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ARTICLE INFO SUMMARY
Article history: Background & aim: Failure to identify a patient's energy requirement has a variety of consequences both
Received 15 August 2023 physiological and economical. Previous studies have shown that predictive formulas, including the Harris

Accepted 8 December 2023 Benedict equation (HB), both over- and underestimates energy requirement in severely ill patients and

healthy younger adults, compared to the golden standard, indirect calorimetry (IC). The comparison
Keywords: between measured and estimated energy requirements in hospitalized patients in regular wards is
Indirect calorimetry underreported. The aim of this study was to assess the agreement between measured energy re-
Harris Benedict equation . . . . T s . . .
Malnutrition quirements and requirements estimated by HB in the individual hospitalized patients, and to investigate
Dietician whether those findings were associated with other specific patient characteristics.

Hospital Methods: IC (n = 86) was used to measure resting energy expenditure (REE) and bioimpedance analysis
(BIA) (n = 67) was used for body composition in patients admitted to Aalborg University Hospital.
Furthermore, height, weight, body mass index, calf circumference, while information regarding hospital
ward, vital values, dieticians estimated energy requirements and blood samples were collected in the
patients' electronic medical records. Bland-Altman plots, multiple linear regression analysis, and Chi?
tests were performed.

Results: On average a difference between IC compared with the HB (6.2%), dietitians' estimation (7.8%)
and BIA (4.50%) was observed (p < 0.05). Association between REE and skeletal muscle mass (SMM)
(R? = 0.58, f = 149.0 kJ), body fat mass (BFM) (R? = 0.51, B = 59.1 k]), and weight (R? = 0.62, § = 45.6 k])
were found (p < 0.05). A positive association between measured REE and HB were found in the following
variables (p < 0.05): CRP, age, surgical patients, and respiratory rate.

Conclusion: This study found a general underestimation of estimated energy expenditure compared to
measured REE. A positive correlation between measured REE and SMM, BRM and weight was found.
Lastly, the study found a greater association between CRP, age, surgical patients, and respiratory rate and
a general greater than +10% difference between measured and estimation of energy requirements.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).

1. Introduction malnutrition as “a state resulting from lack of intake or uptake of
nutrition that leads to altered body composition (decreased fat-free

Nutrition is vital for proper function of the human body. Euro- mass) and body cell mass leading to diminished physical and mental

pean Society for Clinical Nutrition and Metabolism (ESPEN) defines function and impaired clinical outcome from disease” [1]. Research
shows that up to 50% of hospitalized patients have variable degrees

* Corresponding author. . Centre for Nutrition and Intestinal Failure, Department of malnutrition [2] Early screening using the nutritional risk
of Gastroenterology, Aalborg University Hospital and Department of Clinical Med- screening 2002 (NRS-2002), score >3, and proper intervention has
icine, Aalborg University, Sdr. Skovvej 5, 1, DK-9000 Aalborg, Denmark shown to have a positive impact on the patients' clinical outcomes
studentsaudk (S5, Hellerup), nnah20@studentasudc (N Nohr), gwininooe 21 Quality of life [13], as well as provide large economic gains
) ’ [1,3—5]. Studies show increased expenses of up to 308.9% and a

student.aau.dk (G. Winther), sabina.mikkelsen@rn.dk (S. Mikkelsen), leageisler@ .
hotmail.com (L. Geisler), mette.holst@rn.dk (M. Holst). prolonged stay of 6.6 + 12.8 days due to malnutrition [4].
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Abbreviations

AF Activity factor

BF% Body fat percentage

BFM Body fat mass

BIA Bioelectrical impedance analysis
BMR Basal metabolic rate

BP Blood pressure

CV for VO, Coefficient of variation for inspired volume of O,

EE Energy expenditure

ESPEN European Society for Clinical Nutrition and
Metabolism

HB Harris Benedict equation

HR Heart rate

IC Indirect calorimetry
NRS-2002 Nutritional risk screening 2002
REE Resting Energy Expenditure
RR Respiratory rate

RQ Respiratory quotient

SD Standard deviation

SMM Skeletal muscle mass

TEE Total Energy Expenditure
V02 Oxygen consumption

VCO2 Carbon dioxide production
95% CI 95% Confidence interval

Metabolic rate in hospitalized patients is considerably higher
compared to healthy individuals as critical illness induces hyper-
metabolism and hypercatabolism [6]. Furthermore, catabolism may
increase the risk of mortality, rate of infections, multiple organ
failure, and other complications [7].

