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[bookmark: _Hlk8935350]ABSTRACT

Obesity is a complex and challenging disease to address by clinicians. Moreover, given the wide prevalence coupled with disease impact, every specialty in medicine will likely encounter many patients with obesity.  Thus, it becomes crucial for practitioners to obtain a thorough weight history from patients in order to identify potential triggers that influence weight gain trajectories and their relationships to development of disease co-morbidity and mortality. Obtaining a weight history from a patient can be approached systematically, similar to key elements of a history of present illness, as we will discuss.  Furthermore, patient-drawn life-events graph or readily available electronic health records graphs can elucidate in visual context pertinent contributing factors to the etiology of obesity.  Oftentimes, biological, social, behavioral and psychological causes of weight gain can be elicited through the use of weight histories. In this chapter, we will also explore life-events graph more in detail as they can provide remarkable value to the overall assessment and plan of care (whether lifestyle intervention with additional ancillary support, pharmacological, surgical, or combination thereof) in the patient with obesity. 

[bookmark: _Hlk8935456]INTRODUCTION

Obesity adversely affects all organ systems in the human body and causes and/or exacerbates numerous medical disorders such as cardiovascular disease, diabetes, kidney disease, and cancers.  Today, the average adult weight has increased (1) with a disproportionate rightward skewing (2) of the body mass index (BMI) distribution curve (Figure 1) with a higher percentage of the population meeting criteria for Class 1 obesity or higher (>30 kg/m2) and more disease severity (Class 2 obesity or higher;  BMI >35 kg/m2).  In addition, the average waist circumference has increased across US adults since 1999 (3).  Increase in abdominal girth (>35 inches for women;  >40 inches for men), commonly called central or abdominal obesity, is a surrogate for visceral adiposity, which increases risk for the metabolic syndrome, inflammation and cardiovascular disease (4).   
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Figure 1. Changing Shape of BMI Distribution Curve Over Time (2)

Obesity is defined as a pathologically elevated and defended body fat mass due to dysregulation of the pathways that determine energy balance.  The complexity in these pathways, whether through biological, genetic, developmental, epigenetic, environmental, or behavioral factors, lead to substantial variability in the pathophysiological expression of both amount of unwanted weight gain experienced by an individual as well as the number and severity of co-morbid conditions (diabetes, hypertension, etc.) (5, 6, 7, 8, 9).  

In addition to the variability in phenotypic presentation of weight gain and fat distribution in obesity (10), individual responses to lifestyle, pharmacological, and surgical treatment are also heterogeneous.  Although most patients elicit an average response to a distinct type of treatment, some patients will have an above average response to the intervention, while in others the response may be sub-optimal, or they may not respond at all. A thorough weight history can help identify these targeted responders to specific treatment.   Thus, clinically applied and integrated understanding of the disease, its root causes and etiology within a thorough weight history can guide successful treatment. 

THE OVERWEIGHT AND OBESITY-FOCUSED ENCOUNTER

History, Physical, and Laboratory Testing of the Patient who is Overweight or Has Obesity

The evaluation and diagnosis of a patient with obesity follows standard medical history, review of systems with a focus on weight-related complications, a review of potentially weight-promoting medications (11), a medical examination that characterizes the amount and distribution of weight as well as possible signs of secondary causes of unwanted weight gain, as well as relevant clinical laboratory tests.  In addition, the history of present illness includes a patient interview and generation of a chronological weight graph using the electronic health record (EHR), lifestyle patterns and preferences, and previous interventions (whether successful or unsuccessful).  

The physical exam should note the distribution of weight (especially truncal and abdominal) and areas of conspicuous absence of fat characteristic of lipodystrophies (12), both of which herald increased cardiometabolic risk; documentation of cardiac status looking for evidence of heart failure; abdominal palpation for hepatomegaly; identification of inflammatory or degenerative joint issues that may limit activity; and skin/neurological examinations to look for evidence of hypercortisolism (wide striae, proximal muscle weakness), hypothyroidism, hirsutism/acne in polycystic ovarian syndrome, acanthosis nigricans over extensor surfaces/neck/axilla, lipomas, and lipedema.  Laboratory evaluation at the initial visit should include a comprehensive metabolic panel, complete blood count, assessment of thyroid status, and cardiometabolic risk assessment including a lipid panel and A1c (Table 1).  

