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Aims: Our purpose was to identify those factors associated with successful late weight

reduction and maintenance among overweight and obese adults who failed to achieve

initial weight reduction success.

Methods: Medical computerized files of 5254 participants, who failed to achieve �5% weight

reduction after an initial 6-month period, were retrospectively analyzed to identify pre-

dictors associated with late successful weight reduction and maintenance (�5% during the

first and second years, respectively). Over 40 independent variables were analyzed. The

main outcome was the percentage of weight change.

Results: Significant predictors of late success in weight reduction were as follows: more

visits to a dietitian, higher baseline BMI, and any initial weight reduction (0–5%) (OR = 3.69,

compared with participants who initially gained weight). The use of insulin (OR = 0.499) and

the presence of hypertension (OR = 0.75) were significantly correlated with failure to reduce

weight. Predictors of late maintenance were as follows: more visits to a dietitian, higher

baseline BMI, any initial weight reduction, a younger age, not being treated with insulin

(OR = 0.316), and more weighings (OR = 1.68).

Conclusions: A substantial sub-group of obese and overweight patients was able to reduce

their weight at a slower rate than the defined successful time of 6 months. Significant

specific predictors were identified. Diabetic and hypertensive patients are at a significantly

higher risk of failure to reduce and maintain weight. Using regression models, we calculated

the probability of successful late weight reduction. This calculation could serve as a clinical

tool for a professional team.
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1. Introduction

Clinical studies suggest that a minimal, sustained weight loss

of 5% to 10% can reduce or eliminate obesity-related disorders

[1–4]. However, research has shown that weight loss is difficult

to achieve, and weight maintenance is even a greater

challenge [5–7]. Understanding those factors that predict

successful weight loss and maintenance will improve obesity

treatment [5,8]. It is well established that even a minimal,

sustained weight loss of 5–10% can reduce or eliminate

obesity-related disorders. However, there is a lack of evidence

regarding predictors that can help achieve this objective [2,9].

Factors, such as professional support [7,10–19], physical

activity [4,5,7,9,11–13,15,16,18,20–24], and the presence of a

medical trigger [21,24,25] have been found to predict success-

ful weight reduction and maintenance. However, there is

inconsistency or lack of data regarding the contribution of

factors such as the rate of weight reduction [7,12,13,19,

20,22,23,26], the frequency of visits to a health professional

[9,14,27], gender [2,5,12,14,16,18,22,23,27], age [5,8,10,12,14,

16,16,18–20], ethnicity [5,8,18,23,26,27], socioeconomic status

[5,11,12,14,23], marital status [23,27], baseline BMI [1,2,5,10,11,

14,16,20,23,27], smoking status [12,28], blood glucose [29],

lipids [10], TSH levels [30], use of medications [31,32], and blood

pressure [10] for successful weight reduction. Furthermore,

the weight loss process is characterized by a rapid initial

weight loss, reaching a maximum weight reduction during the

first 6 months, followed by a gradual weight regain, until the

weight is stabilized somewhat below baseline levels [1,13].

Even though weight regain is common, NWCR (National

Weight Control Registry) data show that if people are able to

maintain their weight loss for 2 years, their risk of subsequent

regain is reduced by 50% [4]. Long-term success in weight loss

maintenance is a challenge [13] and more long-term follow-up

research is needed [5]. To date, most follow-up studies focus

on patients that have successfully lost weight in the initial

period (the first 6 months). Unfortunately, this group con-

stitutes a minority of patients who try to lose weight and

maintain it. It is well established that a strong predictor for

maintenance of weight loss is the initial success [1,2,8,

10,12,22,23,33,34]. Lack of early weight loss success lowers

patients’ motivation and adherence to treatment and there-

fore, the likelihood to succeed declines [33]. Wing and Phelan

found that participants who gained the most weight during

the first year of treatment were the least likely to re-lose

weight during the following year [24]. In accordance, Casazza

et al. demonstrated that large, rapid weight loss is associated

with better long-term weight-loss outcomes compared with

slow, gradual weight loss [34], although there are contradicto-

ry data [4,16,20]. Participants who fail to lose weight during the

first 6 months, which constitute the majority of the population

who try to lose weight, are not usually followed-up and there is

a lack of data regarding their weight reduction and mainte-

nance outcomes. The major goal of this study was to analyze

overweight and obese participants who fail to lose a minimum

of 5% of their baseline weight in the initial weight reduction

process. These participants were studied for a total of 2 years,

to identify predictors for successful late weight reduction and

maintenance.
Please cite this article in press as: Bachar A, et al. Late successful weight
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2. Subjects

2.1. Ethical considerations

This study was approved by the local institutional ethics

committee and was performed in accordance with the

guidelines of the Helsinki Declaration for studies conducted

using human subjects. The institutional ethics committee did

not require written informed consent because data were

collected anonymously from the computerized medical files.

