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Abstract  

Purpose: Energy requirements for patients with cancer are often estimated using predictive equations that do not typically 

account for differences in body composition, compared with measured energy requirements by indirect calorimetry (IC). 

The aim was to assess agreement between measured and estimated energy requirements in patients undergoing cancer 

treatment and whether specific patient characteristics were associated with resting energy expenditure. 

Methods: In this prospective observational cohort study, patients referred to a clinical dietitian from an oncology outpa-

tient clinic underwent an extended nutritional assessment including IC, bioelectrical impedance analysis, hand grip 

strength, and 30-second chair-stand test. Estimated energy requirements were assessed by clinical dietitians and retro-

spectively using the Harris-Benedict equation, with agreement assessed using Bland-Altman plots, and multiple linear 

regression analyses. 

Results: In total 67 patients (27% women) were assessed, diagnosed with head and neck cancer (n=46), pancreatic cancer 

(n=13), and other cancers (n=8). Agreement between IC and estimated energy requirements by clinical dietitians was 

found for 58% of patients (24% were underestimated, 18% were overestimated). With the Harris-Benedict equation agree-

ment was found for 52% of patients (46% were underestimated, 1.5% were overestimated). Higher muscle mass percent-

age (p=0.001), comorbidities (p=0.039), cancer stage (p=0.003), lower body fat percentage (p<0.001), and lower whole-

body phase angle (p=0.003) were associated with higher resting energy expenditure. 

Conclusion: A sizeable proportion of patients had incorrectly estimated energy requirements, with both methods tending 

to underestimate. Body composition, comorbidities, and cancer stage were associated with affected resting energy ex-

penditure, indicating patient groups who could benefit from IC measurement. 
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Introduction 

Patients undergoing cancer treatment are at increased risk of unintended weight loss and loss of muscle mass, ultimately 

leading to malnutrition and cachexia [1, 2]. These conditions are well-established contributors to low treatment tolerance 

and adverse outcomes in patients with cancer [3]. Cancer cachexia is a multifactorial syndrome characterized by loss of 

skeletal muscle mass, often accompanied by loss of adipose tissue and systemic inflammation and may be difficult to 

reverse by conventional nutritional support [4]. Estimated prevalences across cancer types ranges from 25% to 70% with 

pancreatic and head and neck cancers demonstrating high burden of malnutrition and cachexia [5, 6]. 

Nutritional screening and guidance are recommended to counteract weight loss, loss of muscle mass and malnutrition 

for patients with cancer at nutritional risk [7]. Although nutritional guidance has been associated with improved dietary 

intake and physical function, weight loss can persist despite nutritional intervention [8, 9], highlighting the need for sys-

tematic screening and accurate assessment of energy requirements [2].  

Clinical dietitians rely on various equations to estimate energy requirements. One approach is the use of weight-based 

equations with predetermined kilocalories per kilogram, as recommended by the European Society for Clinical Nutrition 

and Metabolism (ESPEN) [10]. Another commonly used method is the Harris-Benedict predictive equation (H-B) which 

estimates energy requirements from height, weight, age and sex [11]. However, neither accounts for the changes in the 

metabolic state associated with cancer, including systemic inflammation, treatment related physiological stress, or varia-

tions in body composition [12]. Indirect calorimetry (IC), the gold standard for measuring energy requirements in clinical 

settings, uses oxygen consumption and carbon dioxide production to measure resting energy expenditure (REE) with 

precision [13]. However, IC is not routinely implemented in clinical practice due to limited time- and economical re-

sources [14]. 

Body composition, particularly muscle mass, is a key determinant of energy requirements [14], as muscle mass is 

more metabolically active than fat mass (14.5 kcal/kg/day versus 4.5 kcal/kg/day) [12, 15]. Body composition is, however, 

rarely assessed in clinical practice. Bioelectrical impedance analysis (BIA) is a validated, accessible, and non-invasive 

method for assessing body composition, that can supplement nutritional guidance [16]. 

To optimize nutritional therapy in patients with cancer, a more precise approach to assess energy requirements might 

be relevant. Therefore, this study aimed to assess the agreement between measured and estimated energy requirements in 

patients undergoing cancer treatment and to investigate if specific patient characteristics are associated with resting energy 

expenditure. 

