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Objective: It is unclear whether all obese individuals should be prescribed weight loss (WL) treatment.

The effect of a clinically significant WL of 5% on metabolic factors among metabolically normal and

abnormal overweight and obese (MNO and MAO) individuals was examined.

Design and Methods: The sample included 392 overweight and obese adults from the Wharton Medical

Clinic. MAO was defined as having one or more clinically relevant aberrations in glucose, triglycerides,

blood pressure (BP), high-density lipoprotein-C, low-density lipoprotein-C, preexisting, or current

medication use for metabolic conditions.

Results: Of the 392 patients, 21.2% of the sample was MNO at baseline and 41.3% of the sample

attained a 5% WL. Regardless of initial metabolic health status, improvements in most risk factors were

observed with a 5% WL in comparison with those who did not lose weight. Even MAO patients who did

not achieve a 5% WL still significantly improved BP and cholesterol over the treatment period.

Conclusions: A clinically significant WL is beneficial for the cardiometabolic risk profile of both MNO and

MAO. However, a 5% WL is not necessarily required to improve the cardiometabolic risk profile of MAO.

Thus, lifestyle-based WL provides beneficial metabolic effects for all overweight and obese individuals,

particularly those with significant metabolic aberrations.
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Introduction
There has been a growing literature suggesting the presence of a

subgroup of obese individuals whom appear to be protected against

metabolic and cardiovascular complications, despite having exces-

sive levels of body fat (1-4). These metabolically normal, yet obese

(MNOB) individuals exhibit normal blood pressure (BP), high levels

of insulin sensitivity, normal blood glucose, and a favorable lipid

profile (4,5). Current guidelines for obesity management recommend

weight loss (WL) for all obese individuals and overweight individu-

als with comorbidities. It has been well-established that a 5-10%

reduction of initial body weight (BW) can improve metabolic health

in metabolically abnormal obese (MAOB) (6-8), however, whether

or not WL can further benefit the healthy profile of metabolically

normal overweight or obese (MNO) remains unclear. The few stud-

ies that have examined the effects of WL in MNOB and MAOB

report conflicting results (9-12). Most of the studies reported no

measurable effect in the cardiometabolic risk profile of MNOB,

whereas one study reported a deterioration in insulin sensitivity

following a 10% BW reduction in MNOB subjects (12). As a

result, the appropriateness of a prescription of WL for overweight

and obese individuals without metabolic risk factors remains contro-

versial, and further research is warranted. Therefore, the purpose of

this study was to examine the differential effects of WL on the

cardiometabolic risk profile among metabolically normal and abnor-

mal overweight and obese individuals.

Methods and Procedures
Study population and database
We evaluated 392 overweight and obese adults (age 18-88 years)

attending the Wharton Medical Clinic (WMC), which is a referral-

based specialist clinic designed to educate overweight and obese

patients about weight management, and enables patients to imple-

ment strategies to improve their health. It operates according to the

principles outlined in the National Institutes of Health Clinical

Guidelines on the Identification, Evaluation, and Treatment of
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Overweight and Obesity in Adults (13) and the Canadian Clinical

Practice Guidelines for the Treatment of Obesity (6). All patients

require family or specialist physician referral to participate in the

weight management program. The clinic operates within the Ontario

Health Insurance Plan and all services including physician visits,

nutritional consultations, exercise prescription, diagnostic testing,

standard and indicated blood work, and educational group sessions

are provided at no charge to the patient. A sample of 8,579 men and

women patients initiating weight management treatment at the WMC

between 2008 and 2012 were recruited from three clinical centers

located in Hamilton, Burlington and Halton, Ontario consented to be

included in this research study. Those who had bariatric surgery (n ¼
50), were <18 years (n ¼ 5), had a BMI <25.0 kg/m2 (n ¼ 11) and

who attended the clinic for less than 3 months or had less than 3 vis-

its to the clinic (n ¼ 3,789) were excluded from the analyses. Indi-

viduals with missing BMI (n ¼ 40) and who did not have repeat

measures of all metabolic parameters (fasting plasma glucose [FPG],

triglycerides [TG], BP [systolic-BP and diastolic-BP], high-density

lipoprotein-C [HDL-C], low-density lipoprotein-C [LDL-C]) (n ¼
4,283) were also excluded. Patients with extreme values of weight