The cohort included computerized medical files of resi-

dents in the Sharon-Samaria district, who are medically

insured by the CHS. CHS insures 54% of the district’s

population, which is mostly urban and includes both Jews

and Arabs. The inclusion criteria were as follows: adults (�18

years) with BMI � 25, with at least 3 weighings (that were

carried out either by a certified nurse or a dietitian),

losing < 5% of baseline weight after an initial stage of analysis

(7.6 � 1.8 months), and at least one visit to a dietitian during a

2-year follow-up. Participants were weighed by a nurse or a

dietitian while visiting their clinics as part of a regular follow-

up for different reasons, and at different opportunities. Their

weight was recorded in a computerized medical file. Obese

patients and OW with co-morbidities are eligible for 14

meetings with a dietitian within the first year and 7–14

meetings (depending on their medical problem) during the

following years. The first visit to a dietitian required a letter of

referral from the physician. Some of the visits to a dietitian

were at the request of the patients, whereas some patients

were instructed by the physician or a nurse to visit a dietitian.

The weight loss diet plan was given by a certified dietitian and

was based on shared dietary guidelines aimed at reducing

calorie intake and at elevating physical activity .The dietitian

built a personal plan based on the patients’ medical

background and on food anamnesis, personal preference,

daily routine, and the patients’ readiness to make a change.

Participants were encouraged to continue follow-ups and to

utilize the visits to which they were entitled. All participants

visited a dietitian and received a weight loss plan by the end of

the study. Owing to the different times that the patients

received nutritional guidance, we were able to analyze the

effect of professional guidance on weight loss success/failure.

Exclusion criteria were as follows: participants with <3

weighings, participants with outlier characteristics, namely,

BMI > 50, age � 90, missing or mistaken data for weight or

height. In addition, the elderly (365 y) with BMI < 27 were

excluded based on guidelines from the Ministry of Health in

Israel [35–37]. Most patients had one or more health problems,

such as diabetes mellitus (DM), hypertension (HTN), ischemic

heart disease (IHD), or chronic heart failure (CHF).

3. Materials and methods

3.1. Measurements

The primary outcome was the percentage of weight change. The

initial weight was recorded upon entrance to the study (June

2010). Repeated measurements of weight were undertaken at
 reduction and maintenance among overweight and obese adults—A
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three stages: a second weighing at the first stage, after 5–11

months of follow-up (mean = 7.6, s.d. = 1.8), a third weighing at

the second stage, after 11–17 months (mean = 13.3, s.d. = 1.7),

and a fourth weighing at the third and final stage, after 17–23

months (mean = 19.2, s.d. = 1.6). Not all participants underwent

all weighings; some of them had only 3 weighings and some had

4 weighings during all follow-up periods. In addition to weight

(kg), which was analyzed as a dichotomous variable (success vs.

failure to lose 5% of baseline weight), information was collected

on the following categorical variables: gender, ethnic back-

ground (Jews or Arabs), marital status (unmarried or married),

socioeconomic status according to national insurance support

scores (low, medium, and high), smoking status, and physical

activity (active vs. not active and never smoked, former smoker

or current smoker, respectively, according to the anamnesis

taken from the patients by the dietitian and as it was recorded in

the medical files). The participant’s health information was

extracted from medical files, and included information related

to the presence of diabetes mellitus (DM), hypertension (HTN),

ischemic heart disease (IHD), chronic heart failure (CHF), and

the use of the following medications: statins, hypoglycemic

medications, insulin, hormonal replacement therapy (HRT),

and oral contraceptives. Other information included continu-

ous variables: age, height (m), BMI (kg/m2), blood values upon

entrance, including fasting glucose, TSH, T3- free, T4- free, total

cholesterol, high and low density lipoprotein cholesterol [TC,

HDL-C, and LDL-C, respectively], triglycerides (TG), systolic

(SBP), and diastolic (DBP) blood pressure, the number of

meetings with a certified dietitian (visits), the number of

weighings during all follow-up periods (some of the participants

had 3 weighings and some of them had 4), and the time interval

between weighings in months.