 

Methods 

Study design  

The design was a prospective observational cohort study using data from a baseline measurement and follow-up assess-

ment approximately four weeks after baseline. Follow-up data were analyzed as exploratory. This study was reported in 

accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for 

cohort studies [17]. 

 

Study settings 

Data were collected consecutively from November 2025 to May 2026 from the oncology outpatient clinic at Copenhagen 

University Hospital - Herlev and Gentofte, Denmark.  
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Patients 

Patients (≥18 years) undergoing cancer treatment and referred to a clinical dietitian by the Department of Oncology were 

offered an extended nutritional assessment. Exclusion criteria from the extended nutritional assessment included patients 

receiving dialysis or patients unable to comply with procedures, including fasting requirements or severe claustrophobia. 

Patients with a pacemaker were not excluded but could not undergo BIA measurement due to potential interference with 

the pacemaker. Only patients with a valid IC measurement at baseline were included in the data analyses. 

 

The extended nutritional assessment 

All eligible patients were offered a baseline extended nutritional assessment prior to their appointment with the clinical 

dietitian. The assessment included measured energy requirements by IC, body composition measurements by BIA and 

physical function evaluated with hand grip strength test (HGS-test) and 30-second chair-stand test (30s-CST). The clinical 

dietitian subsequently assessed estimated energy requirements, usually using weight-based predictive equations. After 

primary estimation, IC measurements were presented for the clinical dietitian and used in the nutritional guidance of 

patients.  

 

Measured energy requirements with IC 

Measured REE was obtained using the Q-NRG+ (COSMED, Rome, Italy) indirect calorimeter with canopy, according to 

the COSMED guidelines[18]. Measurements were conducted in the morning to ensure a minimum six-hour fast from 

food, caloric or caffeinated beverages. Water and regular medication were permitted. Patients were instructed to abstain 

from all nicotine products and strenuous exercise for four hours and rested at least 15 minutes before measurements. 

Measurements were performed in a supine position, with the canopy over the head and a plastic veil around the patient, 

to prevent outside air from disturbing measurements. The room temperature was kept between 21-22 ℃. Measurements 

had an average duration of 15 minutes, with the first five minutes discarded, to obtain steady state. The optimal five-

minute interval was selected by the device from the remaining ten minutes. A respiratory quotient between 0.67 – 1 and 

coefficient of variation of oxygen consumption (CV VO2) and carbon dioxide production (CV VCO2) were accepted at 

≤10% [13], [19]. A variation of ±10% relative to estimated energy expenditure was regarded clinically acceptable [14]. 

Measurements of REE, respiratory quotient, CV VO2, and CV CO2 were collected. Total energy expenditure (TEE) was 

calculated by multiplying REE with an individual activity factor (AF), assessed by the clinical dietitian. 

 

Estimated energy requirements by clinical dietitian 

Clinical dietitians estimated energy requirements using a weight-based formula (27, 30, or 35 kcal/kg/day) or, in rare 

occasions, the H-B equation. The choice of equations was at the clinical dietitian’s discretion. In patients with a Body 

Mass Index (BMI) > 30, an adjusted body weight was applied, calculated by the following equation:  

(height in cm - 100) + (actual weight - (height in cm - 100))/ 3 [20]  
 

Comparison by the Harris-Benedict equation 

To allow comparison across all patients, energy requirements were retrospectively calculated using the H-B equation: 

For men: 
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66.5 + (13.752 × weight in kg) + (5.003 × height in cm) - (6.755 × age) 

For women: 

655.1 + (9.563 × weight in kg) + (1.850 × height in cm) - (4.676 × age)[11] 

To estimate TEE using H-B, the individual AF assessed by the clinical dietitian was multiplied. When considered appro-

priate by the clinical dietitian, a stress factor was applied [14] [21]. A stress factor was not applied when using weight-

based formula, for these outpatients with no suspected fever [21]. The different methods of assessing energy requirements 

are illustrated in Figure 1. 

