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Abstract
Aim: In overweight/obese individuals, modest 5% weight loss and its maintenance promotes health; however, it is
challenging and typically unachievable, especially in community settings. Established predictors of weight loss out-
come in a community setting are lacking, hindering the development of practical interventions and prevention tools.
Our aim was to identify predictors associated with 5% weight reduction (initial 6 months) and maintenance (1 year)
in overweight and obese adults undergoing weight reduction treatment, free of charge, in a community setting.
Methods: Computerised medical files of 11 842 adults aged 50.6 � 16.3 years, attending 162 primary clinics, were
analysed retrospectively. Thirty medical, biochemical and demographic independent variables were tested as poten-
tial predictors using multiple logistic regression models.
Results: Significant predictors of high successful weight reduction were: not being treated with insulin (odds ratio
(OR) = 0.53), higher baseline body mass index (OR = 1.05) and younger age (OR = 0.98). Weight maintenance predic-
tors were: successful initial weight reduction (OR = 1.26), short time intervals between weighings (OR = 0.88) and
frequent weighing (OR = 0.95). Visits to a dietitian were significantly associated with success during both periods:
each visit raised the probability of success by 13.4 and 7.6%, respectively. Type 2 diabetes or use of hypoglycaemic
drugs were not significant predictors.
Conclusions: In a community-based setting, number of visits to a dietitian is a strong predictor of successful weight
reduction and maintenance. Initial success is a critical predictor of weight loss maintenance. Subgroup of older, dia-
betic patients treated with insulin has a dramatically lower probability of weight reduction success.
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Introduction

Obesity has reached pandemic proportions worldwide.1,2

Obesity rates in Israel are high and comparable to those in
the United States, reaching 30% for body mass index
(BMI) ≤ 30.3 Excess body weight is associated with
decreased longevity and quality of life and a variety of path-
ological conditions.1,4–7 Clinical trials have reported numer-
ous short- and long-term health benefits associated with
weight loss.4,8–10 It is well established that achieving even a
minimal goal of sustained weight loss of 5–10% can reduce
or even eliminate overweight and obesity-related disorders.6

However, the goal of weight loss and its maintenance is
mostly unachieved at both individual and public health
levels. Thus, identifying variables that predict weight loss
outcome is important, though challenging. In fact, to date,
only few identified variables were found to significantly and
positively predict successful weight reduction and its main-
tenance, including: continuous professional support,1,8,10

adherence to physical active lifestyle2,10–15 and the presence
of a medical trigger for weight loss.8 Additional potential
predictors of successful weight reduction outcome were
identified; however, to date, there is inconsistency or lack
of studies regarding the contribution and significance of
these additional variables: gender,1,9,14–17 age,4,9,12–14,16,18

ethnicity,11–14,16 socioeconomic status,12,14 marital
status,14,18 baseline BMI,1,11,13,16,17 smoking status,6 blood
glucose,5 lipids, thyroid-stimulating hormone (TSH) levels,
use of medications and blood pressure.17

To date, most studies related to identifying predictors of
weight reduction and maintenance were designed and fol-
lowed in a clinical setting, which is less relevant to

A. Bachar, MSc, RD, Head of Unit (Clalit Health Services)
G. Livshits, PhD, Professor
R. Birk, PhD, RD, Professor
Correspondence: R. Birk, Department of Nutrition, Health Science
School, Ariel University, Ariel 40700, Israel. Tel: +97 239076594; Fax:
+97 289361346;
Email: ruthb@ariel.ac.il

Accepted February 2018

© 2018 Dietitians Association of Australia 1

AA
  AA

DD
D

ie
ti

ti
an

s 
As

so
ci

at
io

n
ofof

 A
us

tr
al

ia

Nutrition & Dietetics 2018 DOI: 10.1111/1747-0080.12419

http://orcid.org/0000-0001-5770-4277


prolonged maintenance of weight reduction, mainly due to
the high number of people who do not adhere to prolonged
weight loss programs.19,20 Furthermore, many patients are
referred to treatment in community settings, which are
organised by governmental or public institutes and covered
by health insurance.

