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Abstract Consecutive cancer refer-
rals to a palliative medicine program
were evaluated to assess nutritional
status using a standard protocol. The
study included 352 patients (180
men, 172 women; median age
61 years, range 22–94 years). The
most common diagnosis was lung
cancer. All had metastatic disease,
139 with gastrointestinal involve-
ment. The most common gastrointes-
tinal symptoms were weight loss
(n=307), anorexia (n=285), and early
satiety (n=243). Of those with any
weight loss, 71% had lost ≥10% of
their pre-illness weight. The most
common factor identified which
might have contributed to weight
loss was hypophagia (n=275/307).
Men had lost weight more often and
to a greater extent than women. Tri-
ceps skinfold (TSF) was measured in
337: 51% had values that suggested
severe fat deficiency. Upper mid-arm
muscle area (AMA) was measured in
349: 30% had evidence of significant
muscle mass reduction. The body
mass index (BMI) was normal or in-
creased in most patients. Calculated
resting energy expenditure (REE)
(n=324) was high in 41%. C-reactive
protein was elevated in 74% of those
measured (n=50). We conclude that:
(1) most of this group of cancer pa-
tients referred to palliative medicine
had severe weight loss; (2) there was
a gender difference in the severity
and type of weight loss; (3) males
lost more weight overall and more

muscle than females; (4) males with
any degree of weight loss had a
higher REE than females; (5) a sig-
nificant correlation existed between
the time from diagnosis to death and
the severity of weight loss in the pri-
or month; (6) BMI was normal in
most patients, suggesting precancer
diagnosis obesity; and (7) both TSF
and AMA correlated well with body
composition of both fat and protein
as determined by bioelectrical im-
pedance.
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Introduction

Malnutrition is common in cancer and adversely affects
quality of life and survival. It is multifactorial involving
host/tumor interactions with increased energy require-
ments and/or losses, despite normal or increased food in-
take [49, 50]. Malnutrition contributes to death in up to
80% of cancer patients [17, 38, 46, 47, 56]. Optimal nu-
trition may improve clinical outcomes [33, 34, 52]. Nu-
tritional assessments identify those who need nutritional
care, and help plan intervention [27, 47, 48, 49]. Suc-
cessful nutritional assessment, however, requires stan-
dardization of definitions, assessment tools, criteria for
nutritional intervention and appropriate end-points for
outcomes [27, 48, 49, 50]. There is no agreed approach
to this in cancer management.

Four types of data may help determine nutritional sta-
tus [27, 33, 34, 52]:

1. Dietary: appetite, weight, activity level, food habit,
bowel movements, medications, food aversions, intol-
erance, allergies, and symptoms related to digestion.

2. Physical: clinical indicators that detect nutritional de-
ficiencies.

3. Biochemical: levels of visceral proteins and other
compounds in serum and urine

4. Anthropometric: these quantify body compartments
and are compared with values from age- and sex-
matched normal populations to estimate body muscle
and fat mass.

An ideal nutrition tool needs to be easy to use, cost-ef-
fective, reproducible in several clinical settings, valid,
and able to predict those who need intervention [4, 16,
34, 52]. No single tool meets these criteria [4, 16].

We report a prospective evaluation of nutritional sta-
tus in advanced cancer at the Palliative Medicine Pro-
gram of the Cleveland Clinic Foundation. We developed
an empirical nutritional assessment that included easily
performed non-invasive parameters suitable for use at
the bedside or in the outpatient clinic amongst patients
with advanced cancer. We emphasize those assessments
with high validity and practicality for cancer populations
based on literature review and our clinical experience.
To our knowledge, this was the first such comprehensive
nutritional assessment to be conducted specifically
amongst patients with advanced cancer.