 

 

Fig. 1 Different methods used to assess energy requirements. Illustration of three different methods used to assess pa-

tients’ energy requirements: measured indirect calorimetry (IC), weight-based estimation primarily used by the clinical 

dietitians, and the Harris-Benedict equation. Abbreviations: Adj. BW (Adjusted body weight), BMR (Basal metabolic 

rate), TEE (Total Energy Expenditure) 

 

 

Body composition  

Body composition was measured using BIA with the Inbody S10 (InBody, Seoul, South Korea) body water and compo-

sition analyzer. The analysis was performed after 15 minutes of rest, with patients instructed to empty their bladder be-
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forehand and electrodes placed according to manufacturer’s guidelines, in a supine position with arms and legs not touch-

ing the body [22]. The following variables were collected: skeletal muscle mass (SMM), percentage body fat, and whole-

body phase angle (PhA). Percentage muscle mass was obtained by dividing SMM by body weight in kilograms. PhA was 

collected as a variable because it reflects cellular integrity (muscle quality) and has previously been associated with clin-

ical outcomes in patients with cancer [23]. A low PhA was defined as a value below a 5th percentile of the age- and sex-

stratified reference population [24]. 

 

Physical strength and function 

HGS-test was assessed using a Jamar Smart Digital Hand Dynamometer® (Jamar Technology Inc., USA) [25] on the 

patient’s self-reported strongest hand, seated with the forearm resting on the armrest of the chair with the elbow in a 90° 

angle. The maximum value of three attempts was recorded [26]. The 30s-CST test was performed using a chair with 

armrests and seat height at 45 centimeters, following established guidelines [27]. HGS-test-score and 30s-CST-score were 

categorized as normal or reduced using age- and sex-specific Danish reference values [28], with normal defined as ±1 

standard deviation of the population means and reduced as below 1 standard deviation. Body weight was obtained using 

a calibrated weight scale.  

 

Baseline characteristics 

Baseline characteristics included sex, age, height, BMI classified by World Health Organization (WHO) [29], cancer 

diagnosis, cancer stage, oncological treatment, performance status by the Eastern Cooperative Oncology Group (ECOG) 

scale assessed by the referring oncologist [30], plasma C-reactive protein (CRP), number of medications per day, smok-

ing, and alcohol use were collected from the medical chart review. Charlson Comorbidity Index [31] was calculated from 

medical chart review. Plasma CRP was accepted if measured ± 1 month from baseline measurements. Alcohol use was 

categorized per Danish Health Authority recommended limits as ≤10 units/week. Frailty was assessed using the Geriatric 

8 screening tool (score of ≤14 indicating frailty) [32]. 

 

Follow-up assessment 

A follow-up assessment was conducted approximately 4 weeks after baseline and included IC, BIA, HGS-test, 30s-CST, 

and weight measurements. 

 

Statistical methods 

Descriptive statistics were used to characterize the study population, with categorical variables presented as n (%) and 

continuous variables presented as medians and interquartile range. Normality was assessed by the Shapiro-Wilk test and 

visual assessment using histograms and QQ-plots. Agreement between estimated and measured energy requirements was 

defined as a variation of ±10%, with values outside this range classified as overestimation or underestimation and visual-

ized using Bland-Altman plots. Continuous variables were compared among the three groups using the Kruskal-Wallis 

test. Univariable and multivariable linear regression analyses were performed to examine associations between IC-meas-

ured REE (kcal/kg/day) and selected variables, with multivariable models adjusted for sex and age. Analyses were per-

formed on complete cases only. Statistical significance was set at p <0.05. Analyses were performed using R (version 

4.5.2) and Microsoft Excel (version 2502). All data were managed using REDCap [33]. 
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Results 

Of 122 patients screened, 79 patients met the eligibility criteria and accepted participation. A total of 12 were later ex-

cluded as illustrated in a flowchart in Figure 2. The study included 67 patients, 27% were female, and the median age 

was 71 years [interquartile range (IQR) 62,76]. The majority had head and neck cancer (69%), followed by pancreatic 

cancer (19%). Based on BMI, 1 patient was underweight (1.5%), 34 were normal weight (51%), 21 were overweight 

(31%), and 11 were obese (16%). Baseline characteristics are presented in Table 1. 
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Fig. 2 Patient recruitment 

 