It is accepted by health associations, such as the Ameri-
can College of Cardiology, American Heart Association Task
Force on Practice Guidelines and the Obesity Society, that
6 months is the time frame considered as short-term weight
loss.20,21 The rationale is that the majority of studies
describe a rapid initial weight loss occurring at the begin-
ning of treatment, with maximum weight loss during the
first 6 months, and then gradual regain of weight until the
weight is stabilised somewhat below baseline levels. Partici-
pants who fail to lose weight during the first 6 months (the
majority) are usually not followed up, and data regarding
their weight reduction and maintenance outcomes are lack-
ing. The time frame considered as weight loss maintenance
is controversial, especially as weight regain after initial
weight reduction is a common phenomenon; however, in
most studies it is accepted to be 12 months.1,10,12

The Israeli public health system is characterised with
extensive array of high-quality services and technologies
available to all residents, largely free at point of service, via
the promulgation of the 1994 National Health Insurance
Law. Primary care is provided through more than 5000
highly accessible clinics distributed throughout the country,
offering monitoring and care programs (including dieti-
tians).22 Each Israeli citizen is required to enrol with one of
several health services providers, of which Clalit Health Ser-
vices (CHS) is the largest. CHS offers each family member a
wide variety of dietary and nutrition services in the commu-
nity clinics, centres and hospital. The diabetes services at
CHS are incorporated in Israel to eight geographical dis-
tricts. At CHS, thorough health statistics databases are read-
ily available, facilitating retrospective studies.22

The aim of the present study was to identify predictors
associated with successful weight reduction and mainte-
nance among a large cohort of overweight and obese adults
on charge-free weight control management in a community
setting.

Based on previous research, we hypothesised that the
number of visits to the dietitian, the frequency of weighing,
medical triggers (e.g. the presence of a disease or abnormal
blood test/blood pressure), older age, being physically
active and initial weight reduction would be related to suc-
cessful weight reduction and maintenance, and that the use
of insulin would deteriorate the chance to succeed.

Methods

The cohort included computerised medical files of patients
attending 162 primary clinics of CHS, between June 2010
and June 2011. The study was approved by the local Clalit
institutional ethics committee and in accordance with the
guidelines of the Helsinki Declaration for studies conducted
using human subjects. The database included a list of

medical diagnoses, laboratory data, medications and demo-
graphics. We defined ‘weight maintenance period’ per the
guidelines of the Institute of Medicine: losing ≥5% of body
weight and keeping weight below this minimum for a total
of at least one year.10 Based on a preliminary evaluation
done at CHS, we estimated several parameters, such as the
percentage of participants achieving 5% reduction of body
weight. In accordance with those evaluations, we used a
simulation technique and implemented WINPEPI computer
software (http://www.brixtonhealth.com/pepi4windows.
html), and using a power of 90%, we estimated the mini-
mal sample size required for the study (N = 18 262).

The cohort included computerised medical files of resi-
dents in the Sharon-Samaria district who are medically
insured by the CHS. The inclusion criteria were: adults
(≥18 years), with BMI ≥ 25, who had ≥2 weighings at
6 months and ≥3 weighings at 1 year. Exclusion criteria
were: participants with only one weighing, participants with
outlier characteristics, namely, BMI > 50, age ≥ 90 and
missing or mistaken weight or height data (identified by
computer analysis and by univariate distribution and bivari-
ate plots). The Ministry of Health criteria mandate health
services to provide obese and overweight dyslipidaemia
patients 14 charge-free meetings with a dietitian during the
first year, and 7 meetings during the following years.
According to the CHS estimates, 47% of referred patients
visit the dietitian. Weight loss diet recommendations were
given by certified dietitians (at the community clinics),
based on shared dietary guidelines and physical activity
recommendations.