Patients and methods

Between November 1998 and August 1999, consecutive patients
with advanced cancer presenting to the Palliative Medicine Pro-
gram of the Cleveland Clinic Foundation were evaluated for nutri-
tional status. Evaluation took place on the palliative medicine in-
patient unit, outpatient clinic and other inpatient units through our
consultation service. The study protocol was approved by Cleve-

land Clinic Foundation Institutional Review Board (IRB). Infor-
mation gathered included age, gender, primary diagnosis, and ex-
tent of disease including gastrointestinal (GI) or intraabdominal
involvement. Current medication possibly affecting nutritional sta-
tus such as anabolic steroid (e.g. testosterone), corticosteroids, im-
munotherapy (e.g. interleukins), megestrol acetate, recent chemo-
therapy, and radiotherapy within the last month was noted from
the medical records. A standardized GI symptom questionnaire
was administered by a palliative medicine physician.

Physical examination including the appearance of skin, lips,
and tongue, loss of subcutaneous fat, extremity edema and ascites,
body temperature, pleural effusion, weight and height were deter-
mined by a physician using a checklist (present/absent). Cheilosis
(vertical cracks in center of lips with swelling), angular stomatitis
(redness, cracking and flaking at the corners of the mouth), lingual
papillary atrophy (smooth, pale tongue, and atrophied taste buds)
and glossitis (red and painful tongue with atrophic taste buds)
were sought. Ascites and pleural effusions were detected using the
most recent available prior CT scan and other radiology reports.
Loss of subcutaneous fat suggests cachexia.

Loss of subcutaneous fat was identified by clinical observation
(clinical appearance of cachexia). Ideal body weight is the weight
value recommended for a given height and age in the weight ta-
bles published by the United States government [24]. The actual
body weight was measured using the hospital electronic weight
scale. Patients were weighed without shoes, purse, or Foley bag.
The absolute body weight was measured using bioelectrical im-
pedance (BEI). Either ≥10% weight loss over the prior 6 months,
or ≥5% over the prior month has been used to define cachexia [6,
8]. All ascites and pleural effusion were identified by the most re-
cent available suitable tests (e.g. CT scan). Hemoglobin and serum
albumin were recorded from the chart. C-reactive protein (CRP)
was ordered after verbal consent from the patient but only done
when there was another routine non-research laboratory blood test
on the same day of assessment.

Triceps skinfold (TSF) measurement is a practical, inexpen-
sive, and objective assessment of nutritional status. It measures
subcutaneous fat and evaluates both body fat and caloric stores [2,
22, 23, 24, 25]. It was measured in the right arm, unless arm ede-
ma or paralysis was present. If possible, the patient was standing
or sitting erect with bare arm and shoulder. The arm was held ver-
tically, so as not to rest on any surface. Fat thickness at the triceps
muscle is not uniform, so measurement was always at a specific
point (the posterior midpoint between the acromion and olecranon
process). We compared our measurements to the National Center
for Health Statistics tables [1, 23, 24]. Fat depot deficiency is mild
if the TSF is within the 30th to 40th percentile of the standard,
moderate between the 25th to 35th percentile, and severe below
the 25th percentile [2].

A direct measurement of mid-arm circumference (MAC) and
calculation of bone-free mid-arm muscle area (AMA) is sensitive
to body protein stores [2, 22, 23, 24, 25] and assesses muscle
wasting and protein-calorie malnutrition [2, 22, 23, 24, 25]. MAC
at the posterior midpoint between the acromion and olecranon pro-
cess was measured by flexible nonstretch tape. The tape was held
firmly but gently so there was no soft tissue compression. AMA
less than the 15th percentile suggests severe muscle mass reduc-
tion [2]. AMA was calculated from the following formulas: for
women [(MAC−π)×(TSF)]2/4π−6.5, and for men [(MAC−π)
×(TSF)2/4π]−10 [20, 32]. We compared our results with normal
values (by age and gender) [1, 23, 24].

Body mass index (BMI) was calculated from BMI=weight
(kg)/height (m2) [31, 32]. BMI has been used in evaluating both ca-
chexia and obesity [11]. The normal range proposed by the World
Health Organization (WHO) is 18.5 to 24.9 kg/m2 [58]. The risk for
protein-calorie malnutrition was graded as mild, moderate or severe
according to BMI: mild 17.0 to 18.4 kg/m2; moderate 16.0 to
16.9 kg/m2; severe <16.0 kg/m2 [11, 29]. Resting energy expendi-
ture (REE) was calculated using the Harris-Benedict formulas: for
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men REE (kcal/day)=5×(height in centimeters)+13.7×(weight in ki-
lograms)+66−6.8×(age in years); for women REE (kcal/day)=
1.85×(height in centimeters)+9.6×(weight in kilograms)+655−
4.7×(age in years) [28]. REE results were compared to the normal
median REE (1377 kcal/day) measured using indirect calorimetry in
12 healthy males and 5 healthy females 56±3.5 years old [57].