change (<1 percentile or >99 percentile) were considered outliers

and excluded from the analyses (n ¼ 9) leaving a final sample size

of 392 men and women. Due to an error the incorrect informed con-

sent form was used, but written consent was provided for the use of

their medical data for research purposes. Patients were informed that

their participation would not alter treatment and that they could with-

draw consent at any time without influencing their treatment. Access

to participants and medical data was facilitated by a research collabo-

ration between WMC and York University. The York University

Institutional Review Board approved the study protocols used.

WMC program protocol
At the initial visit, patients completed a comprehensive medical his-

tory questionnaire, which included demographics, education level,

ethnicity, household income, medications in use, family history,

health conditions, health behaviors, and WL history. Trained person-

nel manually measured patients’ BP, height using a wall mounted

tape measure (McArthur Medical Sales, Inc., ON) to the nearest 0.1

cm, and BW with MedWeigh MS-2510 Digital High Capacity Plat-

form Scales (Itin Scale Co, Inc., NY) to the nearest 0.1 kg. There-

after, patients attended an introductory educational workshop that

explained the WMC weight management program and the dietary

intervention. Afterwards, bariatric educators (BE) provided one-on-

one education on nutrition and weight management support by

discussing weight goals with patients, educating them on meal plan-

ning and implementation, and encouraging resistance and aerobic

exercises in their lifestyle under the guidance of a physician. A med-

ical doctor (MD) examined the patient, reviewed the patients’ BP

results and medical history for obesity-related complications, such

as diabetes and sleep apnea, and prescribed medication, if required.

At the second visit, a calorie restricted meal plan of approximately

500-1,000 calories below the patient’s baseline daily caloric needs

was administered using a calculated RMR (14,15). The measured

RMR was performed by indirect calorimetry, using the CardioCoach

metabolic cart (Korr Medical Technologies, Inc., UT), using standar-

dized testing procedures. The measured and calculated RMR were

used to prescribe the individualized meal plan caloric targets, and

RMR measures were repeated at the physician’s discretion. The

rationale and explanation of the meal plan recommendations were

provided in a second educational workshop.

Between the initial and third visit, patients underwent standard

blood work, cardiac testing, exercise stress testing, and indirect

calorimetry, in no particular order, as indicated by the physician.

Blood work was performed at certified medical laboratories using

standard procedures and repeated at the discretion of the MD. A

baseline electrocardiogram used to assess heart function at rest and

during an exercise stress test was completed in most patients. An

exercise stress test, when indicated, was ordered prior to any physi-

cal activity recommendations to assess cardiorespiratory fitness so

that patients could be provided tailored exercise advice and/or to

identify those at risk of cardiovascular events with physical activity.

At the third visit, a MD reviewed the patients’ diagnostic test results

to determine other health conditions or reasons for weight issues

and to determine if specific testing needed to be repeated or if other

testing was required.

At each visit, patients’ BP and BW were measured and they attended

a lifestyle intervention-related workshop. In addition, patients met

with the MD and BE to review medications and to follow-up on any

previous or current health conditions, WL progress, exercise regime,

and prescribed meal plan. Furthermore, patients were encouraged to

perform additional weekly self weigh-ins and to attend additional

health education sessions administered by MDs, dietitians, behavioral

therapist, and exercise specialists. Approximately, 20 educational ses-

sions on various weight management topics were offered each month.

Data collection
Age, sex, treatment duration, medication use (type 2 diabetes, BP,

lipid) and a self-reported physician diagnosis of type 2 diabetes,

hypertension and hyperlipidemia were retrieved from patient

electronic charts. Anthropometrics measured at baseline were used to

calculate BMI as weight in kilograms (kg) per meter (m) squared. At

each visit, BW was assessed to track weight changes. Percent weight

reduction was calculated using the following equation: [((initial BW -

final BW)/initial BW) � 100]. A clinically significant WL was

defined as a 5% and 10% reduction in initial BW.