The primary outcome measure was the percentage of
weight change. All weight measurements were undertaken
by a certified nurse or a dietitian at entrance examination
and after two periods of follow up. Our original aim was to
collect all the data of repeated weights after 6 and
12 months of follow up. However, the great majority of
participants visited a dietitian/nurse for the second and
third body weight measurements at somewhat different
time intervals. Thus, the second weighing was taken after
7.6 � 1.8 months (defined as the reduction period), and
the third weighing after 13.3 � 1.7 months (maintenance
period). Independent cohort variables at baseline were: con-
tinuous variables: age, weight (kg), height (m), BMI
(kg/m2), blood levels of fasting glucose, TSH, T3-free, T4-
free, total cholesterol (TC), high-density lipoprotein choles-
terol (HDL), LDL and triglycerides (TG), systolic (SBP) and
diastolic (DBP) blood pressure, number of visits to a dieti-
tian and the time interval (months) between weighings.
Categorical variables included: gender, ethnic background,
socioeconomic status and smoking status. Dichotomous
variables included: marital status, physical activity, presence
of diabetes mellitus (DM), hypertension (HTN), ischemic
heart disease (IHD) and chronic heart failure (CHF). Medi-
cal treatment included: statins, hypoglycaemic medications,
insulin, hormonal replacement therapy (HRT) and oral con-
traceptives. Free T3, free T4 and TSH were not included in
the final logistic regression due to missing data. There was
also missing data regarding SBP and DBP; however, because
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we had full data of HTN and because there is colinearity
between those variables, we entered HTN in the multiple
analyses. Additionally, in the final statistics, we did not ana-
lyse HRT and oral contraceptives, as those variables are rel-
evant only to women.

Participants were classified into two categories based on
the outcome of initial weight reduction: the high successful
group (lost ≧ 5% within 6 months) and the low successful
group (lost <5% within 6 months). The high successful
group was further followed up to determine what factors
significantly predicted high successful maintenance during
1 year. All the analyses were performed using SPSS software
version 19 (SPSS, Chicago, IL, USA). Continuous variables
(listed in the variables subsection) were analysed with a
two-tailed independent Student’s t-test. Bivariate analyses of
proportionality of distribution of categorical variables (listed
in the variables subsection) were estimated using the chi-
square test. For continuous variables we used a histogram
of distributions and Q–Q plots to assess normality. The var-
iables that were significantly related to high successful
weight reduction in a series of univariate analyses were next
tested in multiple logistic regression models, to establish
their independent association with the corresponding
dependent variable (categorially: successful/unsuccessful).
For all tests, P ≤ 0.05 was considered statistically signifi-
cant. Testing statistical power of the above sample for the
successful fulfilment of the 1-year follow up gave us 90%
likelihood of rejecting the null hypothesis (no effect of the
variable). Concerning missing data, as a rule and in line
with statistical recommendations, we analysed only the
available data (i.e. ignoring missing data). This created dif-
ferent sample sizes in univariate analyses per variable,
yet allowed us to take an advantage of all the available data.
However, in multivariable analysis such as multiple regres-
sion, only individuals with all data were used. Data
(in tables) are presented as mean � SD.

Results

Our initial cohort included computerised medical files of
24 472 adults: 15208 women and 9264 men, aged
18–90 years (50.6 � 16.3 years), with BMI 25–40
(32.39 � 5.21 kg/m2). Of these, 19 308 (78.9%) were Jews
and 5164 (21.1%) were Arabs. Of the total available files,
12 630 were excluded due to exclusion criteria. Thus, the
final study cohort included 11 842 participants. The base-
line participants’ characteristics are summarised in Table 1.

In summary, the mean participants’ BMI was 32.7
(�5.3). The mean (�SD) age of participants was
54 (�15.6) years; 64% of participants were of moderate-to-
high socioeconomic status (according to social security
database) and 36% were of low socioeconomic status. Most
participants (71%) were married. Most participants
reported never smoking (71%) with the rest either former
smokers or current smokers (18.5 and 10.4%, respectively).

The number of participants at every stage of the study
and their weight reduction outcomes are summarised in
Table 2. During the reduction period (6 months) all

participants’ mean weight loss was 0.37 � 6 kg. The highly
successful participants (≥5% of initial weight), compromis-
ing 17.9% (n = 2119) of initial study cohort (n = 11 842),
lost an average of 9.15 � 5.7 kg (9.87 � 5.14%). Fifty per-
cent (n = 1037) of the successful group maintained their
initial weight reduction during the maintenance period
(13.3 � 1.7 months).