Total energy expenditure (TEE) is divided into resting energy
expenditure (REE) and activity-related energy expenditure. REE is
subdivided into diet induced thermogenesis and basal metabolic
rate (BMR) [8]. One study found that 26% of the total variance in
BMR between individuals could not be explained by difference in
age, sex or body composition [9]. Body composition may partly
explain the variation in REE seen in the non-hospitalized popula-
tion, as adipose tissue consumes 19 kj/kg/day during rest, whereas
skeletal muscles consume 55 kJ/kg/day [10]. Calf circumference has
shown correlation with appendicular skeletal muscle mass (SMM)
measured by DXA, which is known as the golden standard for
measuring body composition [11,12] thus calf circumference may
give an indication of the patient's nutritional status [12].

The Harris Benedict equation (HB) using weight, height, sex and
age to calculate BMR is commonly used in patients [13]. The
agreement between HB and IC has been explored, but often in
critically ill patients and not in the general hospitalized population
[14—18]. Previous studies have found predictive equations to
generally over- or underestimate REE [14,16—18]. While over-
estimation has for instance been found in stable polio survivors
[17], underestimation is often seen in patients with cancer [18].

Previous studies have found significant as well as indeterminate
association with EE in the critically ill [19]. ESPEN guidelines make
an estimate of appropriate nutrition, including daily calorie and
protein intake, which is further based on the patient's level of stress
metabolism, but recommend measurement in many cases [20].
Therefore, the aim of this study was to assess the agreement be-
tween measured and estimated energy requirements in hospital-
ized patients and to investigate whether those findings were
associated with specific patient characteristics including disease
activity and body composition.

2. Materials & methods
2.1. Study design and participants

The study design was a cross-sectional study as illustrated in
Fig. 1. This study included patients admitted to a wide range of
hospital wards at Aalborg University Hospital, Denmark. This in-
cludes pulmonology, gastroenterology, otorhinolaryngology, geri-
atrics, orthopedics, neurology, gynecology, infectiously,
endocrinology, hematology, urology and nephrology.
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2.1.1. Inclusion criteria

We included patients above 18 years of age, who had the ability
to understand the provided oral and written information, The
included patients had to comply with a list of set criteria in prep-
aration for the test. The compliance to these criteria was checked
the morning of the measurement and included no exercise <24 h
prior, a fasting period of >8 h, including oral, enteral and parenteral
feeding as well as fluids. Half a cup of water with medication was
allowed to not interfere with the patients' treatment [22,23].
Written informed consent was obtained prior to inclusion.

2.1.2. Exclusion criteria

Patients who were not able to understand and sign informed
consent were not included. Patients who did not comply with
fasting regimen were excluded prior to measurement.

2.2. Data collection

The measurement of each patient took place over two days. The
patient was included in the afternoon on day 0, where the patients
signed the statement of informed consent prior to inclusion in the
study. Thereafter, the patient's height, weight and calf circumfer-
ence were measured. The patient's height was measured while
standing with their feet together, heels touching the wall. Weight
was measured on the calibrated weighing scale, used in the wards
on an everyday basis. If a patient was unable to participate in these
measurements, the most recent recorded height and weight (no
later than three days old) were retrieved from their electronic
medical records. Calf circumference was measured three times at
the widest point of the calf. If there was a slight discrepancy be-
tween measurements, the mean value was used. On day 1 the
bioelectrical impedance analysis (BIA) and indirect calorimetry (IC)
were performed. For all measures the standard protocol used in the
Nutrition Laboratory at the hospital was used. This is in accordance
to the standard provided by InBody.

An activity factor (AF) was set for each of the patients, where 1.1
was given to a bedridden patient, 1.2 was given to a patient who
was able to mobilize to a chair, and 1.3 was given to the patients
able to walk around the ward, which are described in the guidelines
on Danish institutional diet by the Danish Health Authority [21].
These were chosen based on their medical record or our observa-
tions during the inclusion.