BEI was measured between the right wrist and right ankle us-
ing a tetrapolar electrode method [31, 41, 42]. The subject was
lightly clothed without shoes or socks, supine with extended ex-
tremities. Adhesive electrodes were positioned in the middle of
the dorsal surfaces of the right hand and right foot proximal to the
metacarpophalangeal and metatarsophalangeal joints. A second set
was placed between the distal prominence of the radius and the ul-
nar styloid and between the medial and lateral malleoli of the an-
kle. A small alternating electrical current was applied to the distal
electrodes and the proximal electrode detected voltage drop [37,
51, 55]. A body composition analyzer (Preventive Medicine Tech-
nology, Beaverton, Ore.) was used to measure the total BEI score.
Lean body mass, body fat, and basal metabolic rate were calculat-
ed from a computer analysis of weight, height, age, gender, and
BEI. The t-test was used to compare each variable between men
and women.

Results

Demographics and survival

Of 451 consecutive patients screened, 99 were ineligible,
resulting in a final study population of 352. Of these,
262 were seen in the palliative medicine inpatient unit,
34 in outpatient clinic and 56 in other inpatient units
through our consultation service. Reasons for ineligibili-
ty were: confusion and altered mental status (n=35), ac-
tively dying (n=28), patient refusal (n=20), language bar-
rier (n=11), and hearing or communication impairment
(n=5). There were 180 men and 172 women, median age
61 years (range 22–94 years). All had metastatic cancer
with the lung as the most common primary site (Ta-
ble 1). The patient population was representative of the
general cancer population in terms of age; cancer prima-
ry sites were similar to current cancer mortality by dis-
ease site in the United States [18]. GI or intraabdominal
metastases were present in 40%, liver metastases in 26%,
and intraabdominal lymphadenopathy in 11%.

Gender differences were found. Male actual body
weight was greater (P=0.001), they had lower BMI
(P=0.034), smaller TSF (P<0.001), greater AMA
(P=0.03), greater lean body mass (P<0.001), and higher
calculated REE (P<0.001). It is also noteworthy that
there was a higher total BEI score in women compared
to men: mean (530±106 vs 484±100; P<0.001). Survival
information was available in 53%. The median survival
from diagnosis to death was 16 months (range 0.5 to
470 months) and after assessment about 1 month (range
1 day to 7 months). A significant correlation existed be-
tween survival post-study and the severity of weight loss
in the prior month, but not with severity of weight loss
overall. There was no relationship between survival after
assessment and CRP level.

History and symptoms

There were 16 distinct GI symptoms (Table 2). The most
common were weight loss, anorexia and early satiety.
The absolute number of GI symptoms correlated (r=0.8)
with severity of weight loss (P=0.01; Fig. 1). Taste

Table 1 Primary cancer diag-
noses in the study population
(n=352)

Diagnosis %

Lung 18
Colorectal 11
Breast 8
Prostate 6
Kidney 6
Multiple myeloma 4
Unknown primary 4
Head and neck 4
Esophagus 4
Pancreas 3
Others 32

Table 2 Gastrointestinal symp-
toms (n=352) Symptom %

Weight lossa 85
Anorexia 81
Early satiety 69
Dry mouth 69
Constipation 59
Nausea 49
Bloating 43
Vomiting 38
Abdominal pain 37
Dyspepsia 35
Belching 35
Hiccup 25
Diarrhea 24
Sore mouth/throat 22
Decreased taste 16
Odynophagia 15

Fig. 1 Severity of weight loss during the 6 months before assess-
ment and GI symptoms (n=307)

a Weight loss (any severity) in
the 6 months prior to assess-
ment
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changes included an abnormal (e.g. metallic) taste in
16%, decreased taste in 16%, and increased taste in 7%.
Decreased sense of smell was present in 10%. Diarrhea
was more common in women (30%) than in men (18%;
P=0.01). Men lost weight more frequently and severely
than women (Fig. 2). This was true for both the 1-month
and 6-month time frames.