3.2. Statistical analyses

Based on their weight reduction outcome at the second

weighing, the participants were classified into two categories:

the successful group (lost 35% of their initial body weight),

and the unsuccessful group (lost <5%, or gained weight). The

unsuccessful group was further followed-up to identify

significant predictors associated with late successful reduc-

tion after 13.3 months (about one year) and maintenance after

19.9 months (about 2 years). The distributions of continuous

variables were first examined for normality by using

histograms of the distributions and Q–Q plots to check

normality. The variables were compared with a two-tailed,

independent Student’s t-test, We used an independent

Student’s t-test and ANOVA with a post hoc test to find the

significant differences in the distributions of each of the

continuous potential predictors between the successful and

the unsuccessful participants. Bivariate analyses of the

proportionality of the distribution of categorical variables,

such as ethnic group, insulin use, and HTN were estimated

using the chi-square test. The variables that were signifi-

cantly related to successful weight reduction and mainte-

nance using univariate analyses were then analyzed using

multiple logistic regression models with success vs. failure as

dependent variables. Statistical analysis was performed

using SPSS statistical analysis software, version 19 (SPSS,

Chicago, IL, USA).
Please cite this article in press as: Bachar A, et al. Late successful weight
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4. Results

Table 1 describes the baseline characteristics of the studied

population.

4.1. Weight changes

During the first stage (7.6 � 1.8 months), 11,842 individuals had

recorded weights; of these, 9723 (82.1%) were unsuccessful in

losing weight (lost < 5% of the initial weight, or gained weight).

The average gain of the unsuccessful group was 1.54 � 4.16 kg,

which comprised 1.88 � 5.01% of their initial weight. After one

year, of the 9723 participants who initially failed to lose �5% of

their baseline weight, 5254 had recorded weight (a third

weighing). Among these, 683 (13%) succeeded to achieve �5%

reduction from the start (late reduction). After 2 years, 3669

participants had recorded weight (at their third or fourth

weighing). Of these, 561 (15.3%) were successful at maintain-

ing their late loss of �5%.

4.2. Factors associated with successful late reduction

Table 2 presents the characteristics of participants categorized

according to successful (late) and unsuccessful groups accord-

ing to their weight reduction outcomes at 1 year of follow-up.

Binary multiple logistic regression (N = 5254, Table 3)

revealed that any initial weight reduction (compared to weight

gain), higher baseline BMI, and a higher number of visits to the

dietitian were significantly correlated with successful late

weight loss. The probability of successful late weight reduction

was 3.69-fold higher among participants who lost some weight:

0–5%, compared with participants who gained weight at the

beginning of the process (the first 7.6 months); the probability of

succeeding in late weight loss rose by 5.2%, and by 7.6% with

every baseline BMI unit, and with every visit to the dietitian,

respectively. Even one visit significantly predicted successful

late reduction, compared with 0 visits (OR = 1.396, 95%,

CI = 1.167–1.671, p < 0.0001). The presence of HTN and insulin

treatment was significantly associated with unsuccessful

weight reduction (p < 0.0001, p = 0.002, respectively). Interest-

ingly, when we entered the variable BMI as a categorical variable

(overweight, BMI 25–29.99 or obese, BMI � 30), we found that

obese patients had significantly higher chances to succeed (OR-

1.58, C.I = 1.31–1.90, p < 0.0001). The resulting equation of the

regression model could be used to predict the probability of

successful late weight reduction; this calculation could serve as

a clinical tool for a professional team (Table 3). For instance, a

patient with the absence of HTN, and without insulin

treatment, whose baseline BMI is 32, who is expected to visit

a dietitian 5 times during one year, and who initially did not gain

weight is estimated to have a 25.9% likelihood for successful late

reduction. This is also useful for identifying the number of

visits, which are needed to achieve the weight reduction goal.

ln ( p/1 � p) = �4.3 + 0.05 � BMI-0.3 � HTN-0.7 � insulin

use + 0.07 � visits + 1.3 � initial weight change

ln ( p/1 � p) = �4.3 + 0.05 � 32 – 0.3

� 0 � 0.7 � 0 + 0.07 � 5 + 1.3 � 1 = �1.05

p = 0.259
 reduction and maintenance among overweight and obese adults—A
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Table 1 – Baseline characteristics of a group of partici-
pants who were unsuccessful at losing 5% weight during
the first 6 months of follow-up. (Data are expressed as
the percentage for categorical variables or mean-
s W standard deviation for continuous variables).

