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The following text provides explanations for the correct and incorrect answers to the 18-knowledge based questions in Additional_File_3 – Medical Student Knowledge Questionnaire. These explanations were embedded into the Qualtrics survey itself, the platform we used to disseminate our survey.
These explanations were offered to participants after they finished entering all responses to the survey. They were optional, that is, upon being given the option to read these explanations, participants may have chosen to do so, or they may have chosen to exit the survey. The intent behind these explanations was to provide interested students the opportunity to learn more about obesity management in clinical practice, and to provide students with personalized feedback on their performance of the questionnaire they had just completed.


1. Which of the following best characterizes people with obesity (BMI ≥ 30 kg/m2) compared to normal-weight individuals?

A. A lower resting metabolic rate (RMR)

B. Lower total energy expenditure (TEE) during physical activity given similar intensity and duration

C. A higher total energy expenditure (TEE)

D. A decrease in carbohydrate metabolism

Option A is incorrect. Although it was historically thought that obesity may be driven by lower RMR resulting in an energy surplus and thus weight gain, more recent studies do not support this hypothesis. Numerous recent studies have found that obesity is actually associated with a higher RMR, the rationale being that increased fat body mass produces a compensatory increase in Fat-Free Mass (FFM) tissue, such as brain, skeletal muscle, and bone, which is highly metabolically demanding [1-3]. In short, a greater body mass requires more calories in order to function at baseline, so people with obesity typically have a higher RMR than non-obese people. Carneiro et al.’s (2016) review article offers a good summary of the recent literature [1, 4].

Option B is incorrect, for similar reasons as Option A - during physical activity of similar intensity and duration, a person with obesity requires more energy than a person without obesity, as their skeletal muscles is put under greater metabolic demands to move the increased FFM tissue and Fat Mass (FM) tissue. Interestingly, this is an absolute difference only; when adjusting for increased FFM and FM, obese and non-obese individuals have similar relative TEE during physical activity. In summary, having obesity is associated with higher absolute TEE during physical activity [4, 5].

Option C, "A higher total energy expenditure" is the correct answer, since it is the only answer that universally characterizes individuals with obesity. The increased metabolic demands of greater FFM and FM in individuals with obesity results in a higher total energy expenditure [1].

Option D is incorrect – the opposite is true. Obesity is associated with increased carbohydrate metabolism at rest, especially in the case of high-carbohydrate diets. Increased carbohydrate metabolism is driven by increasing insulin resistance characteristic of individuals with obesity [6].


2. Which of the following is correct in terms of total energy expenditure (TEE) and resting metabolic rate (RMR)?

A. Degree of fat-free mass (FFM) is crucial for RMR

B. RMR is not affected by gender, age or BMI

C. RMR accounts for approximately 50% of TEE in inactive individuals with obesity

D. Exercise-induced energy expenditure accounts for approximately 50% of TEE in inactive individuals with obesity

Option A is correct. Degree of Fat Free Mass (FFM) is crucial for determining Resting Metabolic Rate (RMR), since the FFM compartment is composed of metabolically demanding tissue such as brain, skeletal muscle, and bone [3].

Option B is incorrect. Resting Metabolic Rate is affected by gender, age, and BMI. Male children and adolescents have higher RMR compared to females, although RMR does not differ between male and female adults [7]; RMR decreases with age, almost linearly [8]; and a higher Body Mass Index (BMI) is associated with higher RMR [1].

Option C is incorrect. Resting Metabolic Rate is well-established as the largest single factor of Total Energy Expenditure and is estimated at between 50-75%. Normal-weight individuals engaging in daily physical activity have an RMR closer to 50%, while obese individuals have an RMR closer to 75% [1, 9].

Option D is incorrect. Given that RMR accounts for approximately 70% of TEE in obese individuals, no other factor can account for more than 30% of TEE. In addition, the population in the question is ‘inactive’ individuals with obesity, which implies that Exercise-induced Energy Expenditure (EEE) would be low. For an individual with obesity, EEE is likely to constitute around 27% of TEE [10].


3. Which of the following is considered to be the main reason for an increase in obesity?

A. Lack of self-control

B. Genetics

C. Genetic predisposition in addition to inactivity and overabundance of food

D. Increasing use of medications that can lead to weight gain

E. Endocrine causes

Option A is incorrect. Although there is research supporting the idea that self-control is an individual difference variable which may influence eating behaviours [11, 12], “self-control” is difficult to quantify, and is not considered to be one of the larger contributing factors. Given the complex physiological processes that govern weight loss and weight gain, there is scientific consensus that ‘lack of self-control’ is unlikely to be the main reason for increasing rates of obesity [13].