Weight loss was more common than anorexia. In the
6 months before assessment, 87% had lost some weight,
and most (71%) lost ≥10% of pre-illness weight. Of the
latter most (61%) also had anorexia. Comparing males
(n=161) and females (n=139) with any degree of weight
loss, males showed a higher calculated REE (54% vs
24%; P=0.0001). Females had lower TSF than males
(79% vs 27%; P=0.0001). Most of those with anorexia
(n=285, 81%) also had either hypophagia (84%) or had
lost some weight (88%; P=0.001). It is noteworthy that a
significant minority (16%) of those with anorexia report-
ed either normal food intake or hyperphagia. Neverthe-
less, 83% of all patients had hypophagia within both
1 month and 6 months before assessment.

Of all those studied, 47% were receiving corticoste-
roids (which may increase appetite) for various reasons
including brain metastasis, spinal cord compression, and
nausea, and 7% were on megestrol acetate. No other
known appetite stimulants were being used. Within the
month prior to evaluation, 24% had received chemother-
apy and 28% radiation therapy. With regard to nutritional
supplementation, 3% were receiving enteral nutrition
(due to dysphagia from esophageal or head and neck
cancer), 2% parenteral nutrition, and 1% other supple-
ments.

Biochemical measurements and radiological 
investigation

Hemoglobin was measured in 106 patients. The median
was 10.6 g/dl (range 6.5–22 g/dl). Most patients (72%)
were anemic (hemoglobin <12 g/dl in females and
<13.5 g/dl in males) [12]. Serum albumin was measured
in 103 patients. The median was 3.2 g/dl (range
1.6–4.8 g/dl). The majority of patients (66%) were hypo-
albuminemic (normal 3.5–5 g/dl) [12]. CRP was mea-
sured in a subgroup of 50 patients, of whom 74% had a
high CRP (median 5.1 mg/dl, range 0.3–29 mg/dl; nor-
mal 0–2 mg/dl). A low serum albumin was found in 92%
of those with elevated CRP compared to 11% with nor-
mal CRP (P=0.0001).

Physical examination and anthropometric measurements

Physical signs suggestive of nutritional deficiency were
common (Table 3). The median/range (kilograms) of
lean body mass, body fat, and absolute body weight were
51.3 (9.9–92.4), 12.4 (1–57), and 65 (33–182), respec-
tively, calculated individually by BEI (n=329). The pro-
portion of those with fat loss increased with greater
weight loss. Of those with ≥10% weight loss during the
prior 6 months, males lost more muscle mass than fat.
Females lost both muscle mass and fat. Patients with
clinical cachexia were significantly different from those
without (Table 4). The former had more abdominal me-
tastasis, hypophagia, and anorexia. They had also lost
more weight, fat, and muscle compared to non-cachectic
patients. There were also gender differences amongst
those with clinical cachexia. Males lost less fat and had a
higher REE than females (Table 5). Of all patients, 48%
were judged to be clinically cachectic, and nearly all
(95%) of those had anorexia. Peripheral edema was com-

Fig. 2 Severity of weight loss during the 6 months before assess-
ment and gender (n=307)

Table 3 Physical signs suggesting specific nutrient deficiency
(n=352)

Sign % Possible nutrient deficiency

Dry skin 37 Zinc, vitamin A, and essential
fatty acids

Pleural effusions 34 Proteins
Edema 31 Proteins
Ascites 19 Proteins
Cheilosis 15 Riboflavin (B2)
Glossitis 13 Folate, and vitamins B2, B3, 

B6 and B12
Atrophic papillae 9 Folate, iron, and vitamins B2,

B3 and B12
Angular stomatitis 5 Riboflavin (B2), and iron
Skin rash 4
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mon (31%), and was more frequent in women than men
(P=0.03).