Characteristics Mean � s.d./
frequency

n

Age (years) 54.55 � 15.47 9723

Gender

Female 62.5 6080

Male 37.5 3643

Ethnic background

Arabs 20.8 2022

Jews 79.2 7701

BMI1 (kg/m2) 32.46 � 5.09 9723

Visits to a dietitian during

a 7-month period

0.99 � 1.82 9719

Visits 0 vs. 31

0 visits 65.6 6371

31 visits 34.4 3345

Time interval between the

first and the second

weighing (in months)

7.65 � 1.75 9723

Socio-economic status

Low 36.1 3499

Medium 35.8 3476

High 28.1 2727

Marital status

Unmarried 29.3 2841

Married 70.7 6863

Smoking status

Never smoked 71.2 6659

Former smoker 18.5 1732

Current smoker 10.3 966

Physical activity

Not active 60.5 3439

Active 39.5 2243

CHF2

Absence 96.2 9351

Presence 3.8 372

Depression

Absence 90.5 8797

Presence 9.5 926

DM3

Absence 59.4 5780

Presence 40.6 3943

HTN4

Absence 53.1 5163

Presence 46.9 4560

IHD5

Absence 83.4 8106

Presence 16.6 1617

Statin use

Not using 68.5 6656

Using 31.5 3067

Insulin use

Not using 94.2 9160

Using 5.8 563

Hypoglycemic medications use

Not using 80.8 7853

Table 1 (Continued )

Characteristics Mean � s.d./
frequency

n

Using 19.2 1870

Contraceptives use

Not using 97.1 9442

Using 2.9 281

HRT6 use

Not using 99.5 9671

Using 0.5 52

Glucose (mg/dl) 114.2 � 39.61 9510

TG7 (mg/dl) 156.17 � 79.20 9239

TC8 (mg/dl) 186.83 � 37.36 9239

LDL-C9 (mg/dl) 109.61 � 31.37 8679

HDL-C10 (mg/dl) 46.90 � 11.46 9239

TSH (mu/l) 2.54 � 1.46 7585

T3 free (mcg/dl) 4.42 � 5.67 2617

T4 free (mcg/dl) 13.93 � 2.21 4220

SBP11 (mm/hg) 126.72 � 14.10 9310

DBP12 (mm/hg) 75.98 � 8.31 9310

1 BMI = body mass index.
2 CHF = chronic heart failure.
3 DM = diabetes mellitus.
4 HTN = hypertension.
5 IHD = ischemic heart disease.
6 HRT = hormonal replacement therapy.
7 TG = triglycerides.
8 TC = total cholesterol.
9 LDL-C = low density lipoprotein cholesterol.
10 HDL-C = high density lipoprotein cholesterol.
11 SBP = systolic blood pressure.
12 DBP = diastolic blood pressure.
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4.3. Factors associated with successful maintenance (after
late reduction)

Table 4 presents the characteristics of those participants

categorized according to successful and unsuccessful groups,

according to weight maintenance outcomes at the end of the

follow-up.

In a multiple logistic regression model (N = 3663, Table 5)

a main predictor for successful weight maintenance after

late success was achieving any initial weight loss (OR = 2.5

compared with participants who gained weight at the first

stage). Other predictors were: not being treated with insulin,

a higher baseline BMI, a younger age, being weighed 4 times

(not 3), and a higher number of visits to a dietitian. The

probability of maintaining a �5% weight loss rose by 5.5%,

and by 4.6%, with every unit of BMI and with every visit to a

dietitian, respectively, and it decreased by 68.4% and by 1.1%

among participants receiving insulin in comparison with

non-insulin receivers and with every year of age, respec-

tively. When we entered the variable BMI as a categorical

variable (overweight, BMI 25–29.99 or obese, BMI � 30), we

found that obese patients had significantly higher chances

to succeed (OR-1.40, C.I = 1.14–1.71, p = 0.001). Using regres-

sion models, we calculated the probability of successful

weight maintenance for participants who achieved a

late successful weight reduction (Table 2). For instance, a

50-year-old, non-diabetic patient, with a BMI of 30 at

baseline, who is expected to visit a dietitian 5 times in a
 reduction and maintenance among overweight and obese adults—A
i.org/10.1016/j.diabres.2014.09.055
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Table 2 – Baseline characteristics of participants categorized according to successful (delayed) and unsuccessful groups
according to weight reduction outcomes at the second stage of follow-up (after 13.3 W 1.7 months). Data are expressed as
the percentage for categorical variables or means W s.d. for continuous variables.

Characteristics Unsuccessful group
(<5% maintenance)

n Successful group
(�5% maintenance)

