of more than 5%
during 12 months weight maintenance (p = 0.029). Conclusions: Chinese patients with overweight or obesity
who experienced a TWL of more than 5% were more likely to reduce high-fat food intake during long-term

weight maintenance.
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INTRODUCTION

Globally, the incidence of obesity has risen significantly,
and China ranks first for both men and women with obe-
sity worldwide.! Common treatments for obesity, such as
intensive nutrition and lifestyle interventions, pharma-
cotherapy and bariatric surgery, are recommended, and
intensive nutrition and lifestyle strategies are basic, effec-
tive and safe interventions.? 2 Intensive nutrition and life-
style strategies can lead to weight loss and remission of
metabolic syndrome.*® On the other hand, Weight regain
after intensive nutrition induced weight loss is a common
phenomenon and weight maintenance is a major chal-
lenge in the management of obesity.” & During intensive
nutrition and lifestyle modification, patients with obesity
with better adherence can achieve greater weight loss
maintenance.® 1° Weight loss maintenance were found to
be strongly related to adherence to an intensive nutrition
and lifestyle intervention in large-sample randomized
controlled trials with a 12-month follow-up.'** Behav-
ioural strategies for developing habits can enhance adher-
ence to intensive nutrition and lifestyle treatments.'* Sev-
eral habit-based weight loss studies, such as 10 top tips
(10TT), have shown that habit-based behavioural strate-
gies can improve the self-regulatory capacity and
the effect of weight loss maintenance in patients with

obesity.’>® Behavioural strategies were more cost-
effective without psychological adverse effects and extra
medical costs.’® ¥ However, because of the differences
between Chinese and Western dietary habits,?® these in-
tervention methods are not widely used in China, and
little work has focused on behavioural strategies for
weight loss maintenance in Chinese patients with over-
weight or obesity. Behavioural strategies that are suitable
for long-term weight loss maintenance may be more
meaningful. Therefore, we developed a retrospective
study that enrolled patients with overweight or obesity
after weight loss for 3 months and weight maintenance
for 12 months to explore which behavioural strategies are
effective and suitable for weight maintenance in Chinese
patients with overweight or obesity.
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METHODS

Patient characteristics

This was a retrospective analysis of a 12-month weight
loss maintenance data. In our previous study, a total of
131 patients with overweight or obesity received 3
months of weight loss treatment, which included behav-
ioural strategies.® The protocol for the weight loss inter-
vention had been previously reported.® After the 3-month
weight loss, they completed questionnaires monitoring
their compliance with these strategies. And they were
followed up at the clinic every month during 12-month
weight maintenance phase.

During the weight maintenance phase, they were pro-
vided approximately 70% of their total energy require-
ments and behavioural strategies for 12 months. The tar-
geted percentages of energy derived from fat, protein, and
carbohydrates were 20%, 20%, and 60%, respectively.
They received a face-to-face clinical interview monthly
for dietary adherence and adverse events such as consti-
pation and hair loss. Body mass index (BMI), fat-free
mass (FFM), fat mass (FM) and total body mass (TM)
were also measured with multi-frequency segmental bioe-
lectrical impedance analysis (BIA, H-Key 350, SEE-
HIGHER, CHINA).

Inclusion criteria: (1) 18-70 years old; (2) had a 3-
month of weight loss treatment including behavioural
strategies; (3) completed the questionnaires consciously
after the 3 months weight loss period; and (4) followed by
a daily calorie restriction for 6 months to maintain
weight. Patients were excluded if they had been lost to
follow up. The study was conducted in accordance with
the Declaration of Helsinki, approved by the Institutional
Review Board and full Institutional Review Board ap-
proval statement was obtained. All clinical investigations
were conducted according to the principles expressed in
the World Medical Association Declaration of Helsinki.
Written informed consent was obtained from all partici-
pants.

Behavioural strategies

The bundled behavioural strategies were included in
weight loss and maintenance treatment in our clinical
practice. These strategies consisted of reducing high-fat
food consumption, having regular eating times, having an
average eating frequency of 5 times a day, eating vegeta-
bles and protein first and carbohydrates later, increasing
the number of chewing cycles, self-weighing every day,
avoiding prolonged periods of sitting, and having daily
exercise training. We also developed behavioural strate-
gies questionnaires to monitor compliance with the be-
havioural program (Figure 1). All patients were asked to
complete the behavioural strategies questionnaires at the
clinic after the 3-month weight loss.