Option B is incorrect. Although genetics play a significant role in the development obesity, genetics alone cannot be considered the ‘main’ reason, when compared to Option C, “genetic predisposition in addition to inactivity and overabundance of food” [14].

Option C is correct. Genetic predisposition plays a significant role in the development of obesity [14], but the fundamental cause of obesity is greater energy intake than energy expenditure over an extended period of time – in other words, a net calorie excess [13]. Genetic predisposition for obesity can promote excess weight via hormonal, behavioural, biological, and other mechanisms; inactivity results in lower Total Energy Expenditure, and an overabundance of food results in higher total calories, both of which increase the likelihood of a net calorie excess and subsequent weight gain. Overabundance of food and increasing inactivity due to evolutionarily unprecedented population-level changes in dietary habits, food sources, and income, are thought to play a significant role in the increasing rates of obesity worldwide [13].

Option D is incorrect. Although obesogenic medications can play a role in weight gain, they are not considered to be the main factor in increasing rates of obesity [15]. Obesogenic medications exercise their effects via cellular pathways that influence behavioural or metabolic outcomes. Regardless, the root cause of obesity – net calorie excess – cannot be directly caused by an obesogenic medication.

Option E is incorrect. Although the Endocrine system plays a major role in the homeostatic regulation of energy intake and expenditure, abnormalities in the functioning of the Endocrine system implied by “Endocrine causes” (such as hypogonadotropic hypogonadism) are relatively rare, typically produce severe obesity, and constitute only a small fraction of total cases of obesity [13].


4. Weight gain (WG) after a period of weight loss (WL), is one of the most profound challenges in obesity management. Which of the following alternatives represents the most likely contributor?

A. Reduction in motivation and lack of compliance

B. Reduction in resting metabolic rate (RMR) and a decrease in energy expenditure related to physical activity

C. Increase in hunger sensation and a decrease in satiety due to physiological adaptations to appetite control systems

D. All of the above

Option A, alone, is incorrect. Reduction in motivation and lack of compliance to a weight loss regimen following a period of weight loss does promote weight re-gain [12, 16], but this behavioural factor is only one contributor to weight re-gain.
 
Option B, alone, is incorrect. Although there is a reduction in resting metabolic rate and a decrease in energy expenditure during physical activity following weight loss [2, 17], this shift in energy homeostasis is only one factor contributing to weight re-gain.

Option C, alone, is incorrect. As in Options A and B, the statement is true. Following a period of weight-loss, a combination of hormonal, metabolic, and neural inputs act on CNS circuits in the brain, predominantly the Hypothalamus, to increase appetite and decrease satiety [18]. Examples of these regulators include hormones such as leptin, cortisol, and insulin, metabolites such as glucose, and vagal input from gut distension [13]. Nonetheless, these physiological adaptations to appetite control systems are only one factor contributing to weight re-gain.

Option D is correct. Behavioural (Option A), Homeostatic (Option B), and Physiological (Option C), factors all contribute to weight re-gain following a period of weight loss.


5. Which diagnostic criterion regarding obesity represents the current standard?

A. Body Mass Index (BMI)

B. Presence of comorbidities

C. Body composition (fat-free mass vs. fat mass)

D. Amount of visceral adipose tissue (VAT)

Option A is correct. BMI is the most widely-used diagnostic criterion for obesity and represents the current standard. BMI is calculated by weight/height2 (in kg/m2). The term “overweight” is commonly used to describe individuals with a BMI between 25-29.9. A BMI of 30 is considered the threshold for “obesity” in both men and women [13].

Option B is incorrect. Presence of comorbidities is not considered in the diagnostic criterion for obesity, although some studies find that the presence of comorbidities increases the probability of diagnosis and documentation of obesity in clinic and inpatient settings [19, 20].

Option C is incorrect. Fat Free Mass (FFM) and Fat Mass (FM) are predominantly used in determining Total Energy Expenditure (TEE), and for calculations involving Resting Metabolic Rate (RMR). Although calculation of FFM and FM can be used as a metric for obesity, it is not currently used as the diagnostic standard.