Identification of obesity-related co-morbidities during the patient encounter and lab testing may necessitate referral for further evaluation, such as non-invasive imaging or liver biopsy to establish non-alcoholic steatohepatitis, a sleep study to diagnose obstructive sleep apnea, or X-ray to assess osteoarthritis in weight-bearing joints.  Patients reporting low-level dyspnea on exertion or orthopnea should be considered for referral to a cardiologist for the possibility of cardiac ischemia or, an increasingly recognized disorder of severe obesity, heart failure with preserved ejection fraction (HFpEF).

	Table 1.  Key Elements of an Obesity-Focused Encounter

	History of Present Illness (HPI)
	Weight History and timing to life events, developmental milestones (puberty, pregnancy, menopause), medication use, and injuries, surgeries, or illnesses.

	Past Medical and Surgical History (PMH, PSH)
	In addition to a general review, identification of obesity-associated comorbidities and procedures:  gastro-esophageal reflux, hypertension, HFpEF, asthma, OSA, OA, type 2 diabetes, CAD and PVD, menstrual irregularities/infertility/PCOS, bariatric surgery

	Social History (SH)
	Lifestyle, health practices, nutrition, physical activity, sleep, stressors, occupation, marital status

	Family History
	Parental obesity, cultural patterns, family eating patterns

	Medications/Allergies
	Weight-gain promoting medications

	Physical Examination
	BMI, waist circumference.  Distribution of body fat

	Laboratory and Diagnostic Testing
	Risk assessment:  comprehensive metabolic panel, complete blood count, 25-OH vitamin D, C-reactive protein, TSH, hemoglobin A1c, and lipid panel.  When indicated, screening for co-morbid conditions such as obstructive sleep apnea, non-alcoholic steatohepatitis, and PCOS

	Assessment and Plan
	Based on risks, complications, comorbid conditions and barriers to care



CLINICAL IMPORTANCE OF A WEIGHT TRAJECTORY

During the weight-focused portion of the history of present illness, it is important to document changes in the health that led the patient to seek medical attention overtime and establish a clear and chronological description of the sequential events, including weight gain or loss, leading up to the current visit (13, 14) (Table 2).  

	Table 2.  Key Elements of an Obesity-Focused History of Present Illness (15)

	Onset
	Nadir and Maximum Weight (excluding pregnancy)
What was your highest and lowest weight?
What did you weigh in teenage years, college, 20s, 30s, 40s, 50s?

	Nadir and Maximum Weight (excluding pregnancy)
	What were your lowest and highest weights?
How did you achieve your lowest weight?

	Precipitating Factors
	What events in your life triggered weight gain (puberty, pregnancy, menopause, starting or stopping smoking, starting a new medication such as insulin or steroids)?

	Quality of life
	What is hardest to do at your current weight?
When did you feel your best?

	Weight loss efforts
	What did you try that helped you lose weight?
What interventions were successful for you?

	Setting
	In what context were you successful at your previous efforts?  
Why do you think those efforts worked?

	Temporal Pattern
	What is the nature of your weight loss and weight gain over time?
Do you ever weight cycle (yo-yo) or is it gradual or rapid over time?



Multiple studies have demonstrated that an upward weight trajectory can be predictive of future development of obesity, obesity-related comorbid conditions, disability, and mortality (16, 17, 18, 19, 20). Maximum BMI (compared to single baseline BMI measurement) in overweight or obesity categories coupled with 16 or more years of weight history is associated with an increased all-cause and cause-specific mortality including cardiovascular disease and coronary heart disease (21).  

As will be discussed below, temporal patterns of weight gain that raise concerns in a weight history might include (a) early adiposity rebound during infancy or early childhood years (22) (b) adolescent weight gain that most correlates with progression to severe adult obesity and related medical conditions (23), and  (c) excessive weight gain during pregnancy or menopause.  Other temporal associations with weight gain often not appreciated by patients or providers include that which accompanies smoking cessation(24), recovery from hyperthyroidism (25), initiation of now common medications for depression, anxiety, and pain management (e.g., beta-blockers, amitriptyline, gabapentin, others) (11), and the normal age-associated sarcopenia where skeletal muscle mass gradually declines and visceral fat preferentially increases (26). 