Outcomes

The primary objective was to explore effective and suita-
ble behavioural strategies for weight loss maintenance in
Chinese patients with overweight or obesity. The primary
outcome was to evaluate the association between a total
weight loss (TWL) of more than 5% and compliance with
behavioural strategies during the 6-month weight mainte-
nance phase. The secondary outcome was to evaluate the
association between a TWL of more than 5% and compli-
ance with behavioural strategies during the 12-month
weight maintenance phase. The initial weight was defined
as the weight before weight loss. The % TWL was de-
fined as the difference between the initial weight and final
weight divided by the initial weight. Weight regain after
nutrition and lifestyle interventions was defined as the
progressive regaining of weight to the initial body weight
after successful weight loss, due to a lack of consensus on
its definition. Weight loss of at least 5% can decrease
hepatic steatosis and other obesity comorbidities as stated
in clinical practice guidelines; therefore, a weight loss of
5% was used as the cut-off value in this study.?*2

Data collection

Question

Descriptions for the behavioral strategics

Yes /[ No

Do vou have regular eating times?

Do you try to reduce your intake of high-fat food?

Do vou have an average eating frequency of 5 times a day?

Do you cat vegetables and protein first and carbohydrates later?
Do you try to increase your number of chewing eycles?

Do you weigh yourself cach day?

Do you try to aveid prolonged sitting time?

Do you exercise daily?

Try to have regular time of breakfast, lunch or dinner in
everyday, including weekends and weekdays. The
variability in the timing of breakfast, lunch or dinner is
within half an hour.

Try to reduce high-fat food containing significant amounts
of saturated animal fats and trans fats, such as fried food.
broth, cream, pastry, chocolate, milk tea and so on.

The average eating frequency is defined as 5 times a day,
including breakfast, lunch, dinner and two extra meals with
fruit or yogurt at 10 AM and 4 PM.

The food order is vegetables and protein followed 15 min
later by carbohydrate,

The numbers of chewing cycles are 20-30 times

Try to measure your body weight in the morning after an 8-
hour fast using a calibrated scale.

Sedentary behavior is operationally defined as any waking
activity characterized by an energy expenditure of 1.5
metabolic equivalents (METs) or less.

Try to have daily exercise training with moderate exercise
intensity for more than 30 min, such as gymnastics,
Jjogging, table tennis, cycling, badminton, swimming,
aerobics, etc.

Figure 1. The simple survey questionnaire of bundled behavioral strategies
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The behavioural strategies questionnaires were completed
by trained dietitians through face-to-face interviews at the
clinic after the 3-month weight loss phase. All clinical
characteristics at the 6th and 12th month of weight
maintenance phase, such as age, sex, initial body weight
BMI, FFM, FM and TM, were collected from an inde-
pendent electronic database. All dietitians had several
training sessions to minimize bias. Data were abstracted
and inputted independently by 2 trained investigators
within 72 hours of the survey to ensure consistency and
integrity. Disagreements on information were resolved by
consensus or retrieving further information from the elec-
tronic database.

Statistical analysis

For the sample size calculation, the %TWL reported after
a 6-month weight maintenance phase in a randomized
clinical trial was 6%, we had calculated that sample size
(permissible error 0.06, two-sided a=0.05, p=0.1) was
about 61. The differences in compliance with behavioural
strategies between patients with or without more than 5%
weight loss were compared with the Pearson chi-square
test or Fisher’s exact test. The differences in body weight,
BMI and lean body weight between different time points
in weight maintenance phase were analysed using paired t
tests for normally distributed variables or nonparametric
tests for nonnormally distributed variables. The differ-
ences in percentage of TWL, TWL of more than 5% and
weight regain were compared by the chi-square test or
Fisher’s exact test. All statistical tests were two-sided,
and p values <0.05 were considered statistically signifi-
cant. Statistical analysis was performed using SPSS soft-
ware (Version 19, SPSS Inc., IBM, NY, USA).

RESULTS

Baseline characteristics

Data from the electronic database of patients with over-
weight or obesity receiving 12 months weight mainte-
nance from July 1st, 2018 to July 1st, 2023 were re-
viewed (Figure 2). Baseline characteristics for 131 pa-
tients are displayed in Table 1. The patients with type 1 or
2 diabetes, cardiovascular events, or cancer were exclud-
ed.5 At baseline, 131 patients lost an average of 6.8+4.3
kg after weight loss for 3 months, and the mean %TWL
was 7.8+4.4 %. A total of 75.6% of the patients lost more
than 5% of their initial body weight.

