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Learning Objectives   

 

 Defining healthy lifestyle; 

 Familiarization with the issue of body composition; 

 Understanding BMI as a tool for defining high risk populations; 

 Learning what the obesity paradox is; 

 Understanding the principles of nutritional therapy for obese hospitalized 

patients. 
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Key messages 

 

 BMI is a crude indicator of obesity; 

 Optimal BMI differs in different populations; 

 Optimal BMI of healthy adults is different from that of ill adults; 

 Optimal BMI is age dependent; 

 Care should be taken when advising weight reduction in ill people. 

 

 

 

1. Healthy Llifestyle 
 

Healthy lifestyle comprises different aspects of living including healthy eating, 

physical activity, keeping a healthy BMI and refraining from smoking and excess 

consumption of alcohol. It is recommended that each individual maintains moderate 

physical activity equivalent to ≥30 minutes brisk walking, building up to ≥60 minutes 

of moderate walking per day. Refraining from smoking is important in preventing 

cancer and cardiovascular and lung disease. If alcohol is consumed a defined and 

limited quantity of ≤2 drinks a day for men and no more than one drink per day for 

women is advised to prevent cirrhosis and other alcohol related morbidity and 

mortality. Eating a healthy diet, aims to avoid weight gain and obesity on the one 

hand and undernutrition on the other. A healthy diet includes the eating of variety of 

vegetables and fruit each day, consuming energy-dense foods sparingly, avoiding 

simple sugars, consuming fibre- rich foods, and keeping a balanced diet. Different 

healthy food protocols have been published as models for a healthy diet. The 

American Healthy Eating Index is an example (1). Healthy eating, as part of healthy 

lifestyle, was found to correlate with reduced morbidity and mortality of up to ~30% 

in a large longitudinal cohort study (378,864 participants) in Europe (2). 

 

 

Table 1 

Healthy Eating Index-2005 components and standards for scoring¹ 

Component 
Maximum 

points 
Standard for maximum score 

Standard for minimum 
score of zero 

Total Fruit (includes 
100% juice)  

5 ≥0.8 cup equiv. per 1,000 kcal No Fruit 

Whole Fruit (not juice)  5 ≥0.4 cup equiv. per 1,000 kcal No Whole Fruit 

Total Vegetables  5 ≥1.1 cup equiv. per 1,000 kcal No Vegetables  

Dark Green and Orange 
Vegetables and Legumes² 

5 ≥0.4 cup equiv. per 1,000 kcal 
No Dark Green or Orange 
Vegetables or Legumes 

Total Grains  5 ≥3.0 oz equiv. per 1,000 kcal No Grains 

Whole Grains 5 ≥1.5 oz equiv. per 1,000 kcal No Whole Grains 

Milk³ 10 ≥1.3 cup equiv. per 1,000 kcal No Milk 

Meat and Beans 10 ≥2.5 oz equiv. per 1,000 kcal No Meat or Beans 

Oils⁴ 10 ≥12 grams per 1,000 kcal No Oil 

Saturated Fat 10 ≤7% of energy⁵ ≥15% of energy 

Sodium 
10 ≤0.7 gram per 1,000 kcal⁵ 

≥2.0 grams per 1,000 
kcal 

Calories from Solid Fats, 
Alcoholic beverages, and 
Added Sugars (SoFAAS) 

20 ≤20% of energy ≥50% of energy 
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¹Intakes between the minimum and maximum levels are scored proportionately, except for 
Saturated Fat and Sodium (see note 5). 
²Legumes counted as vegetables only after Meat and Beans standard is met.                                                                                                                 
³Includes all milk products, such as fluid milk, yogurt, and cheese, and soy beverages.                                                                                                   
⁴Includes nonhydrogenated vegetable oils and oils in fish, nuts, and seeds.                                                                                                                   
⁵Saturated Fat and Sodium get a score of 8 for the intake levels that reflect the 2005 Dietary 

Guidelines, <10% of calories from saturated fat and 1.1 grams of sodium/1000 kcal, respectively. 