Option D is incorrect. Visceral Adipose Tissue (VAT) is one of the two compartments of total body fat (the other being Subcutaneous Adipose Tissue; SAT). VAT is a hormonally active tissue and is predominantly involved in energy storage and regulation. While the inappropriate accumulation of VAT is defined as Central or Abdominal obesity, measuring VAT alone does not provide a broad enough diagnostic criterion for obesity [21].



6. When diagnosis obesity in children, which of the following tools is considered to be the best one to use?

A. BMI curve

B. Waist-to-hip ratio

C. Iso-BMI curve

D. Percentiles

Option A is incorrect. A BMI curve is used to diagnose obesity in adults [22]. The age-and-sex-adjusted Body Mass Index (Iso-BMI) is a more precise tool than BMI for diagnosing obesity in children.

Option B is incorrect. Waist-to-hip ratio (WHR) is the ratio of the circumference of the waist to the circumference of the hips. WHR is one of three measures of central obesity, the others being waist circumference and waist-to-height ratio [23]. In adolescents, WHR is more weakly correlated with percentage body fat than is BMI, making WHR a less useful tool than BMI for diagnosing obesity in adolescents [24], although WHR plays an important role in diagnosing adult obesity [25]. Some studies support WHR as being a better predictor of cardiovascular events than BMI [26], however there is no consensus in the literature that among the 3 measures of central obesity and BMI, any one is the best predictor of future cardiovascular events [23].

Option C is correct. Iso-BMI is an age-and-sex-adjusted Body Mass Index used for the pediatric population aged 2-18 years [27]. Cole and colleagues [28] first established threshold values for pediatric obesity in 2000, as part of the International Obesity Task Force (IOTF). The IOTF values have since been accepted as the best tool for diagnosing obesity in children, and the term Iso-BMI curve has become used to refer to these pediatric tables.

Option D is incorrect. “Percentiles” implies threshold values on some continuous measure, such a BMI percentiles. BMI percentiles are uniformly used to diagnose obesity in children, although the variety of different reference data sets used worldwide gives rise to slightly differing definitions of “overweight” and “obesity” [29]. Moreover, studies have shown that the use of percentiles can underestimate the progression of weight gain and lead to underdiagnosis of obesity in children [30, 31]. Thus, there are numerous drawbacks to using percentiles as the foremost diagnostic tool for childhood obesity.


7. Which of the following patients would you most likely prioritize in terms of treatment for obesity?

A. Female 38 years old, BMI 50 kg/m2, mild hypertension, knee and lower back pain

B. Male 34 years old, BMI 35 kg/m2, diabetes type II, obstructive sleep apnea (OSAS)

C. Female 48 years old, BMI 32 kg/m2, physically active, minor joint discomforts

D. Male 36 years old, BMI 45 kg/m2, impaired fasting glucose, mild depression

Option A is incorrect. Answering this question requires knowledge of the current approach to prioritizing treatment for obesity. Until 2009, Body Mass Index (BMI) was predominantly used by clinicians to inform which patients received which treatments. However, criticism of BMI as overly arbitrary led Sharma and Kushner (2009) to propose the now-standard Edmonton Obesity Staging System (EOSS) [32]. The EOSS is a clinical staging system (similar to the well-known ‘tumor, node, metastasis’ [TNM] system used in oncology) which classifies the severity of obesity based on the presence of comorbidities, functional limitations, and risk factors [32]. By using clinical assessment rather than anthropomorphic measures to guide patient management, the EOSS better predicts mortality risk in patients with obesity [33, 34], and better guides selection of patients for bariatric surgery [35, 36]. Patient A has an EOSS score of 1 (presence of obesity-related subclinical risk factors), putting them lower priority than Patient B [32]. Management for EOSS score of 1 is “Investigation for other (non-weight related) contributors to risk factors. More intense lifestyle interventions, including diet and exercise to prevent further weight gain. Monitoring of risk factors and health status.” ([32] Table 4 pg 293).