Predictors of successful weight loss—Initial reduction period
(~6 months): Age, categorised by five equal quintiles, signifi-
cantly (P < 0.0001) predicted the rate of initial high success
in weight reduction, where the youngest group (≤34 years)
had the highest rate of success (23.0%), compared to the
oldest group (≥66 years, 14.0%), (Figure 1). A similar grad-
ual trend, but in the opposite direction, was observed
among baseline BMI groups, where lower initial BMI

Table 1 Baseline characteristics of participants

Characteristic Mean � SD

Age (years) 53.9 � 15.6
BMI (kg/m2) 32.7 � 5.3
HDL-C (mg/dL) 46.8 � 11
Glucose (mg/dL) 114 � 40
TG (mg/dL) 156 � 80
TC (mg/dL) 187 � 37.6
LDL (mg/dL) 109.7 � 31.5
TSH (mu/L) 2.5 � 1.5
T3-free (μg/dL) 4.4 � 0.57
T4-free (μg/dL) 14 � 2
SBP (mmHg) 126.6 � 14
DBP (mmHg) 76 � 8.4

Characteristic Frequency (%)

DM 40
HTN 46
IHD 16
Statin use 30.6
Insulin use 5.3
Hypoglycaemic medication use 18.6
Jews 79
Socioeconomic status(a)

Low 36
Medium 36
High 28

Married 70.7
Smoking status
Never smoked 71.1
Former smoker 18.5
Current smoker 10.4

Physically active(b) 40
CHF 3.8
Depression 9.4
HRT use 0.6

BMI, body mass index; CHF, chronic heart failure; DBP, diastolic
blood pressure; DM, diabetes mellitus; HTN, hypertension; HRT,
hormonal replacement therapy; SBP, systolic blood pressure; TG,
triglycerides; TC, total cholesterol.
(a) Social security database.
(b) As declared by participant at baseline.

Weight reduction and maintenance predictors
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(25–26.99) demonstrated significantly (P < 0.0001)
reduced initial weight reduction success (11.0%), compared
to heavier initial BMI (≥40, 28.6%). The logistic regression
analysis retained higher baseline BMI and higher number of
visits to the dietitian as significant predictors for high suc-
cessful weight reduction (Table 3). The time interval
between the first and second weighing, age and the use of
insulin were positively correlated with low successful initial
reduction. A DM participant treated with insulin had almost
half the probability (47.5% lower) to succeed than his/her
non-insulin treated counterpart. For each visit to the dieti-
tian, the probability to succeed rose by 13.4%. When we
categorised ‘visits’ to 0 visits versus ≥ 1 visits, we found that
patients had 77% higher probability to succeed when
receiving at least one dietary meeting, odds ratio
(OR) = 1.77 (95% CI 1.62, 1.97, P = <0.001). Of 4536
individuals who visited the dietitian at least once during the
initial reduction period, 23.4% lost ≥5% weight, whereas of
the 7300 individuals who did not visit a dietitian, only
14.5% succeeded in achieving this modest loss
(P < 0.0001). We quantified the effect of time interval to
weight loss success, calculating the effect of each additional
month that passed between weighings on the probability to
succeed (time between weighing for each participant was
analysed individually and defined as a continuous variable);
during the initial reduction period, the chances of high suc-
cess declined by 4.5% with every month passing between
the first and the second weighing.

Predictors of successful maintenance period (~1 year): Dur-
ing this period there was a stabilization of reduced weight
(the mean total loss from baseline was 9.1 � 9 kg;
9.5 � 8.34%). Using logistic regression analysis (Table 3),
we found that higher initial BMI, higher number of visits to
the dietitian, greater initial weight loss and shorter time
interval between the first and the third weighing were all
significant predictors for high successful weight mainte-
nance. When we examined ‘visits’ as a dichotomous vari-
able, we found that compared to 0 visits, even one visit
(or more) was a strong independent predictor for high suc-
cessful weight maintenance, OR = 2.15 (95% CI 1.52,
3.04, P < 0.0001).

Discussion

The aim of the current study was to identify significant pre-
dictors of initial weight loss and maintenance in a large
cohort of overweight and obese adults in a community
setting.