 

2.  Body Composition and Fat Distribution 

2.1 Different Compartments 

The human body is composed of different compartments (Fig. 1). The classical 

definitions include two-, three- and four-compartment models: 

1. Fat and Fat Free Mass (FFM) 

2. Fat, FFM, water 

3. Fat, FFM, water and bone  

The body fat ranges for optimal health are ~18%-30% for women and 10%-25% for 

men. If fat content falls below a minimum of ~5% for men and 8% for women, 

normal bodily function may be disrupted.  

Measurement of body composition can be done by several methods. The most 

accurate of these are currently practical only in a research setting but include: 

isotope dilution, neutron activation analysis, magnetic resonance imaging, dual-

energy x-ray absorptiometry and whole-body air displacement plethysmography 

(Fig. 2).  Simpler and less expensive measurements can be performed with the help 

of skinfold measurements using a caliper. This method relies on measuring skin folds 

at specific body sites. Most equations use the sum of at least three skinfolds from 

which total body fat may be estimated.  

An additional technique – bioelectrical impedance analysis – relies on the difference 

of electrical impedance in the different body compartments measured when a weak 

electrical current is passed through the subject. The body composition can then be 

calculated.  

Studies which have checked the body composition with regards to prognosis and 

longevity have found that morbidity and mortality were related to increased fat mass 

and low lean body mass. In a study of cancer patients, the highest mortality was 

found in the sarcopenic obese patient group (3). 

 

2.2 Fat Distribution 

 

Fat distribution denotes the predominant site of fat accumulation - around the viscera 

or in the lower extremities and subcutaneous tissues. Adipose tissue is an 

endocrinologically active tissue. The visceral fat secrets several pro-inflammatory 

cytokines such as tumour necrosis factor-alpha and interleukin-6. This causes a 

chronic low-grade inflammatory state, the intra-abdominal, peri-visceral fat being 

more active than fat accumulated in the lower extremities and in the subcutaneous 

tissues (4). The quantity of visceral fat is highly associated with various morbidities 

e.g. cardiovascular disease, cancer, type 2 diabetes mellitus and the metabolic 

syndrome.  

 

 

http://en.wikipedia.org/wiki/Whole-Body_Air_Displacement_Plethysmography
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Fig. 1 Body composition (1) 

 

 

Fig. 2 Whole-Body Air Displacement Plethysmography 

 
3.  Body Mass Index - BMI 

 
3.1 Definition, Usages and Limitations - Pros and Cons 

 
The BMI is a simple mathematical index which aims to estimate standard weight 

versus underweight and overweight status, taking into account the actual weight and 

height of a person. The BMI equals the weight in kilograms divided by the square of 

the height in meters (e.g. the BMI of a person who weighs 58 kg. and is 1.5 meters 

tall is 25.8). The major drawback of the BMI is that it does not take into account the 

body composition, therefore it is a simple index, but provides only a crude estimation 

of obesity and undernutrition. The WHO categorized groups of BMI to define 

underweight, normal weight, overweight and obesity as follows (Table 2). 
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   Table 2 

   WHO classification of BMI ranges  

 

Category BMI range – kg/m2 

Very severely underweight less than 15 

Severely underweight from 15.0 to 16.0 

Underweight from 16.0 to 18.5 

Normal (healthy weight) from 18.5 to 25 

Overweight from 25 to 30 

Obese Class I (Moderately obese) from 30 to 35 

Obese Class II (Severely obese) from 35 to 40 

Obese Class III (Very severely obese) over 40 

 

 

3.2 Optimal BMI and Obesity 

 

The normal or optimal BMI was defined in healthy populations. A high BMI is 

associated with various morbidities and mortality. Some of the morbidities of note are 

cardiovascular diseases, hypertension, diabetes mellitus, stroke, cancer (e.g. colon 

cancer and endometrial cancer) and sleep apnoea. A BMI lower than the optimum, as 

well as higher than the optimum, is also associated with higher morbidity and 

mortality. In a recent meta-analysis using a BMI of 23.0–23.9 as the reference, there 

was a 12% greater risk of mortality for a BMI of 21.0– 21.9 and a 19% greater risk 

for a range of 20.0–20.9 [BMI of 21.0– 21.9; HR (95% CI): 1.12 (1.10, 1.13); BMI of 

20.0–20.9; HR (95% CI): 1.19 (1.17, 1.22)]. Mortality risk began to increase 

significantly for BMI of 33.0 and above [BMI of 33.0–33.9; HR (95% CI): 1.08 (1.00, 

1.15)]. The higher the BMI the greater the association with higher rates of morbidity 

and mortality (5). Large scale studies confirmed that people with high BMI who lost 

weight had lower rates of morbidity and mortality. The emphasis is on a combined 

end-point in what is now called behavioural weight loss, which includes intentional 

weight loss as well as a generally healthy lifestyle (6). 

