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ABSTRACT: Objectives: The measurement of total energy expenditure (TEE) plays an impor-
tant role in planning correct nutritional support for cachectic cancer patients. Its measure-
ment, however, remains problematic, and the available knowledge on this subject is almost nil.
The aim of this communication was to report our preliminary findings regarding TEE as mea-
sured through a portable device, the BodyMedia SenseWear armband.

Methods: TEE was measured in 14 patients (6 women and 8 men) over a 3-day period, using
the SenseWear armband (BodyMedia, Inc., Pittsburgh, PA, USA). Recording was from midnight
on day 0 to midnight on day 3 (72 hours consecutively). Patients baseline characteristics were
(mean * SD) age 65 £ 9 years, body mass index 21 * 3 (calculated as kgim?), weight loss 18%
t+ 13. All patients were affected by advanced cancer, mainly from the gastrointestinal tract.
Results: The resting energy expenditure (REE) according to the Harris-Benedict equation was
22 + 3 Kcallkg per day. Mean daily TEE measured through the armband was 28 £ 3 Kcallkg
per day. The TEE/REE ratio was only 1.27, which indicates that the energy requirement of these
patients is rather low because of reduced physical activity.

Conclusions: Preliminary data suggest that the TEE of cachectic cancer patients is lower than
usually expected, because of low levels of physical activity. If these data are confirmed in a
larger series of patients, it will be possible to plan the nutritional support of advanced cancer
patients more accurately. (Nutritional Therapy & Metabolism 2008, 26:45-7)

KEY WORDS: Calorie requirements, Cancer patients, Energy expenditure, Resting energy ex-

penditure, Total energy expenditure

INTRODUCTION

The first studies investigating energy expenditure
in cancer patients date back to the 1980s (1, 2) and
were mainly addressed to understanding whether an
excessive resting energy expenditure (REE) could ac-
count for the progressive weight loss of advanced can-
cer patients. On the whole, the data showed that a mild
hypermetabolism (approximately > 15%) was a com-
mon finding (3), and, if not compensated for by an in-
creased energy intake for a period of several weeks, it
could account for the ongoing deterioration of the pa-
tients’ nutritional status (4). From a clinical perspec-
tive, however, oncologists and nutritionists are more
interested in estimating the total energy expenditure
(TEE) of patients, because meeting the total calorie
requirement through adequate administration of nutri-
tional substrates remains the cornerstone of the nutri-

tional rehabilitation of wasted patients.

Data concerning the TEE of advanced cancer pa-
tients are very scarce and refer to very small series of
patients who were studied in metabolic wards for a
very limited period of time (5). We report here our
preliminary experience with 14 advanced cancer pa-
tients in which TEE was measured for 72 consecutive
hours through a recently available portable armband
device.

PATIENTS AND METHODS

Fourteen consecutive adult wasted and weight-los-
ing patients admitted to our hospital in Prato and suf-
fering advanced metastatic solid tumors (9 colorectal,
3 gastric, and 2 pancreatic) were considered eligible
for the study if they had an expected hospital stay of at
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least 3 days, they had no evidence of endocrine dis-
ease and no major impairment of organ function, they
were not febrile and were not receiving steroids or any
nonsteroidal antiinflammatory drugs. No patient was
in a postoperative state or had an infectious complica-
tion. The presence of edema or pleural or peritoneal
effusions disqualified the patient for this investigation
and was assessed through a clinical examination and a
total body computed tomography scan that was an
obligatory part of the oncologic staging. Eleven pa-
tients were investigated during the diagnostic work-
up, and 3 during the interval between 2 cycles of
chemotherapy. Food intake was grossly quantified as
either normal (i.e., similar to that prior to the disease),
low, or very low (i.e., almost nothing) on the basis of a
specific inquiry directed to the patient and/or the at-
tending nurses.

The portable armband (SenseWear armband; Body-
Media, Inc., Pittsburgh, PA, USA) uses a 2-axis ac-
celerometer, a heat flux sensor, a galvanic skin re-
sponse sensor, a skin temperature sensor, and a near-
body ambient temperature sensor to capture data. These
data, as well as height, body weight, and handedness,
are used to calculate the TEE.

The procedure was explained to the patients who
agreed to have the armband placed on the upper right
arm (on the triceps and at the midhumerus point) for at
least 72 consecutive hours and to remove it only for

TABLE I - MAIN CHARACTERISTICS OF PATIENTS

Number of patients
Age, years (range)
Primary tumor

14 (8 men, 6 women)
65+9(50-79)

Colorectal 9

Gastric 3

Pancreatic 2
Stage

111 12

v 2
Chemotherapy ongoing 3

70+ 15 (50-104)
57 +9 (40-70)
18 £ 13 (1-46)
21 +£3(16-25)

Usual body weight, kg (range)
Present body weight, kg (range)
Percentage weight loss, body mass index (range)

Nutrient intake

Normal 2
Low 8
Very low 4
REE, Kcal/kg per day (range) 22 +2(19-26)

Data are means * SD (range), or number, as indicated.
REE = resting energy expenditure calculated by the Harris-Benedict equa-
tion.

bathing purposes or any activity involving water.