Early Growth, Childhood, and Puberty

Timing of excessive body weight gain during one’s life is also a predictor of future disease severity.  Of note, early and rapid weight gain during youth is predictive of co-morbidities later in life and these patients might often experience a more steeply inclined weight trajectory into later stages of adulthood (18).  During the ages of 2-6 years, children have a lower adiposity and are usually at their nadir weight (Figure 2).  Early adiposity rebound (as denoted by the red dotted line weight trajectory) during this period is a risk factor for childhood obesity and can be visualized on the BMI for-age and gender appropriate growth charts, typically expressed in percentile for age and sex (27).  Furthermore, early adiposity rebound in infancy (less than one year of age) should elicit concerns in regards to syndromic or non-syndromic causes of obesity (i.e. genetic or congenital syndromes; Figure 2).  Of note, monogenetic obesity syndromes, such as melanocortin-4-receptor gene mutation MC4R that has been implicated in 1-6% of early-onset severe obesity, are very rare (22, 28, 29). However, cardinal features such as rapid weight gain from early infancy, development of severe obesity (>97th BMI percentile) at early ages (usually <3 years of age), persistent food-seeking behavior, parental consanguinity, and tall stature/increased growth velocity should prompt screening for genetic obesity. 
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Figure 2. BMI Percentile Growth Chart

Weight gain during adolescent development period correlates very highly with progression to severe adult obesity.  The adolescent stage is a time of critical pubertal development when body composition and fat distribution changes.  Adolescent obesity can affect timing of puberty (early vs. delayed) (30).  During normal pubertal development and growth, males acquire greater fat-free and skeletal muscle mass, whereas females attain higher fat mass (31).    
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Figure 3.  Schematic Depiction of Abnormal BMI Percentile Growth Curves for Adolescents with Severe Obesity.  Greater than or equal to the 95th BMI percentile correspond to cut-offs for pediatric obesity. Other important considerations that determine therapeutic criteria are if the adolescent’s trajectory falls at or above 120th% and 140th% the 95th BMI percentile for age/gender (see Table 3).  

Most patients who experience unwanted excess weight gain in childhood and adolescence develop obesity-related disease pathologies that, when severe, often require pharmacologic intervention and/or bariatric surgery.  Early identification, management, and treatment are recommended as there is evidence that chances for weight-loss maintenance long-term are greater at this age than in older patients (see Endotext Chapter on Pediatrics) (32).  Currently there are six FDA-approved anti-obesity medications available, of which phentermine and orlistat are approved for age >16 years and >12 years respectively (32).  Use of anti-obesity pharmacotherapy in adolescents with severe obesity (>95th BMI percentile plus the presence of obesity-related comorbidity or >120th of 95th BMI percentile) has been recently proposed (32).  Furthermore, vertical sleeve gastrectomy and Roux-en-Y metabolic and bariatric surgery procedures are available options for adolescents with severe obesity (>120th of 95th BMI percentile plus obesity-related comorbidity or BMI >140th of 95th BMI percentile) (33).  

	Table 3. Available Therapeutic Options Based on BMI Percentile Cut Offs of Weight Trajectory in Adolescent Patients with Severe Obesity

	BMI percentile as per CDC growth chart
	>95th BMI percentile
	>120th of the 95th BMI percentile
	>140th of the 95th BMI percentile

	Intensive lifestyle intervention
	✔
	✔
	✔

	Anti-obesity medication
	With comorbidity
✔
	✔
	✔

	Adolescent bariatric metabolic surgery
	
	With comorbidity
✔
	✔



Pregnancy, Breast Feeding, and Menopausal Transition

Pregnancy and menopause can be a time when women’s weights and body composition may become permanently altered under the influence of dramatic shifts in sex steroid levels.  Excessive weight gain during pregnancy can result in epigenetic changes in the developing fetus leading to adult-onset chronic disease such as diabetes, cardiovascular disease and obesity (22, 23, 24).  Furthermore, maternal obesity and excessive gestational weight gain have been linked to maternal-fetal complications such as increased risk of C-sections, preeclampsia, shoulder dystocia, and macrosomia in the infant (25).  Data from large population-based epidemiological studies have shown that roughly 50% of women after pregnancy will return to their pre-pregnancy weight, but the other 50% will retain extra weight, with a third of all pregnant women shifting a BMI category (normal to overweight or obesity) (26, 27).

The post-partum period following delivery of the newborn infant is indeed a vulnerable time for weight retention.  Moreover, the relationship between breastfeeding practices and postpartum weight changes is largely unclear due to the difficulties examining breastfeeding and weight management in observational research and confounding variables (34, 35).  Breastfeeding overall has other notable health benefits to the infant, including atopy, cognitive development, bone health, and maternal-infant attachment (36).  

