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Determining the heart rate, breathing rate, temperature and
blood pressure is an essential and fundamental component of
western medicine and of the interaction between health care
provider and patient. These physiological parameters are easily
measured by physical examination or with a diagnostic device.
They are normally maintained within a physiological range by
homeostatic feedback systems that have powerful compensatory
capabilities. Measurements that exceed or drop below a threshold
indicate an underlying pathology and are often associated with
increased morbidity and mortality. Furthermore, they may serve
as a diagnostic criterion, a prognostic factor, and/or as an indica-
tion to initiate treatment. In this brief article, we intend to show
that body weight/body mass index (weight/height? in kg/m?) is
also a vital sign.

Body weight regulation

In adults, body weight is efficiently maintained at a set point.
Energy intake and expenditure are regulated by the nervous and
hormonal systems, including peptides from the gastrointestinal
tract, pancreas and adipose tissue. These modulate multi-level
physiological processes from motivation to mitochondrial function
in order to match energy intake to energy expenditure. It has
been calculated that the accuracy of matching energy intake and
expenditure over one year is more than 95.5% in adults [1]. The
finding of a BMI beyond the 20-30 range or of significant weight
loss in a short period indicates a significant deviation in energy
balance and has detrimental health implications.

Epidemiology and pathophysiology of BMI
variations and weight loss

Excess weight gain in children and adults is increasingly preva-
lent worldwide. A large international study found 24% of men
and 27% of women to be clinically obese, i.e., having a BMI >
30, although national and ethnic variations exist [2]. Obesity
predisposes to type 2 diabetes and atherosclerosis-related dis-
ease (3] and is associated with an increased long-term risk of
premature death secondary to these disorders and certain cancers

BMI = body mass index

[4,5]. These deleterious consequences of excessive weight gain
are not due to the physical characteristics of triglycerides and
adipose tissue, but rather to the spillover of free fatty acids and
inflammatory mediators from the expanded adipose tissue. This
leads to insulin resistance, dyslipidemia, non-alcoholic fatty liver
disease and atherosclerosis. The intra-abdominal fatty deposit is
the leading culprit behind the systemic effect of obesity, probably
due to its propensity to attract macrophages, its resistance to
insulin’s inhibitory effect on lipolysis, its prominent blood supply
and its venous drainage to the liver. Conversely, subcutaneous fat
in the lower extremities appears to be protective [3]. BMI serves
as an imperfect but easily obtained index of excess adiposity.
Once obesity is diagnosed, lifestyle and pharmacological or surgi-
cal interventions are indicated, as well as the assessment and
treatment of associated pathologies [3].

In contrast to obesity, unintentional weight loss is typically
the result, rather than the cause of an underlying pathology.
Occasionally, however, a cause for weight loss and low body
weight is not identified. In addition, weight loss is often as-
sociated with nutritional deficiencies that negatively impact any
major underlying disease [6,7].

Chronic severe medical disorders such as advanced human
immunodeficiency virus infection and cancer, as well as chronic
insufficiency of a vital organ (chronic heart or renal failure,
chronic obstructive pulmonary disease, etc.) induce a debilitating
catabolic state termed cachexia. The latter may be defined as a
pathological loss of weight with a disproportionate reduction in
skeletal muscle mass. To a certain degree, a reduction in lean
body mass is a normal part of aging (sarcopenia). However, the
prevalence of chronic organ failure increases with age, and its
effect on body weight is superimposed upon sarcopenia. Weight
loss in the elderly may also be exacerbated by various psychoso-
cial factors, loss of appetite, malabsorption and musculoskeletal
deconditioning [8,9]. Given the growing elderly population and
increasing incidence of the chronic diseases mentioned above,
cachexia is quite common. Discerning clinically between sarco-
penia and cachexia is challenging [9], but the simple finding of
significant recent weight loss and/or a reduced BMI is strongly
predictive of short-term mortality in hospitalized patients [10],
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the elderly dwelling in the community [11] or a nursing home
[12], patients with HIV infection, cancer or chronic insufficiency
of a vital organ [9], and in the adult population as a whole [13].
Results of a 35 year cohort study of more than 5000 Jewish Israeli
adults (the Israel Glucose Intolerance, Obesity and Hypertension
study) recently showed that in males, an initial BMI of below 20
or above 30 were significantly associated with increased mortality
[14]. In this study females with a low BMI did not exhibit excess
mortality.

Associations of mal- and overnutrition with
inflammation

Humans, like other organisms, avidly store energy and nutrients
that are distributed according to the particular priorities arising
during scenarios such as the postprandial state, starvation, exer-
cise, and infection/trauma. Together with the robust inflammatory
and immune response to invading pathogens, these capabilities
promote survival during times of lack and infection. Inflammation
and nutrient supply are also essential for repair and recovery from
injury and aseptic tissue damage. Cells involved in metabolism
(adipocytes, hepatocytes, myocytes) and inflammation (leukocytes
and resident macrophages) share molecular machinery (e.g., pat-
tern recognition and cytokine receptors, stress kinases, peroxisome
proliferator-activated receptors), which facilitates dual communica-
tion. They become interdependent during infection and trauma:
inflammatory cells are dependent on macro- and micronutrients in
order to execute an effective innate immune response; hepatocytes
require a large quantity of amino acids to synthesize. Acute-phase
reactants target pathogens and enhance inflammation. Nutrient
re-prioritization during infection and trauma is mediated to a
great extent by pro-inflammatory cytokines, with skeletal muscle
bearing the burden of proteolysis [15,16].