Visits to the dietitian predicted high successful weight
reduction and maintenance. Even a single visit to a dietitian
had a significant effect on the likelihood to succeed in
achieving and maintaining weight reduction. This finding is
in line with previous studies, which found visits to a dieti-
tian as a significant predictor for weight loss and mainte-
nance in structured weight loss programs.1,4,10,11 It should
be emphasised that our study is unique in showing this
effect also in a community setting. The rationale behind this
predictor is probably the dietitian’s professional support,
which enhances motivation and provides knowledge and
tools for lifestyle changes.10

Our study also found that higher frequency of weighing
by a qualified person was significantly associated with the
likelihood to high successful initial weight loss and mainte-
nance. Several previous studies showed that higher fre-
quency of weighing predicted better weight loss
outcomes,12 with most recent studies focusing on self-
weighing. However, self-weighing resulted in inconsistent
results, where in some studies23 daily self-weighing and
visual feedback facilitated minimal weight loss and its main-
tenance, while in other studies weighing every day led to
greater adoption of weight control behaviours and gener-
ated greater weight loss.22 In fact, it was suggested that
there is insufficient evidence as to whether self-weighing

Table 2 The number of participants at every stage of the study and their weight reduction outcomes (successful vs
unsuccessful)

N (%)

Participants Attrition rate
High success group

(lost ≥ 5%)
Low success group

(lost < 5%)

Entrance (first weighing) 24 472
Reduction (second weighing) 11 842 12 620 (50.5%) 2119 (17.9%) 9723 (82.1%)
Maintenance (third

weighing)
1039(a) 1080 (49.6%) 725 (69.8%) 314 (30.2%)

(a) Out of 2119 that were successful at reduction period.

Figure 1 The rate of initial successful weight reduction (%
of participants) according to quantiles of age.
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without other intervention components is effective.24 Two
systematic reviews specifically examined self-weighing for
weight management, and both concluded that regular self-
weighing appeared to be a good predictor of moderate
weight loss, less weight regain or avoidance of initial weight
gain in adults.25,26

We show that initial weight reduction (6 month) is a
powerful significant predictor of later maintenance (1 year).
This finding is in agreement with previous studies, showing
that greater weight loss during 8 weeks of low-calorie diet
in females predicts better 6-month weight maintenance,
and that initial 6-month reduction in weight is the main
predictor of both long-term retention and success in weight
loss.4,16 Our study found that higher initial BMI was a sig-
nificant predictor of successful initial reduction and mainte-
nance. A possible explanation is that when subjects lose
large amount of fat they experience favourable changes in
their body shape and motivation, and are thus more moti-
vated to maintain weight.11 The literature, however, is
inconsistent regarding this issue: similar to our results,
many studies reported higher baseline BMI as a significant
predictor of success in weight reduction and maintenance
during short and long follow up periods.1,11,13,15 However,
it was also reported that at extreme baseline BMI (above
35) the probability of weight loss and maintenance success
declines.12

Weight management is more challenging in obese
patients with type 2 diabetes.9 In a meta-analysis, Dansinger
at el. reported greater weight reductions in studies where
diabetics were excluded from the cohort.27 Similarly,
insulin-treated diabetics at the Look AHEAD clinical trial
lost 2% less weight compared to participants who took no
diabetes medications.17 In our study, the initial high suc-
cess probability decreased significantly in diabetics treated
with insulin compared to participants not treated with insu-
lin. However, unlike previous findings, which did not dis-
tinguish between different diabetic treatments and
medications,2,9 we found, using multiple logistic regression
models and quantifying the independent effect of using
insulin on weight reduction success, that the mere presence
of diabetes, elevated levels of blood glucose or being treated
with hypoglycaemic medications did not significantly

change the probability of high success in losing or main-
taining weight. Our results indicate that insulin treatment is
likely the major effector on weight loss in diabetic patients.