n p

Age (y) 57.57 � 14.43 4571 56.42 � 15.05 683 0.053

BMI (kg/m2)1 32.52 � 4.98 4571 34.00 � 5.49 683 <0.0001

Gender

Female 86.5% 2838 13.5% 443 0.163

Male 87.8% 1733 12.2% 240

Ethnic group

Arabs 85.0% 884 15.0% 156 0.032

Jews 87.5% 3687 12.5% 527

Socio-economic status

Low 86.3% 1594 13.7% 253 0.553

Medium 87.3% 1672 12.7% 244

High 87.5% 1297 12.5% 186

Marital status

Not married 87.0% 1292 13.0% 193 0.975

Married 87.0% 3271 13.0% 490

Smoking status

Never smoked 86.7% 3110 1.3% 476 0.132

Former smoker 88.7% 859 11.3% 109

Current smoker 85.3% 406 14.7% 70

Physical activity

Not active 85.9% 1549 14.1% 254 0.233

Active 87.4% 1057 12.6% 152

CHF2

Absence 86.9% 4344 13.1% 655 0.326

Presence 89.0% 227 11.0% 28

Depression

Absence 86.9% 4080 13.1% 614 0.614

Presence 87.7% 491 12.3% 69

The number of visits to a

dietitian during 7 months

of follow-up

1.03 � 1.63 4567 1.17 � 1.70 683 0.055

The number of visits to a

dietitian during 13 months

of follow-up

1.94 � 2.09 4567 2.38 � 2.20 683 <0.0001

The number of visits to a

dietitian(13 months) 0 vs. 31

0 89.4% 1724 10.6% 204 <0.0001

31 85.6% 2843 14.4% 479

The time interval between

the first and the second

weighing (in months)

7.68 � 1.80 4571 7.24 � 1.61 683 <0.0001

The time interval between

the first and the third

weighing (in months)

18.91 � 1.54 4571 18.90 � 1.59 683 0.942

DM3

Absence 86.1% 2379 13.9% 384 0.041

Presence 88.0% 2192 12.0% 299

HTN4

Absence 85.7% 2061 14.3% 345 0.008

Presence 88.1% 2510 11.9% 338

IHD5

Absence 86.7% 3679 13.3% 566 0.140

Presence 88.4% 892 11.6% 117

Statins use

Not using 86.5% 2848 13.5% 445 0.151

Using 87.9% 1723 12.1% 238
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Table 2 (Continued )

Characteristics Unsuccessful group
(<5% maintenance)

n Successful group
(�5% maintenance)

n p

Insulin use

Not using 86.5% 4238 13.5% 659 <0.0001

Using 93.3% 333 6.7% 24

Hypoglycemic medication use

Not using 86.8% 3511 13.2% 534 0.426

Using 87.7% 1060 12.3% 149

Oral contraceptive use

Not using 86.9% 4475 13.1% 672 0.398

Using 89.7% 96 10.3% 11

HRT6

Not using 87.1% 4551 12.9% 676 0.045

Using 74.1% 20 25.9% 7

Glucose (mg/dl) 116.74 � 40.58 4493 116.60 � 40.55 669 0.930

TG (mg/dl)7 158.45 � 78.95 4383 155.05 � 82.32 663 0.304

TC (mg/dl)8 184.29 � 37.00 4383 185.39 � 38.71 663 0.478

LDL-C (mg/dl)9 106.89 � 31.07 4126 108.03 � 32.03 614 0.396

HDL-C(mg/dl)10 46.76 � 11.50 4383 47.39 � 11.94 614 0.188

TSH (mu/l) 2.55 � 1.45 3607 2.53 � 1.45 548 0.794

T3-free (mcg/dl) 4.40 � 5.77 1250 4.34 � 5.10 200 0.183

T4-free (mcg/dl) 13.90 � 2.20 2011 14.17 � 2.35 330 0.042

SBP (mm/hg)11 127.58 � 13.83 4425 127.38 � 14.35 663 0.734

DBP (mm/hg)12 75.92 � 8.25 4425 76.11 � 8.57 663 0.588

Initial dWT13 �2.16 � 4.75 4571 0.67 � 3.74 683 <0.0001

Initial weight change (gained vs. lost < 5%)

Gained 93.5% 2738 6.5% 191 <0.0001

Lost < 5% 78.8% 1833 21.2% 492

1 BMI = body mass index.
2 CHF = chronic heart failure.
3 DM = diabetes mellitus.
4 HTN = hypertension.
5 IHD = ischemic heart disease.
6 HRT = hormonal replacement therapy.
7 TG = triglycerides.
8 TC = total cholesterol.
9 LDL-C = low density lipoprotein cholesterol.
10 HDL-C = high density cholesterol.
11 SBP = systolic blood pressure.
12 DBP = diastolic blood pressure.
13 dWT = percentage of weight loss.

Table 3 – Significant independent predictors for late successful weight reduction from the logistic regression. n = 5254.

Predictor OR (C.I.)