 

4. The Obesity Paradox 

 

The previous section outlines the importance of keeping a healthy BMI, but as the 

inidividual ages, it must be acknowledged that there is more to keeping healthy than 

just maintaining optimal BMI. Moreover, in some instances the optimal BMI is higher 

than described for the general younger (healthy) population.  Pooled data from 

prospective cohort studies with 20,672 Asian American adults revealed that a high 

BMI, was associated with increased risk of total mortality among individuals aged 35 

to 69 years, but the BMI was not related to total mortality among individuals aged 70 

years and older (7). Diverse hospitalized and elderly non-hospitalized populations 

were studied.  
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4.1 Different Patient Groups 
 

4.1.1 Elderly 

In a recent meta-analysis Winter et al demonstrated that the optimal BMI for people 

≥65 years is ~28 (Fig. 3) (5).  A study including 1614 residents (69.5% female) with 

mean age of  83.7 ± 8.4 found, taking into account background disease, that high 

BMI was significantly protective: mortality reductions per 1 unit increase in BMI were 

9% at 6 months, 10% at 1 year, 9% at 2 years, 7% at 4 years, and 5% at 9 years (p 

<0.001) (8). 

 

 
 

Fig. 3 Optimal BMI in people aged ≥65 years 

 
4.1.2 ICU Patients 

 

Obese patients hospitalized in the ICU had a more complicated course of 

hospitalization with higher rates of complications and longer hospitalization - overall 

and in the ICU; but mortality of the obese patients was lower than those patients 

whose BMI was defined as 'normal'. The optimal BMI for obese patients in ICU was 

~30 (9, 10). 
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Fig. 4 BMI and mortality in ICU 

 

 

4.1.3 Dialysis Patients 

 

Multiple studies of haemodialysis patients and peritoneal dialysis patients have 

demonstrated a protective effect of high BMI on survival in these groups of patients. 

Kim et al. published a study describing a two year prospective follow-up of 900 

peritoneal dialysis patients.  Lower BMI was a significant risk factor for death, but 

increased BMI was not associated with mortality (11). 

 

4.1.4 Patients with Cardiac Disease 

 

The obesity paradox was demonstrated in patients suffering from various cardiac 

ailments. The paradoxical U-shaped relationship between obesity and mortality was 

found in patients with acute MI, cardiac failure, and atrial fibrillation (12-15). 

 

4.1.5 Cancer Patients 

 

The relationship between nutrition and cancer has been addressed in multiple stages, 

as a means of prevention of cancer and with regards to prognosis, once cancer is 

present. Healthy lifestyle including healthy nutrition and normal BMI are related to 

lower risk of cancer development (2).  High BMI is associated with the development 

of cancers such as those of the colon and endometrium.  Numerous studies have 

addressed the issue of nutritional status and prognosis in cancer patients. Mostly, the 

emphasis has been on malnutrition and prognosis, in which context malnutrition is 

definitely associated with reduced survival.  However, Gonzalez studied 175 patients 
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with various malignancies.  The median survival time for overweight (2.64 y; range: 

0.23–3.16 y) and obese (2.61 y; range: 0.26–3.20 y) patients was significantly 

higher than for patients with a normal (2.04 y; range: 0.06–3.05 y) or low (0.52 y; 

range: 0.19–0.98 y) BMI (P< 0.001). The worst prognosis was for sarcopenic 

patients (3). 