Finally, data were downloaded, and the software
(InnerView Research, version 5.1; BodyMedia, Inc.)
then provided percentages of on-body time. Main
characteristics of the series are reported in Table I.

RESULTS

All 14 patients wore the armband for a period of at
least 3 consecutive days while in the medical oncology
unit of the hospital in Prato. Data were calculated for
72 hours consecutively (from midnight on day 0 to mid-
night on day 3), with the armband worn on the body ef-
fectively for 94% + 10% (range 68%-100%) of the
time. They spent 20 £ 11 hours (range 9-40) (that is
28% of the period) sleeping, while the remaining time
they lay in bed or underwent modest physical activity
(settled at 2.5 metabolic equivalents [METS] by de-
fault) which mainly consisted of walking in the ward,
0.28 £ 0.47 hours (range 0-2.59) (2%).

Analysis showed that patients had a TEE of 28 + 3
Kcal/kg per day (range 22-34). This value exceeded
by 21% the calorie consumption estimate provided by
the Harris-Benedict equation of a REE of 22 + 2
Kcal/kg per day (range 19-26).

DISCUSSION

Although these results have been achieved in a
small number of patients and require further confir-
mation in a larger series, we have to consider that
there is little information in the literature regarding
the TEE of cancer patients. To our knowledge only
Gibney et al (5) has measured TEE: in 8 free-living
patients with small cell lung cancer for 1 or 2 days,
and they reported a 6% elevation in basal energy ex-
penditure and a TEE/REE ratio of only 1.36. They
concluded that the energy requirements of these can-
cer patients were not increased, because their mild
basal hypermetabolism was overbalanced by de-
creased physical activity. Our findings of an energy
requirement of approximately 28 Kcal/kg per day are
in keeping with the recommendations of the recent lit-
erature for wasted cancer patients receiving home par-
enteral nutrition (6).

One should ask how accurate the estimate achieved
through the armband is, and several investigators are
actively working to validate the instrument. Quite re-
cently St-Onge et al (7) compared daily energy expen-
diture determined through an armband with that deter-
mined using the doubly labeled water method in free-
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living individuals and found a reasonable concordance,
with an underestimation of less than 5%. Such a small
discrepancy might be of concern in metabolic investi-
gations, but it is unlikely to be significant in the clinical
context. As a consequence, if these data are confirmed
in a larger series of patients, it will be possible to take a
more tailored approach to the nutritional support of
cancer patient.

Financial support: None
Conflict of interest: None declared

REFERENCES

1. Warnold I, Lundholm K, Schersten T. Energy balance
and body composition in cancer patients. Cancer Res
1978; 38: 1801-7.

2. Bozzetti F, Pagnoni AM, Del Vecchio M. Excessive
caloric expenditure as a cause of malnutrition in patients
with cancer. Surg Gynecol Obstet 1980; 150: 229-34.

3. Hyltander A, Drott C, Korner U, Sandstrom R, Lund-
holm K. Elevated energy expenditure in cancer pa-
tients with solid tumours. Eur J Cancer 1991; 27: 9-15.

4. Bosaeus I, Daneryd P, Lundholm K. Dietary intake, rest-
ing energy expenditure, weight loss and survival in can-
cer patients. J Nutr 2002; 132 (Suppl 11): S3465-6.

Address for correspondence:
Federico Bozzetti, MD
Department of Surgery
Misericordia e Dolce Hospital
Piazza dell’Ospedale, 5
59100 Prato, Italy

e-mail: dottfb@tin.it

5. Gibney E, Elia M, Jebbs SA, Murgatroyd P, Jennings G.
Total energy expenditure with small-cell lung cancer: re-
sults of a validated study using the bicarbonate-urea
method. Metabolism 1997; 46: 1412-7.

6. Bozzetti F. Cancer. In: Bozzetti F, Staun M, Van Gossum
A, eds. Home Parenteral Nutrition. Wallingford, UK:
CABI, 2006; 103-18.

7. St-Onge M, Mignault D, Allison DB, Rabasa-Lluoret R.
Evaluation of a portable device to measure daily energy
expenditure in free-living adults. Am J Clin Nutr 2007;
85:742-9.

Received: October 11,2007
Accepted: February 26, 2008

47




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