All 131 patients completed the questionnaire monitor-
ing compliance after weight loss for 3 months. A total of
67.2% (n=88) of them had reduced intake of high-fat
food, 71.0% (n=93) had regular eating times, 51.9%
(n=68) had an average eating frequency of 5 times a day
and 90.8% (n=119) ate vegetables and protein first and
carbohydrates later. A total of 45.0% (n=59) of them had
an increased number of chewing cycles, 82.4% (n=108)
weighed themselves each day, 18.3% (n=24) had tried to
avoid prolonged sitting times and 10.7% (n=14) exercised
daily. The top three easy-to-perform behaviours were
eating vegetables and protein first and carbohydrates lat-
er, self-weighing each day and having regular eating
times (Table 2).

The 6 months weight maintenance phase

Of the 131 patients with overweight or obesity originally
investigated, 61(46.5%) were followed up during 6
months weight maintenance phase. Demographic charac-
teristics were presented in Table 1. They underwent an
average of 15 (range, 5-29) clinical interviews. The mean
age was 34.2+10.6 years, and 73.8% were female.
The mean body weight was 78.1+15.9 kg, a total of 61

Weight maintenance phase

Figure 2. Study flow diagram

131 patients with overweight or
obesity receiving weight loss and
behavioural intervention and
completed a questionnaires
monitoring behavioural strategies
compliance after 3 months of
weight loss

— ¥ 70 Excluded for less than 6 months follow-up

A 4

61 Followed at 6 months of weight
maintenance phase

——— | 19 Excluded for less than 12 months follow-up

Y

42 Followed at 24 months of
weight maintenance phase
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Table 1. Patient characteristics

Characteristics Before weight loss Baseline At the 6th month of At thel2th month of weight
weight maintenance phase maintenance phase

N 131 131 61 42

Age, y, mean + SD 30.7x4.7 30.7x4.7 34.2+10.6 35.2+11.5

Sex, n (%)

Male 24 (18.3) 24 (18.3) 16 (26.2) 12 (28.6)
Female 107 (81.7) 107 (81.7) 45 (73.8) 30 (71.4)
Weight (kg) 84.8+16.4 78.0+14.8 * 78.1+15.9 * 79.8+15.3 *
BMI (kg/m?) 30.7x4.7 28.2+4.3 * 279146 * 28.7£4.9*
FFM (kg) 51.8+9.9 50.7£9.6 * 51.9+10.1* 52.449.4 *
FM/TM (%) 38.86.2 35.0+6.9 * 33.7+7.0* 34.2+8.0 *

Weight loss (kg) 6.8+4.3 7.9+7.1 6.3+9.2

Weight regain (%) 5(8.1) ** 12 (28.6) **

%TWL (%) 7.8+4.4 9.0+6.7 7.0£9.3

5% weight loss, n (%) 99 (75.6) 38 (62.3) 25 (59.5)

BMI: Body Mass Index; FM: fat mass; TM: total mass; FFM: fat free mass

* p< 0.05 vs.“Before weight loss ”

** p< 0.05 vs.“Baseline”.

Table 2. The compliance with the bundled behavioral strategies
The behavioral strategies n (%)
Having regular eating times 93 (71.0)
Reducing high-fat food 2° 88 (67.2)
Having average eating frequency of 5 times a day '8 68 (51.9)
Eating vegetables and protein first and carbohydrate later 37-3° 119 (90.8)
Increasing the number of chewing cycles 3% 36 59 (45.0)
Self-weighing each day *° 108 (82.4)
Avoiding prolonged sitting time 4° 24 (18.3)
Having daily exercise training 3 14 (10.7)

patients lost an average of 7.9+7.1 kg after weight loss for DISCUSSION

3 months and weight maintenance for 6 months. The
mean %TWL was 9.0£6.7 % and 62.3% lost more than
5% of initial body weight, while 8.1% of patients re-
gained their initial body weight.

Reducing high-fat food intake (p = 0.002), eating an
average frequency of 5 times a day (p = 0.034) were as-
sociated with a weight loss of more than 5% during the 6
months weight maintenance phase. There were no signifi-
cant differences in other behavioural strategies between
patients with or without more than 5% weight loss (Table
3).

The 12 months weight maintenance phase

Of the 131 patients, 42 (32.1%) were followed up during
the 12 months weight maintenance phase. The mean age
was 35.2+11.5 years, and 71.4% were female. The mean
body weight was 79.8+15.3 kg, a total of 42 patients lost
an average of 6.3+9.2 kg after weight loss for 3 months
and weight maintenance for 12 months. The mean %TWL
was 7.0+£9.3% and 59.5% lost more than 5% of initial
body weight, while 28.6% of patients regained their ini-
tial body weight (Table 1).