2.2.1. Data from electronic medical system

The following data were collected from the patient's electronic
medical record in “NordEP]”: Sex, age, diagnosis, hospital ward,
date of hospitalization, date of blood samples, energy requirement
estimated by the medical record system and/or energy requirement
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Day 1

Compliance check
and preparation of —>»
\ patient

Bioimpedance

|

BFM, BF%, SMM, ‘

—> Indirect Calorimetry

|

REE, RQ, VO2,

Height, Weight*

BMR, BMI VvCOz2, CV for VO2
& | Data entered into I =
? l REDCap I ¥
Blood test:
Latest nutritional Vital values: Hemoglobin, Albumin,
screening: HR, RR, BR, Creatinin, Carbamide,
NRS-score, ECN, EPN Temperature Leukocytes, CRP,

3

Data collected from

Potassium, Sodium

medical records

Fig. 1. The study design. NRS-score: Nutrition risk screening, ECN: Estimated caloric need, EPN: Estimated protein need, BFM: Body fat mass, BF%: Body fat percentage, SMM:
Skeletal muscle mass, BMR: Basal metabolic rate, BMI: Body mass index, HR: Heart rate, RR: Respiratory rate, BP: Blood pressure, REE: Resting energy expenditure, RQ: Respiratory
quotient, VO,: Volume of inspired oxygen, VCO,: Volume of expired carbon dioxide, CV for VO,: Coefficient of variation for VO,,. *if height and weight were not possible to measure.

estimated by the hospital associated dietitian and an assessment of
nutritional risk based on NRS-2002. Furthermore, the latest vital
values (heart rate (HR), temperature, respiratory rate (RR), and
blood pressure (BP), and whether the patient had undergone sur-
gery as well as the date of surgery were collected. The following
values from the blood sample closest to the time of the IC and BIA
measurements were collected from NordEP]; CRP, albumin, he-
moglobin, sodium, potassium, creatinine, and blood urea nitrogen.

2.2.2. Indirect calorimetry

IC is widely considered as the golden standard for measuring
REE [22]. In this study the Q-NRG+ ® from COSMED was used. The
measurement was performed by placing a canopy over the patient's
head, while they were lying down and sealing a plastic veil around
the canopy to prevent air from the outside environment from
interfering with the measurement. The canopy was connected to
the Q-NRG+ by a single-use anti-bacterial filter and a corrugated
tube. Prior to usage the apparatus was calibrated in accordance
with the COSMED guidelines.

For a precise measurement of energy expenditure, a series of
conditions must be met [22]. The measurements were conducted in
a quiet environment. Prior to the measurement the patient rested
for at least 10—15 min. The BIA was conducted in the meantime. The
IC measurement time was set at 15 min with the first 5 min dis-
carded. The best 5-min steady state interval was then recorded.
REE, oxygen consumption (VO;), carbon dioxide production (VCO3),
respiratory quotient (RQ), and Coefficient of variation for inspired
volume of O, (CV for VO,) were obtained.

2.2.3. Bioimpedance

Assessment of the patients' body composition was performed
using the InBody S10 (Inbody USA, Cerritos, CA) body water ana-
lyser. Weight, height age, sex and ethnicity were registered in the
InBody S10 before the analysis. The BIA was conducted by placing
two electrodes on each of the patient's hands and feet. The mea-
surement took approximately 2 min and during the analysis the
patient was positioned in a supine position, arms abducted at least
30°, and legs abducted at approximately 45°, not touching each
other. Based on the resistance measurements, an algorithm then
calculated body composition parameters such as BFM, body fat
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percentage (BF%), SMM, BMR, and BMI [24]. The individual patients
ethnicity setting was chosen for all measurements.

To ensure the most accurate result and to reduce patient harm,
several criteria were set: Firstly, no pacemaker-, dialysis-, or preg-
nant patients, and no patients with visible edema or ascites. Sec-
ondly, the patients must not exercise or drink alcohol for 8 h prior,
as well as no food, drinks, and IV-fluids, except necessary antibi-
otics, for 4 h prior. Lastly, bladder must be emptied no longer than
30 min before the test, and the patients had to lie still for at least
10 min before the test. Additional precautions in the interpretations
of the results must be taken if the patient has body implants or a
BMI <16/>34.