Energy requirements and body composition 

Median TEE measured by IC was 2240 kcal/day [IQR 1970, 2430], compared with 2140 kcal/day [IQR 1970, 2460] 

estimated by clinical dietitians and 2010 kcal/day [IQR 1810, 2300] calculated by the H-B equation. Only the H-B method 

exceeded mean difference of ±10% compared with IC (4.5% for clinical dietitian and 10% for H-B equation). Body 
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composition was assessed in 64 patients, with a median muscle mass percentage of 40% [IQR 34, 43] and a body fat 

percentage of 26% [IQR 22, 36]. A PhA below the reference value was observed in 72% of women and 52% of men. The 

results are presented in Online Resource Table S1. Between baseline and follow-up, TEE calculated by the H-B equation 

decreased significantly (p=0.004), whereas TEE measured by IC and the patients’ body composition did not change sig-

nificantly. The results are presented in Online Resource Table S2. 

 

Agreement between measurements and estimates 

Agreement was found in 58% of patients for clinical dietitian estimates compared with 52% for H-B equation. Notably, 

H-B equation underestimated TEE in 46% of patients compared with IC, versus 24% for clinical dietitians. The H-B 

equation overestimated one patient, whereas the estimates from the clinical dietitians overestimated 18% of patients com-

pared with IC measurements. Bland-Altman analysis revealed a mean difference of -68 kcal (±252) with 95% limits of 

agreement of -562 to 427 kcal for clinical dietitian estimates compared with IC. For H-B compared with IC, the mean 

difference was -183 kcal (±212) with limits of agreement of -597 to 232 kcal. The regression line showed a negative slope 

in both Bland-Altman plots, with a steeper slope for clinical dietitians estimates compared with H-B (R2=0.14 for clinical 

dietitian and R2=0.005 for H-B). Results are presented in Figure 3. 
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Fig. 3 Bland-Altman Plots showing agreement between measured energy requirements by IC and estimated energy re-

quirements by a) Clinical dietitians and b) the Harris-Benedict equation. The blue line represents zero-bias. The solid lilac 

line represents the mean bias. The green dashed lines describe the Limits of Agreement. The light blue regression line 

indicates proportional bias.  

 

Relations between measurements and patient characteristics 

No significant associations were found between baseline characteristics and agreement, underestimation or overestima-

tion for either method (Table 2). However, patients underestimated by clinical dietitians had a median muscle mass of 

41%, a median of 25% body fat, and a median BMI of 22.3 kg/m2 and overestimated patients had a median muscle mass 

of 36%, a median of 32% body fat, and a median BMI of 24.5 kg/m2. Univariable linear regression analyses identified 

significant association between measured energy expenditure and body composition, PhA, hand grip strength, and cancer 

stage (Table 3). When adjusted for sex and age, these associations remained significant except for hand grip strength 

(p=0.053). Further Charlson Comorbidity Index additionally reached statistical significance (muscle mass: R2=0.168, 



 Page 11 
 

p=0.001; body fat: R2=0.250, p<0.001; PhA: R2=0.142, p=0.003; Charlson Comorbidity Index: R2=0.073, p=0.039; can-

cer stage: R2=0.141, p=0.003). A trend toward association was observed for frailty (Geriatric-8 score: p=0.051). No sig-

nificant associations were found between plasma CRP and 30s-CST and REE.  

 

Discussion  

In this cohort study of patients undergoing treatment for cancer, substantial discrepancies were observed between energy 

requirements estimated by clinical dietitians and those measured with IC. The H-B equation performed even less accu-

rately, with nearly half of all patients underestimated. Bland-Altman analyses confirmed a small mean underestimation 

for both estimation methods but with wide limits of agreement, indicating considerable individual variation. Body com-

position, including higher muscle mass, lower body fat percentage and low PhA, alongside comorbidities, and cancer 

stage IV, were all significantly associated with higher REE. 

 

Agreement between measured and estimated energy requirements 

Previous studies have compared measured energy requirements with predictive equations in different patient groups. In a 

cohort study of acutely admitted older medical patients [34], approximately half of patients were overestimated by weight-

based formulas and 17% underestimated. A slightly better agreement was found in our study population. However, this 

difference should be interpreted considering important methodological and population differences. In the previous study, 

the same weight-based formulas were applied systematically across all patients, whereas clinical dietitians in the present 

study individualized estimates according to patient characteristics. In addition, the previous study included substantially 

older hospitalized patients, in whom age-related changes in body composition and metabolism generally lower energy 

requirements. Both studies consistently found underestimation using the H-B equation and another cross-sectional study 

comparing H-B with IC in patients with cancer [35] reported underestimation in 75% of their cohort. This is further 

supported by previous studies suggesting that patients with cancer have elevated energy requirements and are particularly 

vulnerable to inaccurate estimation using predictive equations [36, 37]. 