Definition of metabolically normal and abnormal
overweight and obese
The criteria used to define MAO were as follows: fulfilling one or

more of the risk factor sets (1) FPG �7.0 mmol/l (16), doctor diag-

nosed type 2 diabetes, or medications used to treat high FPG; (2)

TG �2.26 mmol/l (17), doctor diagnosed hyperlipidemia, or medica-

tions used to treat high TG; (3) BP: systolic BP �140 mmHg,

diastolic BP �90 mmHg (18), doctor diagnosed hypertension, or

medications used to treat high BP; (4) HDL-C <1.04 mmol/l (17);

(5) LDL-C �4.14 mmol/l (17). Otherwise if none of the risk factor

sets were present, the patient was categorized as MNO.

Statistical analyses
Patient characteristics and baseline metabolic variables were pre-

sented as means 6 SD stratified by whether a clinically significant

WL was attained (�5% vs. <5%) and health status (MNO and

MAO). Group differences in participant characteristics and baseline

metabolic values were assessed using an analysis of variance for
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continuous variables and chi-square tests for categorical variables.

Paired t-tests were conducted to examine differences from baseline to

final visit in metabolic risk, within each metabolic health status by

WL group. Thereafter, a repeated measures analysis of covariance

was conducted to examine differences by 5% WL within each meta-

bolic risk strata while considering age, sex, BMI, treatment time, and

each respective baseline measure (FPG, TG, systolic BP, diastolic

BP, HDL-C, or LDL-C). There was no significant WL � sex interac-

tion. Therefore, analyses were collapsed across men and women.

The likelihood of having MNO status or developing an additional

metabolic risk factor at follow-up in individuals who did and did

not achieve a 5% WL was examined using multivariable logistic

regression, with and without adjustment for age, sex, BMI, treatment

duration, and the number of metabolic risk factors at baseline. Sta-

tistical significance was set at P < 0.05. All statistical analyses

were performed using SAS 9.2 (SAS Institute, Inc., Cary, NC).

Results
Sample characteristics
Briefly, the study sample was predominantly female (80%; n ¼
312), middle age (53.6 6 12.3 years) and class 3 obese (BMI ¼
40.5 6 7.6 kg/m2). On average, patients attended the clinic for 13.8

6 8.9 months and made 15.0 6 10.1 visits. About a fifth of the

sample (21%; n ¼ 83) was MNO at baseline, and more than a third

of the sample attained a 5% WL (41.5%; n ¼ 163). Among the

MNO patients at baseline, only 7 (8%) were overweight and only 14

(4%) of MAO patients at baseline were overweight. Participant char-

acteristics at baseline, stratified by whether they attained a 5% WL

are shown in Table 1. Among patients who did not have a 5% WL,

MNO patients were younger, weighed less at baseline, had a smaller

waist circumference and attended the clinic for a shorter duration in

comparison with MAO patients (P < 0.05). MNO patients who

attained a 5% WL were older, attended and visited the clinic more

often and had a higher baseline systolic BP in comparison with

MNO who did not lose 5% of their BW (P < 0.05). MAO patients

with a 5% WL had a higher baseline diastolic BP than MAO who

did not attain a 5% WL (P < 0.05).

Metabolic health profile and a clinically
significant WL
When using clinical cutoffs, 21.2% (n ¼ 83) of patients had zero risk

factors at baseline and 53.6% (n ¼ 210) had zero risk factors at

follow-up (Figure 1). Comparatively, when using sub-clinical cutoffs

(FPG �5.6 mmol/l; TG �1.69 mmol/l; BP: systolic BP �130 mmHg,

diastolic BP �80 mmHg; HDL-C: men <1.04 mmol/l, women <1.29

mmol/l; LDL-C �3.37 mmol/l), the prevalence of MNO with zero

TABLE 1 Baseline WMC patient characteristics stratified by 5% WL and metabolic health status

Sample

characteristics

(N ¼ 392)