Reducing high-fat food intake (p = 0.029) was associ-
ated with a weight loss of more than 5% during the 12
months weight maintenance phase. There were no signifi-
cant differences in other behavioural strategies between
patients with or without more than 5% weight loss (Table
4).

In the current study, we demonstrated behavioural strate-
gies effective and suitable for long-term weight mainte-
nance in Chinese patients with overweight or obesity.
Eating an average frequency of 5 times a day and reduc-
ing high-fat food intake were associated with a weight
loss of more than 5% during the 6-month weight mainte-
nance phase. The patients with more than 5% weight loss
were more likely to reduce high-fat food intake during the
12-month weight maintenance.

The incidence of obesity has increased significantly
among Chinese adults, accompanied by an increase in
metabolic diseases, such as hypertension and diabetes.?*?’
Nutrition and lifestyle treatments are effective and safe
for the treatment of obesity;> ® 13 moreover, they also
have a positive effect on the remission of type 2 diabetes
in long-term follow-up.?"?% Behavioural strategies may be
beneficial for increased adherence and weight loss
maintenance.'®® Because of the differences between
Chinese and Western dietary habits,° these intervention
methods are not widely used in China. Behavioural strat-
egies that are suitable for the lifestyles of Chinese patients
may be more meaningful.

During the weight loss maintenance phase, reducing
high-fat food intake was associated with a weight loss of
more than 5%, which was consistent with previous litera-
ture.?® It was mainly because that reducing the consump-
tion of high-fat foods could effectively prevent excess
saturated fat and caloric intake.?®



312 J Kang, Y Bao, J Fu, HLiand K Yu

Table 3. The association between the behavioral interventions and 5% weight loss or more during the 6 months

weight maintenance phase

Patients with 5 % Patients with less than p
weight loss or more, 5 % weight loss,
(n=38) (n=23)
Behavioral interventions, n (%)
Having regular eating times 30(78.9) 17 (73.9) 0.756
Reducing high-fat food 34 (89.5) 12 (52.2) 0.002
Having average eating frequency of 5 times a day 26 (68.4) 9 (39.1) 0.034
Eating vegetables and protein first and carbohydrate later 35(92.1) 20 (87.0) 0.664
Increasing the number of chewing cycles 23 (60.5) 9(39.1) 0.121
Self-weighing each day 34 (89.5) 16 (69.6) 0.084
Avoiding prolonged sitting time 7 (18.4) 4 (17.4) 0.919
Having daily exercise training 7 (18.4) 2(8.7) 0.462

Table 4. The association between the behavioral interventions and 5% weight loss or more during the 12 months

weight maintenance phase

Patients with 5 % Patients with less than p
weight loss or more, 5 % weight loss,
(n=25) (n=17)
Behavioral interventions, n (%)
Having regular eating times 19 (76.0) 11 (64.7) 0.498
Reducing high-fat food 22 (88.0) 9 (52.9) 0.029
Having average eating frequency of 5 times a day 16 (64.0) 6 (35.3) 0.115
Eating vegetables and protein first and carbohydrate later 24 (96.0) 14 (82.4) 0.286
Increasing the number of chewing cycles 12 (48.0) 7 (41.2) 0.757
Self-weighing each day 21 (84.0) 12 (70.6) 0.446
Avoiding prolonged sitting time 3(12.0) 3(17.6) 0.672
Having daily exercise training 2 (8.0) 2(11.8) 0.683

Eating frequency was inversely associated with obesi-
ty. Using data from the 2009-2010 and 2011-2012 Na-
tional Health and Nutrition Examination Survey
(NHANES), Zhu Y et al.®® found that obese people with a
higher eating frequency more often ate food with lower
energy density and had a lower BMI and waist circumfer-
ence. The average eating frequency was 4.38 times a day
for women and 4.48 times a day for men. In our study, the
average eating frequency was defined as 5 times a day,
including breakfast, lunch, dinner and two extra meals
with fruit or yogurt at 10 AM and 4 PM. We found that a
frequency of 5 times a day was positively associated with
more than 5% of TWL during the 6-month weight
maintenance phase. This may be because it is recom-
mended that fruit or yogurt be included in extra meals,
and obese patients eat fewer fruits than usual. As time
passes, compliance has decreased, and eating frequency
was not associated with a weight loss of more than 5%
during the 12-month weight maintenance phase.

Other behavioural strategies, such as regular exercise
training,®* % self-weighing each day,'® *2 eating at regular
times,® 3 increasing the number of chewing cycles,®: 6
eating vegetables and protein first and carbohydrate lat-
er¥”-%¥ and avoiding prolonged sitting time*® were not as-
sociated with a weight loss of more than 5% during the
weight maintenance phase.