2.3. Statistics

Data were stored in REDCap (version 13.1.26) and STATA
(version 17.64). Descriptive statistics were described using n (%) for
frequencies and mean (+ standard deviation (SD)) for continuous
variables. Potential differences between measured and estimated
energy requirements were explored by Bland-Altman plots. The
normality of the differences in measurements was tested using the
Sharpiro-Wilk test. Paired t-tests were performed to check the
significance of the difference (o = 0.05) as well as the Wilcoxon
signed rank test.

Multiple linear regression analysis was used to examine the
relationships between measured energy requirements as the
dependent variable and influencing factors (SMM, BFM, weight, calf
circumference, patient temperature, CRP, albumin) as the inde-
pendent variables. Each of the variables were adjusted for sex and
age.

For comparing categorical variables in which the estimations
were grouped as accurate, under-, or overestimated (+10%) [25],
the Chi2-test was used. The level for statistical significance was set
to p < 0.05.

2.4. Ethical considerations

The study was approved by the North Jutland protection agency
(2022-154). The project is exempt from the ethical committees
(LBK no. 1083 of 15/09/2017) definition of a health science research
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project and must therefore not be approved by the committee, cf.
section 14, subsection of the committee act. 1, cf. § 2, nos. 1-3.

Participation was voluntary and the patients signed the state-
ment of informed consent and the study was compliant to the
Helsinki declaration and patients were informed that they could
withdraw from the study at any time, with no significance for their
ongoing or further treatment. All participants were assigned a
personal identification number to ensure that information could
not be traced to the individual.

3. Results

This study included 121 patients as presented in Fig. 2. After-
wards a selection (n = 35) of patients were excluded for various
reasons including not being able to complete the fast or not
wanting to continue their participation. Among the included pa-
tients, 86 patients had an IC measurement performed. Of these, all
86 patients had HB calculated, 67 patients had a BIA performed, and
47 patients had an estimation of energy requirement made by a
dietitian.

The mean age was 62.2 + 16.1 years, mean BMI was
245 + 6.1 kg/m?and 53.5% were female. The wards with most pa-
tients included were gastroenterology (43.0%), hematology (9.3%),
nephrology (8.1%) and otorhinolaryngology (8.1%). Only a small
percentage of patients had undergone surgery (9.3%). Among the
included patient, 53 were screened for nutritional risk with NRS-
2002 (63.1%), of which 36 patients (65.5%) had been classified as
being at nutritional risk. Alle participants were Caucasian. Table 1
summarizes patient baseline characteristics.

The variability of IC-measurements are presented in Table 2.

In this study the mean EE measured by REE x AF was
8391.8 + 1843.2 k] (1998.1 + 438.9 kcal), the mean EE calculated by
HB x AF was 7823.9 + 1727.1 k] (1862.8 + 411.2 kcal), the mean EE
estimated by BMR x AF was 79733 + 14913 K]
(1898.4 + 355.1 kcal), and the mean EE from the dietitian's esti-
mations was 7826.2 + 2000.1 k] (1863.4 + 476.2 kcal), which are
illustrated in Table 3.

Additionally, 10.5% of patients had energy requirements which
were overestimated by more than 10%, and 44.2% were under-
estimated by more than 10%, when comparing EE calculated by HB
to the EE measured from IC. When comparing EE estimated by the
dietitians to the EE measured from IC, 21.3% of patients were
overestimated by more than 10%, and 38.3% were underestimated
by more than 10%.

The Bland-Altman plots compared the measured REE by IC with
the EE estimations from the HB (n = 86), the dietitians (where IC

Patients included
n=121

[IC with AF measured]

I l

{ HB estimated ] [ BIA measured ] [ Dietitian estimated ]

v v v

n =86 n=67 n=47

Fig. 2. Flow chart of estimations and measurements performed on the study sample.
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Table 1
Descriptive statistics of patients with REE measured by indirect calorimetry.