No 5% WL 5% WL

MNO MAO MNO MAO

Prevalence n (%) 49 (12.5%) 181 (46.2%) 34 (8.7%) 128 (32.6%)

Age (years) 43.7 6 9.8 54.7 6 11.6a 52.7 6 13.7b 46.0 6 12.2

Weight (kg) 102.2 6 19.4 115.0 6 27.0a 106.6 6 17.7 112.4 6 24.5

BMI (kg/m2) 37.5 6 6.6 41.2 6 7.8a 39.2 6 6.1 41.1 6 7.6

Waist circumference (cm) 111.7 6 18.9 123.1 6 17.0a 115.3 6 12.2 120.2 6 16.4

Treatment time (months) 10.5 6 9.0 13.6 6 9.4a 16.6 6 8.6b 14.5 6 7.8

Number of visits 10.4 6 5.8 14.0 6 9.9a 18.8 6 12.6b 17.0 6 10.2c

Weight loss (kg) �0.2 6 3.4 �1.1 6 3.1 �10.1 6 4.6b �11.4 6 5.6c,d

Percent weight loss �0.1 6 3.3 �0.9 6 2.7 �9.7 6 4.8b �10.3 6 4.8c

Baseline metabolic values

FPG (mmol/l) 5.2 6 0.6 6.1 6 1.4a 5.2 6 0.4 6.1 6 1.5d

TG (mmol/l) 1.12 6 0.47 1.62 6 0.68a 1.14 6 0.42 1.65 6 0.81d

SBP (mmHg) 118 6 11 133 6 14a 123 6 7b 134 6 14d

DBP (mmHg) 74 6 7 79 6 10a 76 6 7 81 6 9c,d

HDL-C (mmol/l) 1.35 6 0.25 1.20 6 0.31a 1.42 6 0.24 1.25 6 0.35b

LDL-C (mmol/l) 2.94 6 0.59 2.80 6 1.02 2.97 6 0.68 2.80 6 0.97

Sex

Female 47 (95.9%) 135 (74.6%) 30 (88.2%) 100 (78.1%)

Male 2 (4.1%) 46 (25.4%) 4 (11.8%) 28 (21.9%)

Data presented as the group means 6 SD and prevalence (%).
DBP, diastolic blood pressure; FPG, fasting plasma glucose; MAO, metabolically abnormal overweight and obese; MNO, metabolically normal overweight and obese; SBP,
systolic blood pressure; TG, triglyceride; WL, weight loss.
aDifference by metabolic status within no 5% WL, P < 0.05.
bDifference by 5% WL within MNO, P < 0.05.
cDifference by 5% WL within MAO, P < 0.05.
dDifference by metabolic status within 5% WL, P < 0.05.
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risk factors was only 3.6% (n ¼ 14) of patients at baseline and

increased to 11.2% (n ¼ 44) of patients following treatment.

Attaining a 5% WL was not associated with a significantly different

risk of attaining a MNO status following treatment compared with

those who did not attain a 5% WL (P > 0.05; Table 2). However,

patients with a 5% WL were 35% less likely to develop an additional

metabolic factor at follow-up (unadjusted OR ¼ 0.65, 0.44-0.96) as

compared with those who did not lose weight. This association

remained significant after adjusting for age, sex, BMI, treatment time,

and the number of high risk factors at baseline (OR ¼ 0.65, 0.42-1.00,

P ¼ 0.05). Similar results of attaining MNO status and developing an

additional risk factor at follow-up with a 5% WL were observed when

only MAO at baseline were considered (data not shown).

Cardiometabolic risk factors with and without a
clinically significant WL
Both MNO and MAO patients who attained a 5% WL, significantly