Both Bland-Altman plots in the current study demonstrated wide limits of agreement and a negative regression slope, 

indicating a tendency to underestimate patients with higher energy requirements. This tendency was more pronounced 

for clinical dietitian estimates than for the H-B equation, suggesting underestimation became more pronounced with 

higher energy requirements. One possible contributing factor is the use of adjusted body weight for patients with BMI > 

30 in the clinical dietitians’ estimates as opposed to the use of actual weight in the H-B equation. However, this interpre-

tation should be regarded as exploratory, given the relatively low R2-values of the regression lines.  

 

Patient characteristics and increased energy requirements 

In the adjusted linear regression model, higher muscle mass percentage was associated with increased REE, while a higher 

body fat percentage was associated with decreased REE. This is consistent with the well-established understanding of 

increased metabolic activity of skeletal muscle mass relative to adipose tissue. The findings are also supported by a cohort 

study similarly reporting higher energy requirements in patients with greater muscle mass [38]. Patients underestimated 

by clinical dietitians tended to have higher muscle mass, lower body fat, and lower BMI than those overestimated. Alt-

hough these differences did not reach statistical significance, they suggest that reliance on weight-based formulas without 
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consideration of body composition may contribute to underestimation in patients with relatively high muscle mass and 

low BMI.  

An association between increased REE (kcal/kg/day) and low PhA was also identified. PhA reflects cellular integrity 

and has been linked to malnutrition, low muscle mass, and poor survival in patients with cancer [23, 39]. To our 

knowledge, few studies have investigated the association between REE and PhA, but one study [39] found that low PhA 

was associated with lower energy requirements, contrary to the findings of the current study. This contradiction may be 

explained primarily by REE being expressed in kcal/day in the older malnourished cohort rather than kcal/kg/day as in 

the current study. As patients with low PhA in the referred to study [39] also had low BMI, their findings may reflect 

differences in body weight adjustment and population rather than a true contradiction. Further studies are needed to de-

termine whether PhA is a reliable marker of increased energy requirements in patients with cancer. Higher Charlson 

Comorbidity Index and stage IV cancer were also associated with increased energy requirements. A study in older patients 

[40] found a significant association between higher number of chronic diseases and increased energy requirements, while 

a study in patients with colorectal cancer [41] found that stage IV cancer was associated with increased energy require-

ments over time. To our knowledge, the association between comorbidity and energy requirements has not been examined 

in patients with cancer, and further studies are needed to explore this in these patients. 

 

Discrepancies between estimated and measured energy requirements 

Discrepancies between measured and estimated energy requirements likely reflect the combined influence of multiple 

factors. In the adjusted linear regressions model, body fat percentage explained the largest proportion of the variation in 

REE, followed by muscle mass percentage, PhA, advanced cancer stage, and comorbidity. Notably, even the strongest 

individual predictor explained only 25% of the variation of increase in REE, suggesting energy requirements in patients 

with cancer are not driven by a single factor but represent a complex interplay of factors. The remaining unexplained 

variation could indicate additional factors, not captured in this study, which may contribute to energy requirements. Fur-

ther studies could consider additional variables to further clarify the determinants of energy requirements in this patient 

population. 

The AF applied to REE to estimate TEE represents an additional source of variability. In the current study, this factor 

was determined by clinical dietitians based on subjective patient-reported physical activity, which may introduce inaccu-

racies in both estimated and measured TEE [42]. The H-B equation underestimated energy requirements in nearly half of 

the patients in the current study. Notably, the H-B equation was originally derived to estimate basal metabolic rate rather 

than REE, and some literature suggests that REE exceeds basal metabolic rate by approximately 10% [43]. However, this 

interpretation is not universally accepted, as other literature argues that H-B equation was developed under conditions 

resembling REE more than basal metabolic rate [44].  