 

 

 
Fig. 5 BMI sarcopenia and survival in cancer patients 

 

 
4.1.6 Patients with Peripheral Vascular Disease 

 

In a prospective observational study of 1472 patients with peripheral vascular disease 

survival at 3 years was 37.5, 78.1, 86.8 and 87.0% for patients who were 

underweight, normal weight, overweight and obese at recruitment, respectively, p 

<0.001. Patients who were underweight had approximately twice the risk of dying 

(RR 2.15, 95% CI 1.31-3.55, p =0.003), while patients who were overweight (RR 

0.67, 95% CI 0.49-0.91, p = 0.011) or obese (RR 0.59, 95% CI 0.41-0.85, p = 

0.005) had approximately half the risk of dying, after adjustment for other risk 

factors and using normal weight subjects as the reference group (16).  

 

4.1.7 Hospitalized Individuals 

 

On the whole, the optimal BMI for hospitalized patients was found to be higher than 

the WHO-defined healthy BMI. The optimal BMI for hospitalized patients, depending 

on the specific clinical setting was found to be 28-33. 
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4.2 Mechanisms of the Obesity Paradox 
 

As could be understood from the name of this section the fact that overweight or 

obesity confers an advantage in some clinical situations is still a paradox. Dixon et al. 

summarized some possible mechanisms for protection conferred by obesity (17). 

Suggested mechanisms include:  attenuation of reduction of lean body mass and 

physical function in patients suffering from chronic disease and aging, reduction of 

oxidative stress and inflammation, lowering of the levels of B-type natriuretic peptide 

thereby favourably altering regional sympathetic activity, provision of favourable 

functional lipid profiles, and secretion of adipokines, such as apelin, which might 

provide cardiovascular benefits. Other explanations lie within the field of methodology 

of the studies. Could BMI be a surrogate marker? Being only a crude indicator of 

obesity it is possible that a deeper interrogation of the data would yield new 

explanations. Equally it may be more important to check for healthy food intake, fat 

distribution, body composition and physical activity.  

 

5. Nutritional Therapy in ICU 
 

5.1 Nutrition in ICU 

Provision of nutrition is an integral and critical part of ICU treatment. The enteral 

route is preferred whenever possible in obese as in non-obese patients. 

 

5.2 Energy Requirements in ICU 

It is well established that nutrition is important in critically ill patients. Energy deficits 

in ICU patients are associated with a more complicated course of hospitalization. 

Correlation is found between energy deficit and respiratory distress syndrome, sepsis, 

renal failure, pressure sores, need for surgery, and total complications. No correlation 

is found with length of ventilation, length of stay in ICU and hospital, or mortality (9).  

Energy requirements are usually calculated using published equations, which, in 

critically ill patients, do not correlate well with actual measurements. Using the 

different equations provides only 60% of patients with energy requirements within 

±10% of the actual measured requirements as assessed by indirect calorimetry. 

Ideally, therefore, if the resources are available, the energy expenditure of ICU 

patients should be measured rather than estimated (18, 19).  

 

6. Nutrition of Obese Hospitalized Patients 

6.1 Energy Requirements 

The vast body of evidence on energy requirements is derived from studies in healthy 

adults. Should energy requirements be fully fulfilled or maybe 'less is more'? The lean 

mass and central nervous system account for most of the energy requirements, 

adipose tissue has a relatively low metabolic rate. Therefore estimates of energy 

expenditure are distorted by obesity. Many obese individuals have an increased 

muscle mass relative to their height, in order to give mechanical support to their 

increased total body mass. This means that, in obesity, estimates of LBM derived 

from IBW related to height are likely to be an underestimate. 

The gold standard of energy expenditure measurement is indirect calorimetry. Effort 

should be made to perform indirect calorimetry in ICU patients, particularly in the 
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obese, since equations used for estimating energy requirements are inaccurate and 

are even less so in obese patients (19). When indirect calorimetry is not available and 

an equation has to be used, which equation is most appropriate? The classic equation 

of Harris and Benedict was published in the early 1900s and was derived from a 

population quite different from obese ICU patients. They studied a normal population 

with an average body weight much lower than that prevalent today. In the critically ill 

obese patient, if indirect calorimetry is unavailable, energy requirements should be 

based on the Penn State University 2010 predictive equation, or the modified Penn 

State equation if the patient is over the age of 60 years (19). Cutts et al suggested a 

suitable intake of 20–30 kcal/kg/day on the basis of obesity adjusted weight 

[IBW+(ABW-IBWX0.25)], where IBW is the ideal body weight (males: IBW = 48.2 kg 

for first 1.54 m+2.7 kg per additional 2.54 cm; females: IBW = 45.4 kg for first 1.54 

m+2.3 kg per additional 2.54 cm) and ABW is actual body weight (20).  