Regular exercise training could prevent weight gain? %
and help adults choose healthier diets.! Prolonged sitting
time may increase all-cause mortality and the risk of met-
abolic diseases, such as diabetes and coronary heart dis-
ease.”’ In this study, patients were used to a sedentary
lifestyle; only 10.7% of the patients performed daily ex-

ercises, and 18.3% of the patients had tried to avoid pro-
longed sitting times. Therefore, no association was ob-
served between these two behavioural strategies and 5%
weight loss in this study.

Regular eating times could help in the development of
healthy eating habits and prevent obesity in cross-
sectional studies.®* 3* A study involving 1106 adults from
2017-2019 found that different meal timings between
weekends and weekdays were positively associated with
BMI and that BMI increased significantly with meal tim-
ings greater than 3.5 hours. Another study found that
adults with irregular living habits tended to skip breakfast
and eat fewer fruits and vegetables; therefore, they had
lower adherence to the Mediterranean diet and a higher
BMI.3* Increasing the number of chewing cycles could
decrease appetite after meals and increase diet-induced
thermogenesis in cross-sectional studies.®® A study of
4,451 Japanese children aged 5 to 6 years showed that
eating too fast was associated with overweight (p
<0.001).3¢ Although these behavioural strategies were
effective in cross-sectional studies, they did not lead to a
weight loss of more than 5% during long-term weight
maintenance. The effectiveness has decreased over time
and the long-term impact on weight maintenance needs
further verification in prospective studies.

In our study, 94.3% of the patients with obesity were
able to eat vegetables and protein first and carbohydrates
later. Several studies have found that the adjustment of
eating order could help to control blood glucose in diabe-
tes.®” Other studies with prediabetes patients® or type 1
diabetes®® have come to similar conclusions. However,
this eating order was not related with 5% of weight loss.
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Weight loss maintenance is a major challenge in the
management of obesity and there is significant individual
variation.*! Weight regain depends on various physiologi-
cal mechanisms, including changes in resting energy ex-
penditure and metabolic adaptation,*> hormonal adapta-
tions,* variations in cellular stress and inflammatory re-
sponses,** expression of stress-related genes* and so on.
The behavioural strategies have intended to promote ad-
herence to weight loss and many people choose not to
take it up during long term follow-up.*® 6 The eating fre-
quency was related with more than 5% of TWL during
the 6-month weight maintenance phase, but not in the 12-
month weight maintenance phase. And reducing high-fat
food intake was associated with a TWL of more than 5%
during 12-month weight maintenance. The behavioural
strategies that directly prevent excess caloric intake might
be more effective for long-term weight maintenance.?
Multidisciplinary approaches, including diet, healthy life-
style publicity and education, family-based behavioural
support, and effective follow-up should be reinforced
during the weight maintenance phase.* “8

Our study had several limitations. First, it was a retro-
spective study, and there may be bias when patients after
weight loss for 3 months recall their actions. Further pro-
spective studies should be conducted. Second, all patients
were asked to complete the behavioural strategies ques-
tionnaires at baseline but not at the 12th month weight
maintenance phase. The inability to assess changes in
behavioural strategies was also a weakness. As an explor-
atory cohort study, the association between TWL of more
than 5% and behavioural strategies was evaluated. We
developed this pilot study to explore behavioural strate-
gies that are suitable for Chinese patients with overweight
or obesity, and the methods of assessing the behavioural
strategies also had limitations. Evaluation of the efficacy
of behavioural strategies or changes in response to the
intervention will be conducted in our future prospective
studies. Third, in this study, body composition was meas-
ured with BIA, which is not the gold standard for body
composition. Dual-energy X-ray absorption or computed
tomography scans may be used in our future study.
Fourth, the missing rate of data was higher during the 12
months weight maintenance phase, partly due to the
COVID-19 pandemic and the demographic characteristics
may also provide some idea of the potential for bias.
Large samples and long-term outcomes are needed.49

Nonetheless, to our knowledge, this is the first pilot
study to explore behavioural strategies that are suitable
for weight loss maintenance in Chinese patients with
overweight or obesity. These behavioural strategies were
cost-effective and tended to improve the effect of weight
loss and maintenance. The efficacy of behavioural strate-
gies should be examined in future prospective studies.
Behavioural strategies that are suitable for people with
obesity in different cultures and with living habits should
be developed.

Conclusions
Chinese patients with overweight or obesity who experi-
enced a weight loss of more than 5% were more likely to
reduce high-fat food intake during long-term weight
maintenance.
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