Initial weight change (gained weight)* OR = 3.69 (3.08–4.41)

BMI1 (kg/m2) OR = 1.05 (1.04–1.07)

Number of visits to a dietitian OR = 1.08 (1.04–1.12)

HTN2
* (absence) OR = 0.74 (0.63–0.88)

Insulin* (non-users) OR = 0.50 (0.32–0.77)

Calculated estimation of the likelihood of successful late reduction ln ( p/1 � p) = �4.3 + 0.05 � BMI-0.3 � HTN-0.7 � insulin

use + 0.07 � visits + 1.3 � initial weight change

1 BMI = body mass index.
2 HTN = hypertension.
* Compared with participants who initially lost <5%, with the presence of HTN, and with insulin users, respectively.
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Table 4 – Baseline characteristics of participants categorized to successful and the unsuccessful groups according to
weight maintenance outcomes at final stage of follow-up (after 19.2 W 1.6 months). Data are expressed as percentage for
categorical variables or means W s.d. for continuous variables.

Characteristic Unsuccessful group
(<5% maintenance)

n Successful group
(�5% maintenance)

n p

Age (y) 56.42 � 14.46 270 56.29 � 4.51 450 0.909

BMI (kg/m2)1 33.43 � 5.22 270 34.72 � 5.92 450 0.000

Gender

Female 37.3% 172 62.7% 289 0.888

Male 37.8% 98 62.2% 161

Ethnic group

Arabs 38.8% 52 61.2% 82 0.729

Jews 37.2% 218 62.8% 368

Marital status

Un married 37.0% 74 63.0% 126 0.849

Married 37.8% 196 62.2% 323

Socio economic status

Low 37.0% 94 63.0% 160 0.796

Medium 36.6% 97 63.4% 168

High 39.5% 79 60.5% 121

Smoking status

Never smoked 37.8% 191 62.2% 314 0.244

Former smoker 38.9% 51 61.1% 80

Current smoker 27.1% 16 72.9% 43

Physical activity

Not active 35.2% 87 64.8% 160 0.287

Active 40.4% 69 59.6% 102

CHF2

Absence 37.0% 252 63.0% 429 0.251

Presence 46.2% 18 53.8% 21

Depression

Absence 36.9% 237 63.1% 405 0.353

Presence 42.3% 33 57.7% 45

DM3

Absence 35.6% 144 64.4% 261 0.222

Presence 40.0% 126 60.0% 189

HTN4

Absence 37.8% 144 62.2% 237 0.862

Presence 37.5% 270 62.5% 450

IHD5

Absence 37.1% 222 62.9% 377 0.589

Presence 39.7% 48 60.3% 73

Statin use

Not using 35.0% 162 65.0% 301 0.062

Using 42.0% 108 58.0% 149

Insulin use

Not using 37.0% 253 63.0% 430 0.276

Using 45.9% 17 54.1% 20

Hypoglycemic medication use

Not using 35.6% 200 64.4% 362 0.046

Using 44.3% 70 55.7% 188

Oral contraceptives use

Not using 37.7% 266 62.3% 440 0.486

Using 28.6% 4 71.4% 10

HRT6 use

Not using 37.5% 268 62.5% 446 0.832

Using 33.3% 2 66.7% 4

Glucose (mg/dl) 117.07 � 39.01 262 117.45 � 44.57 439 0.909

TG7 (mg/dl) 156.66 � 81.79 260 160.70 � 84.62 432 0.538
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Table 4 (Continued )

Characteristic Unsuccessful group
(<5% maintenance)

n Successful group
(�5% maintenance)

n p

TC8 (mg/dl) 180.08 � 36.02 260 182.30 � 36.59 432 0.436

LDL-C9 (mg/dl) 105.88 � 30.96 236 104.53 � 29.98 401 0.587

HDL-C10 (mg/dl) 46.67 � 11.14 260 45.94 � 11.30 432 0.413

SBP11 (mm/hg) 126.84 � 14.39 260 128.24 � 14.36 434 0.215

DBP12 (mm/hg) 75.98 � 8.59 260 76.15 � 8.44 434 0.794

T4-free (mcg/dl) 14.13 � 2.11 120 14.00�.18 210 0.593

TSH (mu/l) 2.49�.47 214 2.58 � 1.50 358 0.508

T3-free (mcg/dl) 4.43 � 0.60 81 4.36 � 0.54 133 0.422

The number of visits to a

dietitian during 4 months

of follow-up

1.30 � 1.47 270 1.49 � 1.60 450 0.107

The number of visits to a

dietitian during 7 months

of follow-up

2.14 � 1.93 270 2.41 � 1.93 449 0.070

The number of visits to a

dietitian during all follow

up period

4.38 � 2.93 270 4.92 � 3.06 449 0.019

The number of visits to a

dietitian 1 vs. 32

1 42.1% 72 57.9% 99 0.159

32 36.1% 198 63.9% 350

The time interval between the

first to the second weighing

(in months)