Variable All patients, n = 86
Gender, n (%)

Female 46 (53.5)
Male 40 (46.5)
Age, years (mean =+ SD) 62.2 + 16.1

Age, n (%)
Adult: 19-44 14 (16.3)
Middle aged: 45-64 29 (33.7)
Aged: 65-79 31 (36.1)
Aged 80 and over: >80 2(14.0)
Hospital ward, n (%)
Geriatrics 4(4.7)
Endocrinology 6(7.0)
Gastroenterology 37 (43.0)
Hematology 8(9.3)
Physiatry 1(1.2)
Acute admission unit 2(2.3)
Nephrology 7 (8.1)
Pulmonology 5(5.8)
Gynecology 2(2.3)
Urology 4(4.7)
Otorhinolaryngology 7(8.1)
Neurology 3(3.5)
Surgical patients, n (%) 8(9.3)
*NRS-screened patients, n (%) 53(63.1)
**Patients in nutritional risk, n (%) 36 (65.5)
Activity factor, n (%)
1.1 2(2.3)
1.2 12 (14.0)
13 72 (83.7)
***Temperature, °C (mean + SD) 36.8 + 0.5
***Temperature, n (%)
Non-febrilia: <37°C 54 (72.0)
Sub-febrilia: 37—38°C 18 (24.0)
Febrilia: >38°C 3(4.0)
BMI, kg/m? (mean =+ SD) 25.0 + 6.1
BMI, n (%)
<18.5 kg/m? 10 (11.6)
18.5 < 25 kg/m? 39 (45.4)
>25 kg/m? 37 (43.0)
Height, cm (mean + SD) 170.8 £ 10.1
Weight, kg (mean + SD) 733 +20.5
*Admitted from, n (%)
Home 70 (83.3)
Residential home 1(1.2)
ICu 1(1.2)
Other hospital wards 12 (14.3)

*n = 84, **n = 55, ***n = 75.
Presented with mean + standard deviation or percentage.

was multiplied with AF) (n = 47), and the BIA (n = 67). The Bland-
Altmann plots showed an average difference of 452 kJ (107.6 kcal),
650 KkJ (154.8 kcal), and 437 kJ (104.1 kcal) respectively (See Figs. 3A,
B, and C). The mean IC measurements are 6554 k] (1560.5 kcal) and
8391 KkJ (1997.9 kcal) with AF, whereof the differences in energy
requirements are 6.2%, 7.8%, and 4.5% respectively. Of the mea-
surements 5.8%, 4.3%, and 6.0% fell outside the limits of agreement.

Furthermore, the differences between REE measured by IC and
the EE estimations from the HB, the dietitians (where IC was
multiplied with AF), and with BMR from the BIA were all statisti-
cally significantly different (p < 0.05).

Table 2
Statistics from the indirect calorimetry.

Variable IC, (mean + SD)
RQ n=2385 0.8 +0.1

CV for V02, % n=>57 4.5+ 2.7
Measurement time, min n=285 20.0 £ 6.3

RQ: Respiratory quotient, CV for VO,: Coefficient of variation for VO,. Presented
with mean + standard deviation.
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Table 3
The mean energy expenditure by four different methods.

Variable Energy expenditure,
kJ (mean + SD)

REE n =386 6553.8 + 1380.1

REE x AF n=_86 8391.8 + 1843.2

HB x AF n=86 78239 + 1727.1

BMR x AF n=67 7973.3 + 1491.3

Dietitian's evaluation n=47 7826.2 + 2000.1

REE x AF: The measured resting energy expenditure using IC multiplied with the
patient's AF. HB x AF: The calculated energy expenditure using the HB multiplied by
AF. BMR x AF: The basal metabolic rate calculated by the Inbody machine when
conducting the BIA multiplied by AF. Dietitian's evaluation is an estimation by the
hospital associated dietitians. Presented with mean =+ standard deviation.
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Comparison between REE measured with IC BMR measured with BIA.

316

Clinical Nutrition ESPEN 59 (2024) 312—319

The regression analyses showed a positive association between
REE and FFM with a coefficient of 92.7 (R* = 0.63), SMM with a
coefficient of 149.0 (R*> = 0.58), BFM with a coefficient of 59.1
(R? = 0.51), and weight with a coefficient of 45.6 (R*> = 0.62). No
significant associations were found between REE and the patient's
temperature with a coefficient of 376.2 (R?> = 0.25), calf circum-
ference with a coefficient of 8.9 (R? = 0.11), CRP with a coefficient of
4.2 (R? = 0.22) and albumin with a coefficient of —14.4 (R = 0.26).
These data are illustrated in Table 4.