Option B is correct. Patient B has an EOSS score of 2 (presence of obesity-related chronic diseases), making them the highest priority of all the patients listed [32]. In addition, for a given BMI, males generally have a greater number of obesity-related comorbidities than females; consequently, a male patient with BMI 35, Type II Diabetes (T2DM), and OSAS, is at a higher risk of developing macrovascular and microvascular complications of T2DM, as well as pulmonary hypertension, and hypertension with OSAS [37]. In summary, a female with a higher BMI and mild obesity-related comorbidities (EOSS 1) should not take priority over a male with lower BMI and a greater number of obesity-related comorbidities (EOSS 2). Management for EOSS score of 2 is “Initiation of obesity treatments including consideration of all behavioural, pharmacological and surgical treatment options. Close monitoring and management of comorbidities as indicated.” ([32] Table 4 pg 293).

Option C is incorrect. Patient C has an EOSS score of 0 (no apparent obesity-related risk factors), putting them lower priority than Patient B [32]. Management for EOSS score of 0 is “Identification of factors contributing to increased body weight. Counselling to prevent further weight gain through lifestyle measures including healthy eating and increased physical activity.” ([32] Table 4 pg 293).

Option D is incorrect. Patient D has an EOSS score of 1 (presence of obesity-related subclinical risk factors), putting them lower priority than Patient B [32].


8. Which alternative in terms of reduction in body weight is considered to give significant improvements in health?

A. 10-15 kg weight loss

B. 5-10% weight loss from baseline weight

C. A reduction in BMI category (e.g. from WHO class III to WHO class II)

D. A reduction in waist circumference (cm) by 10%

Option A is incorrect. Since individuals classified as “overweight” or “obese” may have differing weights, a uniform 10-15kg weight loss would constitute a different percentage of weight lost from baseline for different individuals. Significant improvements in health emerge across individuals of varying weight when a similar percent of weight is lost from baseline weight, not when an absolute amount of weight is lost [38].

Option B is correct. A 5-10% weight loss from baseline weight is considered to be clinically significant weight loss. Benefits of 5-10% weight loss include improving lipid levels, improving insulin-stimulated glucose metabolism, improving blood pressure control, and reducing the risk of cardiovascular events [38-40].

Option C is incorrect. A reduction in BMI category does not necessarily mean a significant amount of weight has been lost. There are three World Health Organization (WHO) classes of obesity, each defined by a BMI category: class I (BMI 30 – 34.9); class II (BMI 35 – 39.9); and class III (BMI > 40). If an individual’s BMI is near the threshold between two BMI categories, a small change in weight may change their BMI category, but may not be enough to give significant improvements in health [41].

Option D is incorrect. Although the all-cause mortality relative risk (RR) for a 10% increase in waist circumference among men is 1.36, and among women is 1.30 (and for a 5-unit increase in BMI it is 1.18), a 5-10% weight loss from baseline weight is considered to give more significant improvements in health than a 10% reduction in waist circumference [42, 43].


9. What is considered to be the optimal form of exercise for treating obesity?

A. 4 x 4 high-intensity interval training (HIIT)

B. Combined endurance and resistance exercise

C. Resistance exercise

D. Exercising in the moderate intensity zone / fat burning zone

Option A is incorrect. Although High-intensity Interval Training (HIIT) is a time-effective method for improving overall cardiovascular health, initial effects of HIIT are changes in body composition (reduced body fat percentage) but not changes in overall body weight [44]. There is conflicting evidence on whether HIIT is more effective than endurance training at increasing aerobic and anaerobic capacity, however HIIT is consistently reported as less enjoyable than endurance training [45, 46]. In addition, HIIT may not be accessible for patients with severe obesity.

Option B is correct. Combined endurance and resistance exercise is superior to resistance exercise alone. The combination of exercise regimes has been found to improve body composition, reduce inflammation, and improve markers of metabolism [47], while reducing risk factors associated with diabetes and cardiovascular events [48].

Option C is incorrect. Combined endurance and resistance exercise, Option B, is superior to resistance exercise alone [47-49].

Option D is incorrect. Moderate Intensity Training has been found to be less efficient than HIIT at achieving similar outcomes [44].


10. What is considered to be the optimal strategy for lifestyle treatment of obesity?

A. Changing dietary habits

B. Combination of diet and exercise

C. Increasing physical activity levels (PALs)

D. Cognitive behavioural therapy (CBT)

E. Combination of diet, exercise and CBT

Option A is incorrect. Changing dietary habits is an important component of lifestyle treatment of obesity, since the root cause of obesity is a net calorie excess and adjusting dietary habits can reduce daily total energy intake [13]. However, adherence to dietary changes alone is usually unsuccessful (Dansinger et al. [2005] report dietary adherence around 25% after 1 year [50]), and prescribing dietary changes has poorer outcomes in the absence of additional weight-management strategies. Combining dietary changes with exercise is more effective at producing weight loss than diet alone [51], while incorporating behavioural strategies in addition to diet and exercise is the most effective approach for producing and maintaining weight loss [52].