BMI was calculated in 346 patients. The median was
23.6 kg/m2 (range 12–54 kg/m2). BMI was normal or
high in 87%. Amongst those with either normal or high
BMI, 11% had AMA values consistent with severe mus-
cle mass reduction (P=0.0001; r=0.4). AMA was calcu-
lated in 349 patients. The median was 32.6 cm2 (range
11.3–117.9 cm2). Severe muscle mass reduction was seen
in 30%, and in 78% of these BMI was either normal or
increased. TSF thickness was measured in 337 patients.
The median was 1.1 cm (range 0.06–2.1 cm). There was
evidence of severe fat storage deficiency in 51%, and par-
adoxically amongst these BMI again was usually (86%)
either normal or increased. REE was calculated in 324
patients. The median was 1350 kcal/day (range
872–2415 kcal/day). A REE greater than 1377 kcal/day,
suggesting a high basal metabolic rate, was seen in 41%.

Discussion

Symptoms and malnutrition

The distribution of primary sites in our study was similar
to that in data on current cancer mortality by disease site
in the United States. GI symptoms were common [17,

35], even without intraabdominal carcinomatosis or GI
metastasis. The absolute number of GI symptoms corre-
lated with weight loss severity. Evidence of vitamin and
nutritional deficiencies were common. Survival correlat-
ed with the severity of weight loss during the previous
month. Survival information was not available in most.
This was due to death in a hospice other than the Cleve-
land Clinic, in a state other than Ohio, or of non-hospice
patients at home. Many cancer patients seem to die with
a normal ideal weight despite significant weight loss.
Radiation, chemotherapy, nausea, dysphagia, diarrhea,
and constipation may contribute to malnutrition [6, 26]
in addition to the cancer.

Anorexia and cachexia

The term cachexia is derived from the Greek kakos (bad)
and hexis (condition). It was reported in 1932 as an im-
portant cause of death in advanced cancer [1, 56]. Ca-
chexia may develop in different diseases (cancer, conges-
tive heart failure, etc.). Proinflammatory cytokines are
important etiologies [14, 15, 21]. The definition is contro-
versial. Either tissue loss or ≥10% weight loss during a 6-
month period has been used [7, 45]. Amongst those in our
study judged to be clinically cachectic, anorexia was
nearly universal, but anorexia was not necessarily accom-
panied by reduced food intake (hypophagia). Even
amongst those with severe weight loss, anorexia was not
always present, suggesting perhaps a different pathophys-
iology. In our study, some patients with anorexia had ei-
ther normal food intake or hyperphagia. Anorexia may
not be the cause of cachexia. The term “anorexia-cachex-
ia syndrome” may therefore be misleading. Some believe
cachexia is due to a sequence of anorexia, hypophagia,
and starvation. This may be incorrect. Total parenteral
nutrition does not reverse cachexia [3, 9, 33]. Starvation
initially only causes fat loss, while cachexia is associated
with both fat and muscle loss [10, 54].

Cachexia and weight loss

Weight loss is known to negatively affect both quality of
life and survival [3, 4, 39]. Despite significant weight
loss, most of our cancer patients seemed to die with a
normal ideal body weight. This appeared to be due to
precancer diagnosis obesity. Weight loss alone is there-
fore insufficient to define cachexia [36, 26]. Obesity ap-
pears to be a significant risk factor for developing cancer
or perhaps itself is a poor prognostic indicator in those
who develop cancer.

Table 4 Comparison of cachectic and non-cachectic groups (TSF
triceps skinfold, AMA arm muscle area)

Cachexia No cachexia P value
(n=169) (%) (n=183) (%)

Gastrointestinal metastasis 49 35 0.009
Anorexia 86 72 0.003
Constipation 61 52 0.09
Decreased food intake 83 59 0.0001
Dry mouth 71 61 0.07
>20% weight loss last 48 19 0.0001

6 months
Decreased TSF 31 10 0.0001
Decreased AMA 84 69 0.037

Table 5 Comparison of cachectic males and females (TSF triceps
skinfold, AMA arm muscle area, BMI body mass index, REE rest-
ing energy expenditure)

Variables Females Males P value
(n=70) (%) (n=99) (%)