7.36 � 1.67 270 7.05 � 1.57 450 0.014

The time interval between the

first to the fourth weighing

(in months)

19.37 � 1.60 270 19.28 � 1.72 450 0.472

The number of weighings13 3 vs. 4

3 39.6% 105 60.4% 160 0.369

4 36.3% 165 63.7% 290

Initial dWT14 7.45 � 2.92 270 10.53 � 5.34 450 0.000

dWT during short maintenance

period

3.28 � 4.82 165 12.70 � 7.76 290 0.000

1 BMI = body mass index.
7 TG = triglycerides.
3 DM = diabetes mellitus.
2 CHF = chronic heart failure.
4 HTN = hypertension.
5 IHD = ischemic heart disease.
8 TC = total cholesterol.
6 HRT = hormonal replacement therapy.
9 LDL-C = low density cholesterol.
10 HDL-C = high density cholesterol.
11 SBP = systolic blood pressure.
12 DBP = diastolic blood pressure.
13 The number of weighings 3 vs. 4 = the number of weighings during all follow up period.
14 dWT = percentage of weight loss.
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19-month period, who was weighed 4 times during the

follow-up, and who initially did not gain weight is estimated

to have a 46% chance of successful maintenance of reduced

weight;

ln ( p/1 � p) = �3.85 � 0.01 � age + 0.05 � BMI-0.93 � insulin + 0.92

� initial weight change + 0.05 � visits + 0.52 � the number of

weighings

ln ( p/1 � p) = �3.85 + 0.01 � 50 + 0.05 � 30–0.93 � 0 + 0.92 � 1 + 0.05

� 5 + 0.52 � 1 = �0.16

p = 0.46
Please cite this article in press as: Bachar A, et al. Late successful weight
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5. Discussion

Our aim was to identify those factors associated with late

weight reduction success among overweight and obese

patients. The weight reduction outcomes of this sub-group

were rarely (if at all) studied and followed, because of

unsatisfactory initial weight reduction results and the subse-

quent definition of ‘‘failure to reduce weight’’ in the expected

6-month time frame adopted by health organizations. We

defined weight loss success as achieving a 5% reduction of

weight, since recent studies suggest that even such small
 reduction and maintenance among overweight and obese adults—A
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Table 5 – Significant independent predictors for suc-
cessful weight maintenance (after late success) from the
logistic regressions at the end of follow up (n = 3663).

Predictor OR (C.I.)

Initial weight change

(gained weight)*
OR = 2.503 (2.061–3.039)

Number of weightings (4) OR = 1.680 (1.338–2.110)

BMI1 (kg/m2) OR = 1.055 (1.037–1.073)

number of visits to

the dietitian

OR = 1.046 (1.011–1.082)

Insulin* (non-users) OR = 0.316 (0.249–0.628)

Calculated estimation

of the likelihood to

successful maintenance

(after late success)

ln ( p/1 � p) = �3.845 � 0.011 �
age +0.054 � BMI-0.927 � ins

�0.917 � initial weight change

+0.045 � visits+ 0.519 � the

number of weighing

1 BMI = body mass index.
* Compared with participants who initially lost <5%, with 3

weightings, and with insulin users, respectively.
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reductions show positive health outcomes and are more

achievable by the general population. Our retrospective study

included three major stages: weight reduction during the

initial 7.6 months and its maintenance during the first and

second years. We found that the two main significant, strong,

and independent predictors associated with successful late

weight reduction and maintenance among the initial unsuc-

cessful participants were [1] a higher number of visits to a

dietitian and [2] a higher baseline BMI. The importance of

professional guidance for weight reduction and for maintain-

ing achievements is well established [6,7,9,14,16]. Noteworthy

is the continuation of professional support for the initial

unsuccessful weight loss patients, which is crucial to achieve

weight loss success and maintenance later on. In this respect,

we found that even a single visit to a dietitian significantly

contributed to the probability of succeeding in losing a 5% late

reduction of body weight. For example, of the 3322 individuals

who had visited a dietitian at least once during first year of

the follow-up, 14.4% lost � 5% weight, whereas of the 1928

individuals who did not visit a dietitian during that period,

only 10.6% succeeded to achieve this modest loss (p < 0.001). In

completing these findings, also more weighings, conducted by

a qualified professional (dietitian/nurse) are associated with a

higher probability of successfully maintaining weight loss.