Based on the analysis, significant associations were found be-
tween overestimation (+10%), and underestimation (—10%) of en-
ergy requirement when comparing measured REE and calculated
EE by the HB and the variables CRP (p = 0.040), hospital ward
(p = 0.064), sex (p 0.413), temperature (p 0.207), age
(p = 0.017), surgical patients (p = 0.030), HR (p = 0.117), RR
(p = 0.004), calf circumference (p = 0.121), height (p = 0.549), and
albumin (p = 0.687). The results are illustrated in Table 5.

4. Discussion

This study investigated REE in hospitalized patients and the
proportion of patients with estimated energy requirements devi-
ating more than +10% from measured energy requirements. A
significant difference was found towards both the HB and the di-
etitians' estimations. The Bland-Altman plots showed an average
underestimation equal to 6.9%, 7.8%, and 6.7% for IC compared with
HB, dietitian's estimation, and BIA respectively. From these results
there is a clear tendency that predictive equations and estimations
underestimate the energy requirement of hospitalized patients.
Furthermore, it was found that 44.2% of the patients were under-
estimated by more than 10% using HB and for the dietitian's this
underestimation was seen in 38.3%.

4.1. Deviance in estimation of energy requirement

Studies comparing the HB estimated REE to the IC measured REE
in various clinical settings have found a mean underestimation of
33.0% [18], an underestimation of more than 10% in 51% of patients
[25], and an underestimation by 139 kcal (584 kJ) on average [27].
In addition to this present study, these studies show a clear ten-
dency for HB to underestimate REE [18,26,27]. However, in the
Bland-Altman plot overestimations are observed as well.

We found a limit of agreement for IC and HB estimated
between —1336 k] (—318 kcal) and 2240 k] (533 kcal) meaning that
in 95% of measurements the HB-estimate would differ from IC in
this interval, but also that 5% would be more extreme deviations.
Considering the average REE of 6554 k] (1560 kcal) as presented in
Table 3 and accepting this as the average REE of a hospitalized
patient, it would indicate that the HB estimations would fall
between —34.2% and 20.4% of the measured IC value in 95% of cases
and therefore the range of estimations far exceeds the limits of
+10%. Furthermore, the most extreme cases in our study found an
overestimation of 40% and an underestimation of 29%. These results
highlight the potential risks of relying excessively on a formula to
estimate REE. However even when including individual assess-
ments by a dietitian, the results are similar with a limit of
agreement —2507 kJ (—597 kcal) and 3808 k] (907 kcal). Boulleta
et al. set the clinical unacceptable boundary at a wrongful estima-
tion of 250 kcal/day [27]. We observed 23 (26.7%) patients to be
underestimated by more than this amount using the HB and 17
(36.2%) patients using dietitians estimations compared to
measured IC.

Due to the general tendency to underestimate requirements,
patient care and clinical outcome may benefit from more accurate
estimation methods or widespread use of IC. At the very least, these
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Table 4
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The correlation between measured resting energy expenditure and skeletal muscle mass (SMM), body fat mass (BFM), calf circumference, weight, temperature, CRP, and

albumin.

Variable

Unadjusted model

Adjusted model

Coefficient (B) p-value 95% CI Coefficient (B) p-value 95% CI
Resting energy expenditure, k]
FFM, kg 91.5 <0.001* 75.2;107.9 92.7 <0.001° 71.4; 1140
SMM, kg 149.0 <0.001* 120.5; 1774 149.0 <0.0001° 112.1; 185.9
BFM, kg 55.0 <0.001* 33.9; 76.2 59.1 <0.0001° 41.2;77.0
bCalf circumference, cm -5.1 0.929 —119.0; 108.8 8.9 0.879 -107.6; 1253
CRP, mg/L 6.1 0.069 -0.5; 12.6 4.2 0.164 -1.8; 10.3
Albumin, g/L 0.7 0.976 —46.8; 48.3 —144 0.504 —57.1; 28.3
Weight, kg 51.0 <0.001* 41.4; 60.5 45.6 <0.0001° 36.0; 55.2
Temperature, °C 436.8 0.149 —159.8; 1033.4 376.2 0.156 —146.8; 899.1

95% Confidence interval.
Multiple linear regression with adjusted variables: sex and age.
2 p<0.05.
b The calf circumference is adjusted for BMI as defined by Gonzalez et al. [9].

results suggest motivation for further exploration of this issue,
since we find the limit of agreement too wide for a sufficient clinical
practice.