Weight loss last 6 months 99 100 0.2
Decreased AMA 93 95 0.3
Decreased TSF 93 35 0.00001
Decreased AMA and TSF 89 34 0.00001
Weight loss last month 89 85 0.001
Increased BMI 23 28 0.4
Increased REE 16 44.5 0.00008
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Cachexia

Clinical cachexia seemed to be the best representative of
the anorexia-cachexia syndrome. In our study, there was
a high frequency of anorexia, constipation, and hypopha-
gia amongst those who were clinically cachectic. More-
over, clinical cachexia was an important predictor of se-
vere weight loss. Strong relationships existed between
clinical cachexia and abnormalities in TSF and AMA.
However, significant weight loss existed amongst those
without clinical cachexia. Our data showed two different
gender-related catabolic changes. Females lost equal
amounts of muscle mass and fat while males lost more
muscle mass. In advanced cirrhosis, males have been re-
ported to lose more muscle mass and females more fat
[40, 43]. In advanced cancer, some have reported muscle
loss only, others both fat and muscle loss [13, 14, 30]. A
significant correlation has been previously reported be-
tween TSF and weight loss amongst cancer patients [13].
This was also true in our study. TSF abnormalities have
also been reported to predict mortality [44], but we did
not find a correlation (however, our survival data were
incomplete).

CRP, REE, and malnutrition

Increased REE [5, 59] may be responsible for cancer-as-
sociated weight loss. Males lost weight more frequently
and severely than females especially from muscle wast-
ing. It is noteworthy that males with any degree of
weight loss had a higher REE than females. Increased
CRP was highly correlated with decreased albumin but
not with degree of weight loss or survival. In a previous
study, CRP and REE have been found to be correlated in
patients with advanced lung cancer [19, 53]. We did not
observe this. However, our laboratory data for albumin
and CRP were incomplete and therefore may not have
reflected the entire group. There was no correlation be-
tween REE and AMA, TSF, or MAC.

Bioelectrical impedance

AMA, TSF, and both body fat and muscle mass, as mea-
sured by BEI, were correlated with clinical cachexia. Al-
though there was a difference in the BEI score between
men and women, we have no evidence that the BEI score
alone has any validity. High female body fat content
might have caused the low BEI scores [1]. We consider
clinical cachexia, AMA, TSF, and BEI of body fat and
muscle mass together (but not weight loss alone) there-
fore best to evaluate nutritional status. AMA and TSF do
not appear to add any additional information to BEI used
alone. We consider BEI as an additional easy method to
assess cachexia [36].

Future research

Clinical trials in cachexia need to incorporate laboratory
and anthropometric measurements with quality of life
and prognostic instruments. Universally applicable diag-
nostic criteria for cachexia need to be developed. BEI
should be incorporated in all therapeutic trials in cachex-
ia to evaluate the body composition response to the stud-
ied drug.

Conclusions

1. Most patients had severe weight loss. BMI was nor-
mal in most. Most had normal actual weight despite
significant post-illness weight loss suggesting pre-ill-
ness obesity. Men lost weight more frequently and se-
verely than women.

2. Major differences in anthropometrics were found be-
tween males and females. Females lost equal amounts
of both fat and protein, while males lost more protein.
Males with any degree of weight loss had a higher
REE than females.

3. Neither anorexia nor weight loss alone were sufficient
to define cachexia. Clinical cachexia seemed to be the
best representative of the anorexia-cachexia syn-
drome. The absolute number of GI symptoms corre-
lated with severity of weight loss. GI symptoms, par-
ticularly anorexia and weight loss, were frequent. A
significant minority of patients with anorexia reported
either normal or increased food intake. Physical signs
of nutritional deficiency were common.

4. A significant correlation existed between the time
from diagnosis to death and weight loss in the prior
month.

5. No single measurement is adequate to evaluate nutri-
tion or protein-energy malnutrition. There was evi-
dence of cachexia by BEI, AMA, and TSF despite
normal or high BMI. AMA and TSF do not appear to
add further information to BEI used alone. BEI is a
non-invasive and simple test of body composition and
nutritional status in advanced disease and can be used
as an alternative to TSF and AMA. Serum CRP was
often abnormal and correlated with decreased serum
albumin but not with severity of weight loss. Anemia
and hypoalbuminemia were common.
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