BMI and weight should be considered the
sixth vital sign and should be more widely
implemented for the initial diagnosis of
malnutrition, obesity and their

associated disorders

In the past, and in some third world countries today, malnutri-
tion was a major cause of death from infectious disease and of
the short average lifespan. The advantage in having both a robust
inflammatory response and a metabolic system gauged for nutri-
ent deficiency becomes apparent during acute infection at times
of insufficient food supply; its downside has only recently been
uncovered. Prevention and treatment of infectious disease has
prolonged life expectancy. Energy-dense, highly palatable foods
are now more available and the need to exert physical effort is
lower than ever before, leading to an escalating positive energy
balance. These changes facilitated the transition from an era of

HIV = human immunodeficiency virus
TNFo, = tumor necrosis factor-alpha

communicable diseases to the present epidemic of obesity and
chronic inflammatory disease [16,17].

When excess caloric intake surpasses the body's ability to
store energy-providing nutrients, a spillover of glucose and fatty
acids to the blood and certain tissues occurs. Elevated levels of
glucose and free fatty acids, as seen in obesity, induce oxidative
stress and activate stress kinases that lead to inflammation,
insulin resistance and cytotoxicity. In the obese state, the liver
and visceral adipose tissue produce inflammatory mediators such
as tumor necrosis factor-alpha. Inflammation itself reduces insulin
sensitivity, permitting increases in glucose and free fatty acid
levels. A vicious cycle of chronic inflammation, elevated glucose
and fatty acid levels, insulin resistance and organ damage, paves
the way to diabetes, atherosclerosis and other diseases [15].

Cachexia and other forms of pathological weight loss are
often the result of chronic systemic inflammation. The circulating
and tissue levels of inflammatory mediators are increased in
disease states in which cachexia is common; mediators such
as TNFo (cachectin) and interleukin-1 beta contribute both to
protein loss from skeletal muscle and to anorexia [8,9]. Thus,
inflammation is a major instigator of the cachectic phenotype,
and both obesity and cachexia are causatively associated with
inflammation. Given the role of the latter in acute and chronic
disease, this association may explain the increased mortality seen
in both over- and undernutrition. In other words, there appears
to be a J-shaped correlation between BMI and between both
mortality and the degree of inflammation [Figure 1]. The J-curve
appears to shift to the right in the elderly, in critically ill patients
and in those with chronic organ failure (congestive heart failure,
chronic obstructive pulmonary disease, chronic renal failure, etc),
in whom higher weight appears to be protective. This is partially
due to the fact that obesity leads to long-term mortality, whereas
it is short-term mortality that is increased in cachectic diseases.
However, the precise mechanisms and clinical implications of the
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Figure 1. J-curve correlation between BMI and between inflammation
and mortality. The magnitude of inflammation and the mortality rate (Y
axis) are greater at the extremes of BMI (X axis). Long-term mortality
is higher in relatively healthy middle-aged — adults (continuous line
curve). The J-curve appears to be shifted to the right (dotted line
curve) in the elderly and in patients with severe disease and chronic
organ failure, i.e., being overweight appears to actually be protective.
This may be because lean body mass, which is reduced in cachexia,
contributes to the BMI and is often referred to as the obesity
paradox. Still, depending on the clinical scenario, a particular BMI
correlates with both inflammation and mortality.
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“obesity paradox,” a form of reverse epidemiology, remain to be
established, and this phenomenon does not distract from the
importance of weight/body mass assessment [18].

BMI and weight change should be, but often are
not assessed

Thus, weight measurement supplies us with critical information
regarding a patient's overall condition, possible underlying
and associated conditions, and the risk of increased morbidity
and mortality. Occasionally, it will serve as an indication for
therapeutic intervention such as the administration of nutritional
support or bariatric surgery. Do these characteristics not accredit
weight/BMI the title of vital sign?

Pain is referred to as the fifth vital sign, partially in order to
promote awareness of pain recognition and treatment among
health care professionals [19]. Pain is also one of the five car-
dinal signs of inflammation designated by Celsus and Virchow,
along with redness, heat, swelling and loss of function [20]. We
propose that weight/BMI be considered the sixth vital sign, and
emphasize that mass matters and that detecting and treating
patients with abnormal measurements is elementary medicine.
Also, we suggest that an abnormal BMI/weight loss is the sixth
sign of inflammation.

In reality, measuring BMi and assessing weight change are
neglected by health care providers. In a recent population-based
study of adult Israelis, the body weight of only 40% of obese
individuals had been measured in the clinic within the previous 5
years [21]. A recent European survey of 16,456 patients including
198 Israeli patients showed that Israel had one of the lowest
rates of weighing patients on admission. This parameter was,
however, of importance since it correlated strongly to length of
stay [21,22].

Conclusions

Obesity is a health care burden of global dimensions and is
being addressed by health organizations, governments, medical
associations and medical care systems that emphasize the need
to diagnose and treat patients with elevated BMI. But in our
age of plenty, of advanced imaging technology and tailor-made
molecular therapeutics, the failure to identify malnutrition, the
diagnosis of which is simple, safe and cheap, is not excusable.
Treatment of malnutrition is an attainable goal and can reduce
morbidity, length of hospital stay and possibly mortality [23],
further underscoring the need for body mass/weight assessment
in health care [24].
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