Option B is incorrect. Although a combination of diet and exercise may be successful at producing weight loss [51], weight loss is more frequently maintained when diet and exercise are combined with behavioural strategies for treatment of obesity [52].

Option C is incorrect. Although increasing physical activity levels (PALs) increases total energy expenditure, attenuating the daily calorie excess that is the root cause of obesity, merely increasing PALs alone is less successful at driving weight loss that is PALs combined with dietary and behavioural strategies [53]. In part, this is due to physiological changes that occur when increasing PALs that increase appetite and decrease satiety, making it more likely that more calories will be consumed, perpetuating the daily calorie excess [54].

Option D is incorrect. While cognitive behavioural therapy (CBT) is a valuable component of lifestyle treatment of obesity, addressing the root cause of obesity (net calorie excess) requires change of dietary and physical activity levels [52]. CBT is one of several methods of behaviour therapy for treating obesity, whose common goal is to help obese individuals to modify eating habits, physical activity levels, and thought processes, that contribute to excess weight. Key components of behavioural therapy include specific goal setting, and self-monitoring [52].

Option E is correct. The optimal strategy for lifestyle treatment of obesity is a comprehensive program of lifestyle modification, also known as behavioural weight control. Lifestyle modification has three components: diet, exercise, and behaviour therapy [52].


11. When considering long-term weight reduction, which diet is believed to be the most effective?

A. Low carbohydrate - high fat (LCHF)

B. Low fat

C. Mediterranean diet

D. Any diet can give the same weight reduction given equal negative energy balance and long-term compliance

Option A is incorrect. Low carbohydrate – high fat (LCHF) diets, such as the Atkins diet, are typically low in carbohydrate (less than 20 grams per day), and high in fat and protein. They are based on the principle that protein is more filling than carbohydrate, and that having a lower carbohydrate intake produces a more favourable effect on blood pressure [52]. However, LCHF diets have not been found to be more effective for long-term weight reduction than any other diet [50].

Option B is incorrect. Low fat diets, such as the Ornish diet, recommend that 10-20% of daily calories should come from fat, with the remainder coming predominantly from plant-based foods. The proposed advantage of this diet is that the low energy-density plant-based food requires consumption of a large volume food, which should improve satiety [52]. However, low fat diets have not been found to be more effective for long-term weight reduction than any other diet [50].

Option C is incorrect. Mediterranean diets recommend the replacement of saturated fats (such as red meat and dairy) with unsaturated fats (such as olive oil, fish, lean poultry, and nuts), and the consumption of fruit, vegetables, and whole-grains [52]. Compared to LCHF and low-fat diets, Mediterranean diets have been found to have a more favourable effect on glycemic control [55]. However, low fat diets have not been found to be more effective for long-term weight reduction than any other diet [50].

Option D is correct. Any diet can give similar weight reduction, so long as they provide a net energy deficit, and the diet is maintained [52, 54]. If there is a net energy deficit, neither the relative percentages of the constituent macronutrients, nor the type of diet, affects long-term weight reduction [50, 56]. Perhaps the most important factor when considering a diet is personal preference; encouraging long-term compliance is more important than the type of diet itself [52, 54].


12. Which of the following is considered to be the most appropriate recommendation when looking at conservative treatment of obesity?

A. An energy deficit of approximately 600 kcal/day

B. < 20% of the energy in the diet comes from fat as a macronutrient

C. Weight loss > 1.0 kg/week

D. A diet very low in energy (<800 kcal/day)



Option A is correct. Ensuring a daily energy deficit is the only method of reducing weight [13]. Conventional hypocaloric diets aim to produce a deficit of 500-750 kcal/day [57], which is considered an appropriate recommendation for conservative treatment for obesity [58].

Option B is incorrect. Given similar total calories, the relative percentages of the constituent macronutrients in a diet do not affect long-term weight reduction [56].