Even a gap of one weighing made a difference; the probability

to succeed at that period rose by 68% among participants who

had been weighed 4 times, compared with those with 3

weighings. Previous studies, focusing on successful partici-

pants, reported a positive association between a higher

baseline BMI and weight reduction and maintenance during

short, and long follow-up periods [2,10,12,14,23,33]. However,

there are only a few studies that showed unsuccessful weight

reduction outcomes with elevated baseline BMI [5,16,20]. The

importance of early success (>5% during the first 6 months) as

a strong significant predictor of successful maintenance is

well established [2,12,33,34]. We showed that any weight

reduction success is important; in fact this factor was another

main significant predictor of late reduction and maintenance

and emphasizes the importance of setting a goal of not gaining

weight during the first stage. Our study distinguishes between
Please cite this article in press as: Bachar A, et al. Late successful weight
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two sub-populations of patients that receive medical treat-

ment for diabetes: those who receive oral hypoglycemic

medications and those who use insulin. We found that insulin

use specifically contributes significantly to unsuccessful late

reduction and maintenance. It is well established that

patients with diabetes, who receive insulin gain weight

[15,31,38]; also the use of some oral drugs such as sulfonylur-

eas, thiazolidinediones, and glinides were associated with

weight gain [32]. Our findings emphasize that, unlike insulin

use, the use of oral hypoglycemic medications should not be

regarded as a risk for unsuccessful weight loss; this finding

has clinical significance and should be of special interest.

Further research with more detailed information on the type

of medication used to treat patients with diabetes is needed to

clarify its association with weight reduction outcomes.

Another aspect of our outcomes is the presence of HTN.

We report, to the best of our knowledge, for the first time, that

the presence of HTN is associated with unsuccessful late

weight reduction. In our study, 51.8% of hypertensive

participants were treated with beta-blockers; this could

explain part of the novel finding of our research. One known

side effect of beta-blockers is weight gain, and several

potential mechanisms were suggested that mediate this

effect, including reduction in REE, inhibition in lipolysis, and

reduction in thermogenesis [36]. Although a large percentage

of overweight and obese patients are hypertensive, the effect

of hypertension on weight reduction has hardly been

investigated. Our data imply that patients diagnosed with

HTN have lower chances to succeed in weight reduction and

require greater medical and nutritional attention. Since we

did not collect detailed data on the medical treatment of

hypertensive individuals, further research is needed to clarify

this point. Our study, though based on a large cohort, did not

identify gender, ethnic background, age, or socioeconomic

status as significant predictors associated with late weight

loss and maintenance. Further research is needed to clarify

those aspects. As in other retrospective design studies, the

present one has several limitations [39] including the fact that

not all the participants were willing to lose weight, although

they were instructed to do so by their doctor or nurse in order

to meet quality measures and to improve their health. Other

limitations included a high rate of attrition, as well as

undetailed data concerning the type and the intensity of the

physical activity. Smoking habits and physical activity were

assessed based on self-reports by the participants. Additional

factors were undetailed data regarding pharmacological

treatment that was given to hypertensive and participants

having diabetes, subjective personal differences in counsel-

ing, psychological characteristics, and other confounders,

which could interfere with the outcomes. Our study’s major

strength lies in its large sample size, embracing different

segments of the Israeli population as well as a long list of the

variables available for analysis. Our large sample also allowed

us to study an interesting and unresearched population of

overweight and obese people who try to lose weight, fail to do so

during the first 6 months, but eventually succeed to lose weight

and maintain it for a long term. Body weight was measured and

was not based on self-reports. Finally, the design of this study

imitates ‘‘real life’’, and therefore our findings enables us to

customize our treatment strategies for a patient, taking into
 reduction and maintenance among overweight and obese adults—A
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consideration the basic features, behavioral characteristics,

and the initial weight reduction outcomes.

In conclusion, for those individuals who initially lose < 5%,

professional support, and more weighings are important

controllable factors that should be taken into consideration

in order to raise their probability to eventually succeed in weight

reduction and in maintenance procedures. Special efforts

should be made with older, less heavy, hypertensive patients

and those who receive insulin treatment, because these

physiological states lower their probability to achieve success

with late weight reduction. Thus, providing them with more

visits to a dietitian and inviting them to be weighed more often

(preferably by a dietitian, but by a certified nurse as well), could

raise their chances to succeed with a late weight reduction,

which is crucial for successful maintenance. Of particular

interest is to set a goal of not gaining weight at the beginning of

the weight reduction procedure and, if possible, to begin a

reduction process (any reduction), rather than gaining weight,

which will dramatically raise the chances of late success and

maintenance. It is also important to note that for hypertensive

patients and for those who receive insulin, gaining weight

during the first stage lowers their chances to succeeding to zero.

Successful weight reduction and maintenance remains a

challenge, particularly among people who initially fail to lose

weight. Our large long-term research, with a special analysis of

the unsuccessful group, might contribute to a broader under-

standing of those factors influencing the outcomes, and might

be of use in treating overweight and obese people in the

community.
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