4.2. Factors associated with energy requirement

Strong correlations were found for weight, SMM, and BFM with
R2-values of respectively 0.62, 0.58, and 0.51. This indicates that
these variables explain at least >51% of the variance in the
measured REE. Regarding muscle and fat, SMM increased REE the
most, with a coefficient of 149.0 kJ (35.5 kcal) compared to the
59.1 kJ (14.1 kcal) of BFM, thereby specifying larger energy re-
quirements for SMM per kg juxtaposed with BFM per kg. Of the
variables, weight had the largest correlation. Weight could explain
62% of the variance in the measured REE and increasing body
weight by 1 kg would increase the REE with 45.6 k] (10.9 kcal). This
is in line with a study, that show a 1 kg change in weight would
increase the daily EE by 44.5 k] (10.6 kcal) [28]. As weight may
explain up to 62% of the variance, this leaves almost 40% unex-
plained. It is unlikely to be FFM, SMM or BFM since these are not
truly independent of weight. The magnitude of this unexplained
variation is likely to be the major basis for prediction error and
hence potential clinical consequences. This must be further inves-
tigated. On the other hand, no significant correlation between REE,
measured by IC, and calf circumference, temperature, CRP and al-
bumin were found.

A systematic review found a moderately correlation between
daily EE and temperature in critically ill patients (R = 0.46 trans-
lating to RZ = 0.21) [19], where we found R? = 0.25. This suggests
that it could be beneficial to not only use age, height and weight as
in HB but also consider the patient's body composition and
temperature.

4.3. Factors associated with inaccurate energy estimation

In the present study, we found a significant association between
CRP, age, surgical patients, and RR and a greater than +10% differ-
ence in estimation of energy requirement. In addition, we found no
association between hospital ward, sex, temperature, HR, calf
circumference, height, and albumin and a greater than +10% dif-
ference in estimation of energy requirement. Age evidently in-
fluences the estimation of energy expenditure [28], as it is
considered when estimating EE with HB [29], but interestingly we
found that age was associated with inaccurate estimations.
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4.4. Strengths and limitations

A limitation of BIA is that it relies on predictive algorithms and
assumptions based on population means, which might not apply to
all patients [30,31]. Even though BIA is not a golden standard for
estimating body composition, it is a less invasive method and can
be used in less mobile patients compared to using the golden
standard DXA-scan [32].

The quality and accuracy of the IC measurements relied on the
criteria; however, these were challenging to maintain. Noise and
disturbances during measurements were difficult to eradicate.
Furthermore, verifying the compliance of the fasting relied on the
patients' account. As presented in Table 2 the mean CV for VO, was
4.5 + 2.7% and the range of the measurements was 1%—12%. The
standard protocol for IC made by the Academy of Nutrition and
Dietetics recommends that the CV for VO, should be < 10% to
ensure the quality of the measurement [33,34]. Two (3.6%) of the
registered measurements were above this threshold.

Since the body weight of the patients were not measured in a
fasting state, but rather on the day of inclusion, this might have
led to the registered body weight being higher than during the IC
and BIA. Since IC does not need weight and height for measuring
REE, and HB does, this might explain some of the inaccuracies
presented in the estimations by HB, BIA, and dietitians. When
measuring height, some patients were unable to stand up
straight, which might therefore have led to inaccurate
estimations.

The RQ when metabolizing only carbohydrates is 1, whereas it
will be 0.70 when metabolizing only fat [35]. Fatty acids are typi-
cally mobilized after 12 h of fasting [36], where the fasting for our
measurement was set at >8 h. Since the mean RQ was 0.76 + 0.06
the average patient may burn fat to a higher degree than carbo-
hydrates, indicating compliance with the fasting criteria.

4.5. Discussion of methods used

As 43% of the study sample were found at the gastroenterology
ward the hospital representativeness can be discussed. The sickest
patients might lack the energy to participate, and those dependent
on oxygen supply were not included. Our findings might therefore
only apply on the most well proportion of the hospitalized
population.

In an attempt to minimize interpretation bias, the best 5 min
interval of the IC measurement was chosen by the Q-
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Table 5
The association between the accuracy of estimation of energy requirement using Harris Benedict equation (HB) compared to Indirect calorimetry (IC) and a selection of
variables.