Option C is incorrect. For most individuals, weight loss > 1.0 kg/week is considered unsafe and increases the risks of developing gallstones and electrolyte abnormalities [58]. Guidelines suggest that aiming for weight loss of between 1-2 lb per week (approximately 0.4-0.9 kg) is safe and achievable [58]. Among individuals with an average BMI of 33, typical weight loss after 6 months while adhering to an energy-deficit diet was 6kg, or an average of 1kg per month (50).

Option D is incorrect. A diet very low in energy (<800 kcal/day) is known as a Very Low Calorie Diet (VLCD). VLCDs typically produce greater short-term weight loss than Low Calorie Diets (LCD), but VLCDs are also associated with greater weight re-gain [59]. In short, VLCDs do not produce greater long-term weight-loss than other dietary approaches. Moreover, without medical supervision, VLCDs are associated with an increased risk of severe complications such as fatal cardiac events [60]. There is some evidence to suggest that VLCDs with a follow-up behavioural program to promote weight loss maintenance, are effective for long-term weight reduction [61]; however, VLCDs are not considered a conservative approach for treatment of obesity.


13. Which of the following is most correct when looking at long-term outcomes of gastric bypass surgery (GBP) as treatment for obesity?

A. Gastric bypass surgery (GBP) improves metabolic risk profile, but not primarily cardiovascular risk

B. Approximately 15% of patients experience suboptimal weight loss or significant weight re-gain, following gastric bypass surgery (GBP)

C. Gastric bypass surgery (GBP) does not produce more significant weight loss after two years, compared to lifestyle treatment of obesity

D. Approximately 95% of patients who undergo gastric bypass surgery (GBP) respond well in terms of weight loss

Option A is incorrect. Metabolic risk profile refers to factors involved in Metabolic Syndrome, the name given to a cluster of risk factors that increases the risk for Type II Diabetes, cardiovascular disease, and stroke. Cardiovascular risk refers to risk factors that pertain to cardiovascular risk only. Gastric bypass surgery improves both metabolic risk profile and cardiovascular risk, thus, Option A is incorrect [62, 63].

Option B is correct. Although there is no universally accepted definition of ‘suboptimal weight loss’ or ‘significant weight re-gain’ in the literature, current estimates suggest that approximately 15% of patients regain a significant portion of their weight following GBP, at long-term follow-up [64].

Option C is incorrect. Gastric bypass surgery does produce significant weight loss after two years, compared to lifestyle treatment of obesity [65].

Option D is incorrect. As stated in Option B, although there is no agreed-upon definition of what constitutes a patient who ‘respond[s] well in terms of weight loss’, approximately 15% of patients experience significant weight regain or suboptimal weight loss following GBP [64].


14. Which of the following represents the most common complication experienced after gastric bypass surgery (GBP)?

A. Hypertension

B. Dyslipidemia

C. Low levels of vitamin B12, vitamin D, calcium, and iron

D. Osteoporosis

Option A is incorrect. Gastric bypass surgery (GBP) is a highly effective treatment for pre-existing hypertension – in other words, hypertension is not a complication of GBP, GBP is a treatment for hypertension [66]. Hypotension, on the other hand, resulting from autonomic insufficiency, is a rare complication of GBP [67]. 

Option B is incorrect. As in Option A, dyslipidemia is not a complication of GBP; dyslipidemia is a condition that is often resolved by GBP [68].

Option C is correct. Low levels of vitamin B12, vitamin D, calcium, and iron, are the most common complication experienced after gastric bypass surgery [69]. These deficiencies are caused by an alteration of the normal absorption of nutrients, secondary to bypassing the 1st part of the gastrointestinal tract (duodenum). Dietary supplementation of potential deficiencies is typically begun immediately post-surgery and should be continued indefinitely.

Option D is incorrect. Although GBP may be associated with reduced bone mineral density (BMD) in the hip and lumbar spine (due to reduced vitamin D deficiency and calcium malabsorption; [70]), a recent meta-analysis did not find that BMD changes produced a clinically significant increase in the incidence of osteoporosis [71].



15. Which of the following is least associated with obesity?

A. Diabetes Mellitus Type II (DM2)

B. Osteoporosis

C. Male infertility

D. Non-alcoholic fatty liver disease (NAFLD)

Option A is incorrect. Diabetes Mellitus Type II (DM2) is highly associated with obesity; upwards of 80% of individuals with DM2 are obese [13]. Interestingly, the likelihood of being diagnosed with DM2 increases non-linearly with obesity, from an Odds Ratio (OR) of 1.6 for overweight adults (BMI 25-29.9), to OR 11.6 for adults with class III obesity (BMI > 40) [72].