Younger age significantly predicted only initial weight
reduction success: the youngest group (≤34 years) had the
highest rate of success (23.0%), compared to the oldest
group (≥66 years, 14.0%). In fact, each year of age reduced
the probability to succeed in weight reduction by 1.2%.
Although our research design could not relate to reasons
explaining this finding, it might relate to the higher lean
body mass and metabolic rate typical to younger people,28

which accelerate weight reduction. Contrary to our find-
ings, previous studies found older age as a predictor of suc-
cessful weight reduction and maintenance, probably due to
higher motivation, fewer competing demands and more
medical triggers.4,13,14,18 For example, in the Look AHEAD
and in the TONE trial with cohort mean ages of 59 and
66, respectively, weight loss was associated with improved
control of obesity co-morbidities.4

Our study did not find statistically significant associa-
tions of any of the demographic factors with high successful
weight reduction and maintenance, including marital status,
socioeconomic status, ethnic background and gender (using
the final multivariate analysis). Previous studies examining
the association of demographic parameters with weight
reduction outcomes showed inconsistent results for marital
status,13,16 socioeconomic status,14 ethnic back-
ground11,13,14,16 and gender.1,4,10,13,14,16 Thus, further
research is needed to clarify the link between demographic
characteristics and weight reduction and maintenance
outcomes.

As in other retrospective studies, our study has some
limitations. For instance, high attrition rate could create a
selection bias and affect the external validity of the study.
However, high attrition rate is known in this field and
expected12,15,29 and was the rationale for the present study.
Consequently, the high successful group that we analysed
was expected to be relatively small, especially as our study
cohort included free living population. In a preliminary
analysis, we found that our final cohort participants that
had ≥2 weighings tended to be older and with more back-
ground diseases compared to participants that had only one

Table 3 Summary of predictors for successful weight reduction and maintenance in multiple logistic regressions conducted
for reduction and maintenance periods

Predictor Reduction (N = 11 836) Maintenance (N = 1038)

Age (years) OR = 0.988 (0.985–0.991)
BMI OR = 1.051 (1.042–1.060) OR = 1.033 (1.005–1.061)
Insulin use OR = 0.525 (0.402–0.686)
The time interval between the first and the second

weighing (in months)
OR = 0.955 (0.941–0.969)

The time interval between the first and the third
weighing (in months)

OR = 0.88 (0.807–0.96)

Visits(a) OR = 1.134 (1.109–1.160) OR = 1.076 (1.037–1.116)
Initial weight reduction (%) OR = 1.259 (1.193–1.329)

(a) Visits = the number of visits to a dietitian during a relevant follow up period.
Odds ratios (OR) and 95% confidence intervals (CI) are presented.

Weight reduction and maintenance predictors
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weighing, that due to exclusion and inclusion criteria were
excluded from the final study cohort. Not all participants
were willing to lose weight, though they were instructed to
do so by their doctor, nurse or dietitian, in order to meet
quality measures. Other limitations include: lack of detailed
and repeated data on type and intensity of the subjects’
physical exercise; missing data, which were handled accord-
ing to acknowledged statistical recommendation, where low
percent of missing at random data were ignored. Addition-
ally, confounders such as personal differences in counsel-
ling, and psychological characteristics might have
influenced the results. The strength of our study lies in the
following: a large sample size, representing different seg-
ments of the population; weight control follow up that is
community-based and funded mainly by public insurance;
the large number of variables analysed; body weight repeat-
edly measured by professionals and not based on self-
reports. The current study focused on achieving minimal
weight loss goal of 5%, which was found to grant health
benefits as defined by health organizations and based on
clinical studies. For future research we suggest further stud-
ies of the community setting, and to obtain further data
regarding physical activity, demographics and participants’
motivation.

In conclusion, our significant predictors of weight loss
and maintenance, professional support and frequent weigh-
ing, are controllable factors that should be straightforwardly
implemented in a community setting. Additionally, a sub-
group of diabetic patients who are insulin treated were
found to have a significantly lower probability of high suc-
cess in weight reduction, and should be treated with more
attention. We suggest to provide those patients more visits
to dietitians and frequent weighing, which could raise their
chances to succeed. Initial high success was found to be
crucial for high successful maintenance, and thus this initial
period should receive special professional attention. Our
large long-term community-based research contributes to
better understanding of the factors influencing the out-
comes of weight reduction, enabling prediction of high suc-
cess in weight loss and maintenance in community-treated
individuals that are overweight and obese.
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