improved most of their metabolic risk factors from baseline to final

visit, particularly MAO (P < 0.05; Figure 2). MAO patients who did

not achieve a clinically significant WL improved systolic BP, HDL-

C, and LDL-C with treatment (P < 0.05). Conversely, MNO patients

who did not achieve a clinically significant WL observed an increase

in their TG levels with treatment (P < 0.05). MNO patients with a

5% WL had a significantly greater improvement in TG (5% WL: -

0.03 6 0.07 vs. 0.14 6 0.07 mmol/l, P < 0.01) and HDL-C (5%

WL: 0.08 6 0.03 vs. -0.015 6 0.03 mmol/l, P < 0.01) than MNO

patients who did not lose weight even after adjusting for age, sex,

BMI, treatment time, and each respective baseline measure (FPG,

TG, BP, HDL-C, or LDL-C). In the adjusted model, MAO individu-

als with a 5% WL had a significantly greater improvement in FPG

(5% WL: -0.16 6 0.09 vs. 0.07 6 0.09 mmol/l, P ¼ 0.04), TG (5%

WL: -0.19 6 0.05 vs. -0.02 6 0.05 mmol/l, P ¼ 0.002), systolic BP

measures (5% WL: -8 6 1 vs. -4 6 1 mmHg, P ¼ 0.006), diastolic

BP measures (5% WL: -4 6 1 vs. -2 6 1 mmHg, P ¼ 0.007), and

HDL-C (5% WL: 0.05 6 0.01 vs. 0.02 6 0.01 mmol/l, P ¼ 0.05),

relative to MAO individuals who did not lose weight.

Discussion
The primary finding of this study is that a clinically relevant WL of

5% of initial BW resulted in significant improvements in MNO and

MAO metabolic profiles. Interestingly, even MAO patients who did

not achieve a 5% WL still significantly improved several metabolic

risk factors despite not losing a clinically relevant amount of BW.

Our metabolic improvements of 8 mmHg in systolic BP and 2 mmHg

in diastolic BP are related to a 15-39% theoretical reduction in CVD

mortality (19), while our HDL-C increase of 0.08 mmol/l is associ-

ated with a theoretical 8% reduction in CVD mortality in men and

women (20). These findings demonstrate the beneficial health effects

of using lifestyle-based modifications to resolve metabolic risk factors

for overweight and obese individuals, particularly those with signifi-

cant metabolic aberrations.

There has been growing evidence to support the presence of a subset

of ‘‘healthy obese" individuals who appear to be protected against

metabolic and cardiovascular complications, despite having excessive

levels of body fat. However, there has been conflicting data concern-

ing the future health risk of this subgroup of obese individuals. It is

unclear whether all obese individuals should be prescribed WL treat-

ment and whether all obese will uniformly benefit from WL treat-

ment. To date, there are only a few studies that have compared the

effects of WL in MNOB and MAOB subjects (9-12). Two studies

observed that despite similar WLs among MNOB and MAOB by diet

or exercise, only MAOB had significant improvements in the lipid

profiles, with no measurable effect on cardiometabolic risk measures

of MNOB subjects (9,10). Similarly, an exercise and diet intervention

by Janiszewski and Ross (11), demonstrated greater metabolic

improvements in MAOB patients in comparison with MNOB patients,

independent of sex. The final study, a 6-month energy restricted diet

intervention, by Karelis et al. (12) also resulted in a 26% improve-

ment in MAOB; however, unlike the previous studies that report no

effect of WL in MNOB, this study demonstrates an unfavorable 13%

deterioration in insulin sensitivity in MNOB individuals. This is the

lone study to unexpectedly suggest a potentially harmful effect of WL

for MNOB. This study is the largest to date to examine the differen-

tial effects of WL in MNO and MAO using a behavioral lifestyle WL

FIGURE 1 Prevalence of number of metabolic risk factors at baseline and following
treatment.

TABLE 2 Likelihood of MNO profile at follow-up by WL status

OR (95% CI)

unadjusted

OR (95% CI)

adjusted

MNO profile following treatment

No 5% WL 1.00 1.00

5% WL 1.36 (0.91-2.04) 1.29 (0.80-2.10)

One more risk factor following treatment

No 5% WL 1.00 1.00

5% WL 0.65 (0.44-0.96) 0.65 (0.42-1.00)

Adjusted for sex, age, BMI, treatment duration, and the number of high risk
factors.
MNO, metabolically normal overweight and obese; OR, odds ratio; WL, weight
loss.
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approach. While our results are similar to previous studies in that we

observed marked improvements in the MAO profile, our study

extends previous observations, and suggests that lifestyle modifica-

tion is beneficial for improving metabolic risk regardless of whether a

clinically relevant WL of 5% was achieved. To this end, our findings

are in line with the clinical treatment guidelines that support WL as

beneficial for overweight and obese patients, regardless of their

current metabolic health status.