Weight gain during midlife is common, and about two-thirds of women ages 40 to 59 and nearly three-quarters of women older than 60 are overweight (BMI greater than 25 kg/m2). On average, midlife women gain 1.5 pounds (0.7 kg) per year (37).  Thus, it is not surprising that menopause is often depicted as a weight-gain trigger on a patient’s life-event graph, especially in older women who gain weight after a period of weight maintenance.  Towards midlife, women undergo redistribution of body composition with increase in total body fat and enhanced inclination toward central abdominal visceral adiposity (38).  Excess body weight during menopause leads to elevated cardiovascular (39) and metabolic risk, including insulin resistance and Type 2 diabetes mellitus (40, 41). Early or late-onset menopause (with final menstrual cycle age <45 years or age >55 years respectively) compared to age 46-55 years is associated with increased risk of Type 2 diabetes mellitus [HR 1.04, 95% CI 0.99, 1.09 and HR 1.08, 95% CI 1.01, 1.14, respectively](42).  Having an underlying hysterectomy or an oophorectomy increases risk of diabetes further (RR 1.17, 95% CI 1.07-1.29) compared to peri-/post-menopausal women (43).

CASE LESSONS IN PATIENT-GENERATED WEIGHT GRAPHS (44)

While in the clinic, having a patient submit his/her own drawing of weight graph accomplishes two-fold goals.  First, it provides a template on which weight inflections in the patient’s life can be potentially identified with causative or contributory life events, medical conditions, and medications, and secondly, it provides a platform to guide the clinical discussion in regards to appropriate goal setting and best approaches to help him/her achieve as close to a healthy weight range as possible.  

Impact of Medications

The patient in Figure 4 experienced steroid-induced weight gain that is a very common iatrogenic cause of obesity.  Exploring reasons for why this patient was initiated on steroids and communication with other specialists in regards to switch over to another non-steroid dependent medication, if available, might mitigate the weight gain and prove to be a successful weight management strategy. Similar effects prompting discussions of alternative approaches may also be seen by other commonly prescribed medications, including some birth control methods (e.g., Depo-Provera), beta-blockers, amitriptyline, gabapentin, pregabalin, thiazolidinediones, and insulin).  
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Figure 4. Life Graph Showing Effects of Repeated Exposures to Steroids on Weight for Chronic Inflammatory Arthritis.

Effects of Situational Life Changes That Impact Weight

In Figure 5, the patient’s weight was at its nadir during college years until graduation.  Subsequently, marriage and job change were aforementioned social factors contributing to weight gain. In addition, pregnancy and menopause were identified biological associations with upward weight trajectory overtime.  Psychological stressors further augmented weight gain over time. Resilience to major life stressors (marriage, divorce, loss of spouse, unemployment, death of a loved one, major illness or injury, moving/relocation) does not commonly occur and can precipitate psychosocial disorders such as anxiety, depression and alcoholism (45, 46).

[image: ]
Figure 5.  Life Graph Showing Effects of Several Situational Life Changes that Impact Weight. 
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Figure 6.  Life Graph Showing Effect of a Single Traumatic Incident (such as Motor Vehicle Accident in this Case) on Weight 

In Figure 6 above, the patient had a stable weight prior to a traumatic incident that elicited changes in physical function leading to immobility and sedentary behaviors. Identification of this specific event contributing to upward weight trajectory in the patient helped tailor the treatment strategy toward physical therapy, rehabilitation and a customized exercise prescription to mitigate the weight gain.

Identification of Response to Weight Loss Interventions:  Importance of Identifying Lifetime Max

Below are examples of weight graphs taken from the electronic health record (47, 48). 
In Figure 7, the patient gained over 40 pounds through exposure to various antipsychotic medications for the treatment of her bipolar disorder.  The downward shift in her weight graph occurred after treatment with metformin 500mg once daily (to mitigate antipsychotic medication induced weight gain (49)) and phentermine to ultimately lose weight. If certain medications are critical and cannot be switched over to a weight-mitigating alternative, as is often the case in patients requiring anti-psychotic medications, anti-obesity medications (48) and in severe obesity, bariatric surgery, can often reverse the weight gain.  
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Figure 7. Life Graph Showing the Effects of Antipsychotic Medications on Weight and Effective Therapeutic Intervention with Anti-Obesity Medications

In Figure 8, the first blue arrow shows the time of initial visit when the patient had started to gain weight due to multifactorial etiology (strong family history of obesity, maladaptive stress related to work, poor nutritional habits), followed by initiation of anti-obesity medicine therapy and intensive lifestyle intervention (phentermine; 2nd blue arrow).  Subsequently, the patient developed side effects and phentermine monotherapy was discontinued (3rd blue arrow).  Several other anti-obesity pharmacological options were trialed (4th blue arrow); however, the patient did not respond.  Ultimately, the patient underwent bariatric surgery (Roux-en-Y gastric bypass (RYGB)) to achieve successful weight loss response.  