 

Strength and limitations 

This study has several strengths. Measurements were conducted by the same two investigators throughout the study pe-

riod, ensuring methodological consistency, and patient compliance was supported by scheduling assessment on existing 

hospital visit days and reminding patients beforehand. IC, which is the clinical gold standard for measuring REE, allowed 

for precise and reliable measurements. Body composition was assessed using BIA, a simple and widely accessible method 

in clinical practice[45]. 
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Some limitations should be acknowledged. The outpatient setting meant that full adherence to IC criteria (fasting, 

abstinence from nicotine products, and physical rest) could not be guaranteed despite systematic screening upon arrival. 

Transportation to the hospital prior to measurement may have introduced variability, due to physical activity during 

transit. Furthermore, the small sample size, especially for follow up, and the single-center design limit the generalization 

and the replicability of the findings. Patients unable to attend follow-up due to weakness or illness may have experienced 

worse patient outcomes, suggesting that the results may be subject to selection bias, with the most severely ill patients 

likely underrepresented in the follow up data. 

 

Conclusion 

In this cohort of patients undergoing cancer treatment, estimated energy requirements frequently differed from IC-derived 

energy requirements, with a tendency towards underestimation, particularly using the H-B equation. An increase in mus-

cle mass, comorbidities, and cancer stage IV as well as lower body fat and PhA were found to be significantly associated 

with increased energy requirements. Patients with these characteristics could therefore be considered to benefit from IC 

measurements. The multifactorial nature of energy requirements in patients with cancer highlights the needs for larger 

studies to identify patient groups who could benefit from measured rather than estimated energy requirements.  
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Tables 

 

Table 1. Baseline characteristics of the study population (N = 67) 

Characteristics Total cohort (N = 67) 

Sex, female 18 (27%) 

Age, years 71 [62, 76] 

BMI, kg/m² 24.5 [22.4, 27.1] 

Cancer type  

Pancreas cancer 13 (19%) 

Head and neck cancer 46 (69%) 

Other 8 (12%) 

Cancer stage  

Stage I 18 (27%) 

Stage II 4 (6%) 

Stage III 20 (30%) 

Stage IV 23 (34%) 

Stage unknown 2 (3%) 

Oncology treatment 

Chemotherapy 19 (28%) 

Surgery 10 (15%) 

Radiotherapy 23 (34%) 

Immunotherapy 5 (7.5%) 

No treatment at baseline 26 (39%) 

Charlson Comorbidity Index 6 [5, 9] 

Number of medications per day 6 [3, 9] 

Performance Status (ECOG)  

0 38 (57%) 

1 22 (33%) 

2+ 7 (10%) 

Geriatric 8-score  

Frail ≤14 45 (67%) 
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Not frail >14 22 (33%) 

Hand grip strength  

Reduced 24 (36%) 

30-second chair-stand test*  

Reduced 20 (30%) 

Smoking  

Former or current smoker 47 (70%) 

Alcohol consumption  

Current or former excess alco-

hol use 

21 (31%) 

Continuous data are presented as median and IQR with [Q1, Q3] 

Categorical data are presented as number and percentage (%). Percentages are calculated excluding missing data.  

Hand grip strength and 30-second chair-stand test are assessed according to reference[28]. 

*n=66. 

Alcohol consumption was categorized according to recommended limits by the Danish Health Authority (≤10 units of 
alcohol per week). 



 

 

  

 

 

Table 2 Agreement between total energy requirements estimated by clinical dietitians, Harris-Benedict equation and measured energy re-

quirements by IC, and association with selected variables 

  Comparison between dietitian and IC Comparison between H-B and IC 

  Overestimation* Agreement Underestimation** p 
 Overestimation* Agreement Underestimation** p 

 

 n n = 12 n = 39 n = 16  n = 1 n = 35 n = 31  

Muscle mass, % 64 36 [33, 42] 40 [35, 43] 41 [36, 45] 0.322 42 [42, 42] 40 [34, 43] 40 [34, 44] 0.861 

Body fat, % 64 32 [24, 39] 26 [22, 36] 25 [18, 33] 0.297 24 [24, 24] 26 [23, 36] 26 [21, 37] 0.706 

Whole-body phase angle, ° 64 5.1 [4.4, 5.5] 5.0 [4.5, 5.8] 4.6 [4.4, 5.6] 0.870 5.1 [5.1, 5.1] 5.2 [4.4, 6.1] 4.9 [4.4, 5.4] 0.553 