Currently, there is no standardized definition for MNOB. Some authors

use sub-clinical thresholds based on the National Cholesterol Educa-

tion Program’s Adult Treatment Panel III metabolic syndrome criteria

(1,2,4), while others use insulin sensitivity cutoffs (3,21) to define

MNOB. As a result, the prevalence of MNOB can vary greatly from as

many as 30-40% of the obese population (2,3,22-25) to as few as 6%

depending on the definition used (1). In this study, we used clinical

accepted cutoffs to define metabolic health status. If we had used sub-

FIGURE 2 (A–F) Metabolic parameter changes in MNO and MAO subjects in response to presence and absence of 5% WL: (A) glucose, (B)
triglycerides, (C) systolic BP, (D) diastolic BP, (E) HDL-C, and (F) LDL-C. Adjusted for baseline metabolic parameter, sex, age, BMI, and
treatment duration. MNO, metabolically normal overweight and obese; MAO, metabolically abnormal overweight and obese; WL, weight loss;
BP, blood pressure. *Significantly different within group change from baseline, P < 0.05. †Significantly different from no 5% WL within meta-
bolic strata, P < 0.05. There were no significant WL � metabolic strata interactions for all metabolic parameters, P > 0.05.
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clinical cutoffs, the prevalence of MNO would have been drastically

reduced (3.6% vs. 21.2% at baseline). Using clinically relevant cutoffs

to describe MAO ensured that these individuals were clearly at

increased risk for negative outcomes and could benefit from WL.

However, this also meant that our MNO may not have been at optimal

health as even subclinical elevations in FPG, BP, LDL-C, and HDL-C

have been reported to be associated with increased mortality risk (26).

Nevertheless, this approach was more in line with the recommenda-

tions of the NHLBI Guidelines for the Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults (13).

One point of debate in the literature is whether or not MNOB indi-

viduals are at an increased risk for future negative health outcomes,

such as cardiovascular disease and mortality. Some report that cardi-

ovascular mortality risk in MNOB is similar to that observed in nor-

mal weight individuals (27). Conversely, others studies report simi-

lar elevated cardiovascular disease (28) and mortality risk (1,28)

among MNOB and MAOB individuals. This, along with our data is

in support of the current US obesity treatment guidelines that recom-

mend WL for all obese patients regardless of their metabolic profile.

Nevertheless, the potential benefits of WL need to be weighed

against the potential negative effects of repeated failed WL mainte-

nance (29-31), as less than 10% of individuals who lose weight are

able to maintain their losses for more than a year (32).

The strengths and limitations of this study warrant mention. This

study was conducted in a sample from the communities of Hamil-

ton, Halton and Burlington, Ontario, Canada. Further, there was a

lack of data on ethnicity and socioeconomic status, thus it is

unknown if the results of the study are generalizable to other popu-

lations. This study is the largest to date to compare the effects of

WL in MNO and MAO men and women. The WMC operates under

the Ontario Health Insurance Plan therefore the services are free of

charge to the patient, thus making it accessible to a wider range of

socioeconomic status. However, our participant pool may have been

subject to self-selection or volunteer bias. Further, it should be men-

tioned that participants included in the analyses had devoted a con-

siderable amount of time to the WMC clinic (at least 3 months or at

least three visits). Although purely speculative, our patient popula-

tion may have been more concerned about their health and losing

weight, in comparison to patients who discontinued treatment, as we

do not know the reasons that led them to discontinue treatment at

the clinic.

In summary, we suggest that a clinically significant WL of 5% using

a lifestyle-based approach is beneficial to the cardiometabolic profile

of MAO and MNO individuals. However, the positive lifestyle

modifications associated with attempting to lose weight may be

associated with improvements in metabolic health in MAO even in

the absence of WL.O
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