Obesity has a multifactorial etiology leading to wide variability in its presentation.  Understanding causation and association of weight gain promoting factors in a patient’s life can help elucidate appropriate treatment strategies.  Furthermore, initial non-response to anti-obesity medication does not indicate that the medication is ineffective overall; rather it may not be targeting the pathophysiological pathways involved in metabolic dysregulaton in the individual patient and an alternative anti-obesity medication or combination should be trialed for synergistic or additive weight loss effects. In this patient’s case, other anti-obesity medications were prescribed due to initial side effects on phentermine monotherapy. 
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Figure 8. The Life Events Graph Depicts the Response to Treatment and Strategies for Further Intervention. 

Identification of Weight Regain after Successful Weight Loss:  Importance of Prompt Intervention

[image: ]
Figure 9.  Life Graph Showing Effect of Weight Loss Program Intervention Overtime with Weight Regain. 

Figure 9 shows the life-events graph of a 55-year-old patient with a history of hypertension, obstructive sleep apnea and severe obesity (BMI 41.8 kg/m2, 293.5 lbs.). The patient lost 95
pounds over a 1.5-year period through self-monitoring using an electronic smart phone tracking application, 1800 kcal/day intake, and an increase in physical activity as tolerated.  However, after 1.5 years of successful weight loss, despite continued intensive lifestyle changes in the absence of other potential weight gain triggers, he experienced weight regain over the next 3 years. Weight regain after a period of caloric restriction is physiologic as long-term persistence of metabolic adaptation occurs and hunger and satiety signals resist weight loss (50).  It is a prime time to initiate anti-obesity pharmacotherapy at this critical stage after weight maintenance to help sustain the weight loss and prevent weight regain.  In this patient, starting an anti-obesity medication after 1.5 years when weight gain had started to occur would be recommended.     
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Figure 10.  Life Graph Showing a Patient Status Post Gastric-Bypass Surgery with Weight Regain Following Situational Life Transitions (Marriage, Birth of Child). 
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Figure 11.  Life Graph Showing Weight Loss in a Patient After Bariatric Surgery Followed by Weight Regain Subsequent to High Job-Related Stress and Retirement. 

Figure 10 and Figure 11 depict life-event graphs of two patients who underwent metabolic and bariatric surgery with successful weight loss following the procedure.  However, they both experienced weight regain. Weight regain in the postoperative bariatric patient is often difficult to treat and is usually of multifactorial etiology (recurrence of obesity-related comorbidities, non-compliance and adherence to treatment recommendations and routine bariatric care, physiologic return of hunger signals, introduction of life stressors as examples).  Early recognition, evaluation and medical management, provided anatomical causes have been ruled out, with multidisciplinary team support are crucial to removing obstacles to weight maintenance and patient’s continued commitment to lifestyle improvements.  Further, it presents an opportunity to intervene early and initiate anti-obesity pharmacotherapy to help arrest weight regain (51).    

CONCLUSIONS

Eliciting an obesity-focused medical history is important for the care of the patient who is overweight or has obesity.  In addition to identifying obesity-related co-morbid conditions by means of a thorough history, physical, and appropriate laboratory work up, we illustrated, through the use of described life-events and electronic health record weight graphs, the clinical relevance of documenting weight trajectories in the management of a patient with obesity.  Creating a representation of a patient’s weight trajectory and fluctuations over time can help guide the clinical discussion in regards to potentially modifiable influences on a patient’s weight.  These include identifying causative medical conditions or culprit medications that promote weight gain, associating weight gain with known life-transitions that increase a patient’s risk for becoming overweight or obese (e.g., puberty, pregnancy, menopause), help patients to re-commit to improved lifestyle choices, assess an individual’s responsiveness to recommended therapies, and help with timing for when initiating combinations of therapies (either weight loss medications in combination or adding on following weight loss surgery).       
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