 

6.2 Metabolism in ICU and hypocaloric feeding 

In the normal-weight person, the metabolic response to injury causes an increase in 

protein and energy requirements, with mobilisation of endogenous substrates to 

serve as fuel sources and as precursors for intermediary metabolism and protein 

synthesis. This response is mediated by epinephrine, glucagon, cortisol, and growth 

hormone, as well as by insulin resistance and cytokines. Metabolic studies by Kinney 

and others have shown that, during the flow phase of injury, 80-90% of energy is 

derived from fat, a figure no different to the effects of more than 72 hours of 

starvation. This may be modified slightly by exogenous substrate supply, although 

there are limits to how much carbohydrate and protein can be given (see below). 

Obese patients have a catabolic response to injury similar to that of normal-weight 

patients, which puts them at equal or greater risk of nutritional depletion (21).  Their 

large fat stores, unfortunately, do not appear to protect them against the loss of lean 

mass in catabolic illness and one cannot therefore rely on endogenous energy sources 

as some authors have suggested in the past. This contrasts with starvation alone, 

when obesity reduces the rate of nitrogen loss and prolongs survival, its main 

evolutionary advantage.  

The main objectives of management and of feeding in all critically ill patients is to 

preserve or restore function and to preserve as much lean mass as possible since this 

improves outcome and shortens convalescence. An obese patient, like any other 

patient on the ICU should be fed, not with the futile objective of trying to reverse the 

metabolic response to injury in the flow phase, but in order to minimise the loss of 

lean mass and function that occurs when the effects of starvation are added to those 

of the metabolic response to injury. In the past, we have been through the era of 

hyperalimentation when large amounts of carbohydrate were given in an attempt to 

reverse the negative nitrogen balance of the injury response. Not only did this prove 

ineffective but it had several adverse effects including hyperglycaemia, stimulation of 

O2 consumption and CO2 production, liver damage, and excess fat deposition. Any 

nutritional strategy, therefore, needs to balance giving enough to limit loss of lean 

mass against avoidance of excess, with all its complications. In recent years, 

nutritional care teams have adopted a more conservative approach, based on a more 

accurate estimate or measurement of actual requirements and the limits of tolerance. 

A further influence on lean mass is immobility, which itself causes muscle wasting. It 

is impossible to prevent the loss of muscle mass due to immobility by nutritional 

means alone. Any measures, therefore which reduce the period when the patient is 
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bedbound on a ventilator and hasten mobilisation are of benefit in this respect. On 

the other hand in the convalescent anabolic phase a positive nitrogen balance is 

possible with adequate nutrition. In healthy adults, a positive nitrogen balance may 

be achieved either by a high-calorie low-protein (kcal X2 total energy expenditure; 

0.5 g/kg protein), modest-calorie modest-protein (kcal X1.5 total energy 

expenditure; 1.6 g/kg/d protein), or low-calorie high-protein (kcal X0.5 total energy 

expenditure; 2.2 g/kg/d protein), regimen (22). This does not, however, apply to ICU 

patients, because of the catabolic response and immobility; they continue to have a 

negative nitrogen balance and to lose lean mass despite optimal feeding. Studies 

suggest that non-obese traumatized patients lose at least 10% of their body protein 

in the first 10 days (23,24). However, feeding, combined with management designed 

to reduce the severity of the catabolic response (eg control of infection, nursing in a 

warm environment, etc) can limit the loss of lean mass to clinically manageable 

proportions. Once the catabolic or flow phase has passed and the convalescent or 

anabolic phase is reached, positive nitrogen balance becomes possible, and optimal 

feeding, combined with mobilisation, gradually restores the lean mass lost in the 

earlier phase.  As described above, overfeeding, particularly with carbohydrate, 

causes fat but not lean gain, as well as complications such as hyperglycaemia, 

infections, hypercapnia and problems of weaning from the ventilator. Adding calories 

over and above measured expenditure, in an attempt to counteract the catabolic 

response into reverse, is associated with increased complications and is not 

associated with any benefit in terms of reduced protein catabolism. 