Variable IC vs HB p-value
Underestimated (—10%) Overestimated (+10%)
n (%) n (%)
Age, years 0.017°
18—44 3 (3.5%) 5 (5.8%)
45—-64 11 (12.8%) 2 (2.3%)
65—79 12 (20.9%) 1(1.2%)
>80 7 (8.1%) 1(1.2%)
CRP, mg/L 0.040°
<10 12 (16.4%) 0 (0.0%)
>10 21 (28.8%) 6 (8.2%)
Sex 0413
Female 21 (24.4%) 3(3.5%)
Male 18 (20.9%) 6 (7.0%)
Hospital ward 0.064
Pulmonology 2 (2.3%) 1(1.2%)
Gastroenterology 14 (16.3%) 3(3.5%)
Otorhinolaryngology 1(1.2%) 3(3.5%)
Geriatrics 4 (4.7%) 0 (0.0%)
Neurology 3(3.5%) 0 (0.0%)
Gynecology 1(1.2%) 0 (0.0%)
Endocrinology 2 (2.3%) 0 (0.0%)
Hematology 5(5.8%) 0 (0.0%)
Physiatry 0 (0.0%) 0 (0.0%)
Urology 4(4.7%) 0 (0.0%)
Nephrology 2 (2.3%) 1(1.2%)
Acute admission unit 1(1.2%) 1(1.2%)
Albumin 0.687
Below normal 17 (27.4%) 5(8.1%)
Normal 9(14.5) 1(1.6%)
Above normal 0 (0.0%) 0 (0.0%)
Temperature, °C 0.207
<37 24 (27.9%) 4 (4.7%)
>37 11 (12.8%) 3(3.5%)
>38 4 (4.7%) 2 (2.3%)
Surgical patient 0.030°
No 36 (41.9%) 6 (7.0%)
Yes 3(3.5%) 3(3.5%)
Heart rate, beats per minute 0.117
<60 2 (2.7%) 2 (2.7%)
>60 34 (46.6%) 5(6.8%)
>100 1(1.4%) 0 (0.0%)
Respiratory Rate, breaths/min 0.004°
<12 0 (0.0%) 1(1.4%)
>12 26 (35.1%) 6 (8.1%)
>18 11 (14.9%) 0 (0.0%)
“Calf circumference, cm 0.121
Below normal 20 (40.8%) 2 (4.1%)
Normal (females >33 and males >34) 7 (14.3%) 2 (4.1%)
Height 0.549
Below mean (—3%) 20 (23.3%) 3(3.5%)
Mean (+3%) 15 (17.4%) 4 (4.7%)
Above mean (3%) 4 (4.7%) 2(2.3%)
BMI 0.211
<185 3 (3.5%) 1(1.2%)
18.5-24.9 17 (19.8%) 2 (2.3%)
25-29.9 10 (11.6%) 3(3.5%)
>30 9 (10.5%) 3 (3.5%)

a
p<0.05.
b The grouping of the variable was inspired from the following sources [26].
¢ The calf circumference adjusted for BMI as defined by Gonzalez et al. as well as the grouping of the variable [9].

NRG+ machine itself. The metabolic monitor used has a stated 5. Conclusion
accuracy of +£3% or 36 kcal (151 kJ) [37], which may explain some of

the differences between the IC and estimations. In a general sample of hospitalized patients, this study found an

As a Chi? test is produced on categorical values, the observations underestimation of 6.2% (n = 86), 7.8% (n = 47), and 4.5% (n = 67)
had to be placed in groups, which may have influenced the results, when comparing estimated EE by HB, dietitians, and BIA respec-
as an association or lack thereof may have been found if the groups tively, to measured REE by IC. Correlation between measured REE
were defined differently. by IC and weight, FFM, SMM, and BFM was found. However,
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variables such as CRP, albumin, patient temperature, and calf
circumference were found to be non-correlated to REE. The study
found a significant association between CRP, age, surgical patients,
and RR and a greater than +10% difference in estimation between IC
and HB. Lastly, the study found no association between hospital
ward, sex, temperature, HR, calf circumference, height, and albu-
min, and a greater than +10% difference in estimation. The wide
limit of agreement between individuals has potential clinical
implications.
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