30-second chair-stand  66 12 [11, 15] 14 [11, 18] 15 [13, 18] 0.492 21 [21, 21] 14 [12, 19] 14 [11, 18] 0.393 

Geriatric-8 score 67 14.0 [9.9, 15.1] 13.0 [10.2, 14.2] 13.8 [11.9, 15.0] 0.395 16.0 [16.0, 16.0] 13.0 [10.0, 15.0] 13.5 [11.8, 14.8] 0.236 

Charlson Comorbidity Index 67 6 [5, 6] 6 [5, 8] 5 [4, 9] 0.467 5 [5, 5] 6 [4, 7] 6 [5, 9] 0.470 

Plasma C-Reactive Protein, mg/L 61 6 [4, 17] 5 [4, 24] 5 [4, 9] 0.872 4 [4, 4] 4 [4, 9] 7 [4, 36] 0.116 

Age, years 67 71 [63, 75] 71 [63, 76] 74 [58, 76] 0.948 74 [74, 74] 70 [59, 76] 74 [65, 77] 0.387 

BMI, kg/m² 67 24.5 [22.9, 26.0] 25.3 [22.6, 29.1] 22.3 [20.3, 27.5] 0.238 25.0 [25.0, 25.0] 25.3 [22.9, 28.1] 23.6 [21.5, 26.4] 0.370 

H-B = Harris-Benedict equation, IC = Indirect calorimetry 

Data are presented as median and IQR with [Q1, Q3] 

*Estimation >10% above IC measurements 

**Estimation > 10% below IC measurements 
 p-values (p) were analyzed by a Kruskal-Wallis test. 



 

 

  

 

 

Table 3 The association between measured resting energy expenditure (REE, kcal/kg/day) and selected variables 

 Unadjusted model Adjusted model* 

 n R2 
Estimate 

β 
SE 95% CI p R2 

Estimate 

β 
SE 95% CI p 

Muscle mass, % 64 0.142 0.187 0.058 0.07 − 0.303 0.002* 0.168 0.235 0.068 0.099 − 0.372 0.001* 

Body fat, % 64 0.226 -0.138 0.033 -0.203 − -0.073 <0.001* 0.250 -0.159 0.036 -0.23 − -0.087 <0.001* 

Whole-body phase angle, ° 64 0.070 -0.736 0.340 -1.415 − -0.057 0.034* 0.142 -1.274 0.411 -2.095 − -0.452 0.003* 

Hand grip strength (reduced vs normal) 67 0.062 1.402 0.679 0.047 − 2.757 0.043* 0.065 1.363 0.693 -0.021 − 2.747 0.053 

30-second chair-stand (reduced vs normal) 66 0.004 -0.374 0.718 -1.809 − 1.061 0.604 0.022 -0.442 0.727 -1.895 − 1.011 0.545 

Geriatric-8 score (frail vs not frail) 67 0.050 1.294 0.697 -0.098 − 2.686 0.068 0.066 1.417 0.712 -0.006 − 2.839 0.051 

Charlson Comorbidity Index 67 0.030 0.185 0.130 -0.074 − 0.444 0.158 0.073 0.317 0.150 0.017 − 0.617 0.039* 

Cancer stage (IV vs I-III) 65 0.132 2.067 0.668 0.732 − 3.402 0.003* 0.141 2.119 0.679 0.761 − 3.478 0.003* 

Plasma C-Reactive Protein, mg/L 61 0.021 0.021 0.019 -0.017 − 0.058 0.269 0.029 0.023 0.019 -0.016 − 0.061 0.238 

Unadjusted and adjusted linear regression analyses.  

*The model was adjusted for age and sex 

Results are presented as coefficient of determination (R2), unstandardized regression coefficients (β) with standard error (SE) and 95% confidence intervals (CI). P-

values (p) are analyzed from a linear regression model. 
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  (height in cm - 100) + (actual weight - (height in cm - 100))/ 3 


  6 6.5 + (13.752 × weight in kg) + (5.003 × height in cm) - (6.755 × age)


  655.1 + (9.563 × weight in kg) + (1.850 × height in cm) - (4.676 × age)