The more conservative approach in recent years has been to start with half or two 

thirds of estimated or measured requirements and to build up over 3-4 days to a 

maximum intake. Most studies have suggested that, even with optimal energy supply 

a nitrogen intake exceeding 0.25 g N/kg/day is pointless since any additional protein 

is merely converted to urea. Berger recommends 0.2-0.25 g/kg/day (1.3-1.5 g 

protein/kg/day). In terms of energy intake, her current practice, in burns and trauma 

cases is to give 30-35 kcal/kg/day, but to modify this in the light of indirect 

calorimetry measurements. For reasons given above, this approach may 

overestimate the needs of obese patients. 

An alternative nutritional strategy for obese patients is the so called hypocaloric diet, 

which provides approximately 20 kcal/kg IBW/day and 2 g/kg/day of protein.  

However, only a few relatively small studies have been conducted using this 

approach.  None of them showed differences in mortality, although there was a trend 

towards better glucose control and shorter periods on the ventilator   while 

maintaining a nitrogen balance similar to the standard diet (25). One retrospective 

study of 40 patients, classified by calories received of more or less than 20 kcal/kg 

adjusted body weight and 2 g of protein/kg adjusted body weight showed that 

patients in the hypocaloric group had significantly reduced ICU time and decreased 

duration of antibiotic therapy (26). 

On the whole hypocaloric feeding is an attractive strategy but to date there is a 

relative paucity of evidence with too few well-conducted randomized controlled 

studies to advocate its application (19). 
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7. Summary 

Obesity is pandemic is the western world. Obese hospitalized patients pose particular 

problems. Overall prognosis is no worse and may even be better in some respects 

than non-obese patients. Patients in ICU, including those who are obese are 

catabolic, and therefore need to be fed early to minimise loss of lean body mass. 

Energy needs are best determined by indirect calorimetry since equations, which 

estimate energy expenditure according to height and weight, even when adjusted for 

an illness factor, are inaccurate in this group of patients. The conventional strategy is 

to give 0.2-0.25 g N/kg/day with 30-35 kcal/kg/day. Another approach, particularly 

in obese patients, is to give a hypocaloric high protein diet (20 kcal/kg IBW/day with 

2gN/kg IBW/day). Though there are some promising results from this approach, it 

has yet to be validated in large well-conducted studies. Nutrition is important in all 

patients and the obese are no different in this respect. What the best 

recommendations regarding weight loss and weight gain should be is still unknown.  

We do know that BMI and adiposity are only components of healthy lifestyle. 
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Appendix A: Energy requirement equations 

 Harris-Benedict 

REE = 13.7(W) + 5(H)–6.76(A) + 66.47 [Men] 

REE = 9.56(W) + 1.85(H)–4.67(A) + 655 [Women] 

 Penn state university equation 

Younger obese patients: 

RMR (kcal/d) = MSJ(0.96) + Tmax(167) + VE(31)– 6212 

 

Older obese patients: 

 RMR (kcal/d) = MSJ(0.71) + Tmax (85) + VE(64) – 3085 

 

The MSJ equations are as follows: 

 Men (kcal/day) = 5 + 10 × Weight (kg) + 6.25 × Ht(cm) – 5 × Age(y) 

Women (kcal/day) = –161 + 10 × Weight (kg) + 6.25 × Ht(cm) – 5 × Age(y) 

 

 

Abbreviations:  

• A-age (years); H-height (cm); W-weight (kg); DM-1 in presence of diabetes 

mellitus type II and 0 in absence of diabetes mellitus type II; FFM-fat-free 

mass (kg); Injury Factor = 1.2 (20%)  

•  MSJ = Mifflin–St Jeor equation (below) 

•  VE =minute ventilation (L/minute) 

TMax = maximum temperature in prior 24 hours in degrees C 
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