Option B is correct. Osteoporosis is least associated with obesity, insofar as the relationship between osteoporosis and obesity is not yet fully understood. Prior to the last 15 years, obesity was thought to be a protective factor against osteoporosis, with many studies reporting a correlation between obesity and increased bone mass [73]. However, more recent studies which accounted for the effect of increased mechanical load on bone mass suggested that obesity may, in fact, be a risk factor for osteoporosis and fragility fractures [74]. Regardless, the science is still not settled – but a reliable association between obesity and osteoporosis cannot yet be drawn.

Option C is incorrect. Male infertility is associated with obesity. Obesity can cause male infertility resulting from endocrine abnormalities, comorbid conditions, and abnormal spermatogenesis [75].

Option D is incorrect. Non-alcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease, that may progress to end-stage liver disease [76]. NAFLD is associated with obesity, with the prevalence of NAFLD among obese patients ranging from 57% to 98% [77].


16. What level of physical activity is recommended for individuals with obesity in order to maintain weight loss?

A. 30 min/day moderate intensity

B. 10 min bouts with high intensity, 3 times/week

C. 45-60 min/day moderate intensity

D. 30 min high-intensity interval training (HIIT), 3 times/week


Option A is incorrect. 30 min/day of moderate intensity exercise may be sufficient to realize some benefits on cardiovascular health, but it is less than the 45-60 minutes per day typically required to maintain weight loss [78].

Option B is incorrect. 10 min bouts with high intensity 3 times per week (total 30 minutes) is not sufficient to maintain weight loss; guidelines recommend between 150-300 minutes of moderate to vigorous exercise per week in order to maintain weight loss [78].

Option C is correct. The 2008 physical activity guidelines for Americans suggests that in order to maintain weight loss over a period of 6 months or longer, between 30-60 minutes of moderate to vigorous exercise is required each day for at least 5 days of the week [78]. In the last 10 years, further research has supported the recommendations made in the 2008 report [79, 80].

Option D is incorrect. Although High-intensity Interval Training (HIIT) is a time-effective method for improving overall cardiovascular health [44], 30 minutes 3 times per week (total 90 minutes) is not sufficient to maintain weight loss.


17. On average, what percentage of individuals who have lost weight through lifestyle changes are able to maintain clinically significant weight loss for at least 1 year?

A. < 10%

B. 20%

C. 30%

D. > 40%

Option A is correct. Clinically significant weight loss is generally regarded as weight loss of between 5-10% of initial weight [38, 40]. Although the differing methodologies make it challenging to compare studies in the literature, lifestyle interventions are typically successful in fewer than 10% of cases [81-83].

Option B is incorrect.

Option C is incorrect.

Option D is incorrect.


18. Which of the following is most associated with long-term weight loss maintenance?

A. A diet high in carbohydrates (≤ 55% of total energy intake)

B. Exercising at high intensity > 3 times/week

C. Eating breakfast > 5 days/week

D. Self-weighing ≥ 1 times/month

Option A is incorrect. A diet high in carbohydrates is more likely to promote weight gain, not maintain weight loss, due to the high energy density of carbohydrates and the glycemic response following carbohydrate metabolism [6]; although as stated previously, the only factor associated with weight loss maintenance is net energy deficit, not relative macronutrient contents of the diet [56].

Option B is incorrect. Although exercise is an important factor in long-term weight loss maintenance, the answer choice does not indicate the duration of the high intensity exercise; it is the total duration of exercise that is important in maintaining weight loss (between 150-300 minutes per week of moderate to vigorous exercise is recommended), not the frequency [78].

Option C is correct. A number of empirical studies and systematic reviews have supported the idea that regular breakfast consumption (RBC) is associated with lower BMI and a greater likelihood of long-term weight loss maintenance [84-88]. However, more recent studies have challenged the relationship between RBC and obesity, with equivocal findings for adults [89]. Others have suggested that the claimed relationship between RBC and obesity may not be sufficiently supported by the strength of the findings in the literature [90]. Regardless, current consensus suggests that RBC is associated with long-term weight loss, although this is currently subject to debate.

Option D is incorrect. Although self-weighing when included as a component of other behavioural interventions may be effective, there is insufficient evidence to conclude that self-weighing alone is associated with long-term weight loss maintenance [91].
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