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Abstract
Background: Minor burns could be associated with moderate hypermetabolism. In this study, the primary outcome was measured energy expenditure (mEE) determined by indirect calorimetry in patients with minor burns. We also compared mEE with predictive values and actual energy intakes.
Methods: Adults with minor burns exclusively treated on an outpatient basis were included. During the week following injury, a dietitian performed indirect calorimetry (Q‐NRG in canopy mode), calculated the estimated energy expenditure (eEE) based on the Harris‐Benedict (HB) and Henry formulas, and evaluated daily energy intakes using a food anamnesis.
Results: Forty‐nine patients (59.2% male; median age: 35 [interquartile range: 29–46.5] years; body mass index [BMI]: 26.2 [22.3–29.6] kg/m2; burn surface area [BSA]: 1.5% [1%–2%]) were included 4 (2–6) days after injury. The mEE was 1863 (1568–2199) kcal or 25 (22.4–28.5) kcal/kg and 1838 (1686–2026) kcal or 26.1 (23.7–27.7) kcal/kg in patients who were respectively fasting for >10 h or not
(P = 0.991 or P = 0.805). The total mEE was 104% (95%–116%) and 108% (99%–122%) of the total eEE using the HB and Henry formulas, respectively, with diet‐induced thermogenesis and physical activity level. Hypermetabolism (ie, oxygen consumption at rest ≥3.5 ml/kg/min) was observed in 21/49 (42.9%) patients. Energy intakes corresponded to 71% (60%–86%) of the total mEE.
Conclusion: Performing indirect calorimetry in adults with minor burns revealed that ≥40% of the tested adults presented a hypermetabolism and that their mEE was not covered by their energy intakes.
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BACKGROUND
Minor burns in adults are commonly defined as a skin damage involving <15% of the body surface area, without any threat of vital dysfunction or threat of functional or cosmetic loss. There is a trend to a worldwide decrease in burn severity, especially in developed countries.1,2 The majority of burns are small3 and are now managed in an outpatient setting.4
It is well known from patients with severe burns (involving >20% of the body surface area in adults) that nutrition support is a key part of burn care.5 Adequate nutrition status is essential for wound healing: that process is extremely energy demanding because of inflammatory and proliferative responses.6 Moreover, the medical nutrition is intended to cover the elevated needs in link with the hypermetabolic and hypercatabolic states,7 both triggered by the systemic inflammatory response. Hypermetabolism reflects an increase in whole‐body oxygen consumption above the reference range. The resting energy expenditure (EE) is then elevated, up to 40%–80% above what is normal during the first month after the burn.8 The role of mitochondria in this response has been suspected; an uncoupled respiration is thought to lead to an increased mitochondrial thermogenesis.8,9
Some data suggest that nonsevere burn injuries could also be associated with a systemic response. Although bone alterations in patients with burns were thought to be the exclusive consequence of a severe injury and its prolonged inflammation and hypermetabolism, it has recently been shown that nonsevere burn injury also leads to some bone loss in a mouse model,10 suggesting some degree of systemic inflammation response. Moreover, in another clinical study, children with minor burns had a higher mortality rate than uninjured children.11 In a more recent publication again using a mouse model, the authors confirmed that hypermetabolism can be induced by a small burn.12 In that study, minor burn was associated with a significant increase in inflammatory cytokines levels, significant fat mass change, and significant weight loss.12 To date, these observations have not been confirmed in human adults with minor burns.
If the recommendations defining optimal nutrition therapy in patients with burns are focused on severe burns,13,14 nutrition in case of minor burn injury is poorly defined. The primary objective of the present prospective descriptive cohort study was to measure the EE, using indirect calorimetry in canopy mode, of patients treated in a burn outpatient clinic for minor injuries. The secondary aims were to compare the measured EE (mEE) and estimated EEs based on common predictive equations and the measured requirements with the actual energy intakes.
METHODS
This observational study was conducted in a burn center of a tertiary hospital after approval by the local institutional review board (National Ref B7072020428731; Local Ref 2019/350; May 14, 2020). Informed consent was obtained from the patients before enrollment. The study was registered at ClinicalTrials.gov (NCT04500483).
Population
All adults with burns treated exclusively on an outpatient basis in our burn center were consecutively screened for inclusion during 2, 9, and 3 consecutive months, in 2021, 2022, and 2023 (convenience sample), respectively. The exclusion criteria were cognitive impairments, inability to communicate in the national language, oxygen therapy with nasal cannula (a potential source of air leaks and altered results), pregnancy, and refusal to participate. Each eligible patient was contacted by phone for presentation of the study and enrollment. In case of approval to participate, a 1‐h visit with the dietitian was then scheduled within the first 7 days after the burn injury.
Our outpatient burn clinic is dedicated to minor burn wound care and is mainly managed by nurses. Anesthesiologists oversee pain management. Patients are referred to plastic surgeons in case of local complications or to determine the need for any surgical procedure. Patients usually attend the clinic until complete closure of the wounds (burn wound and donor sites). The outpatient clinic team is completed by a physiotherapist and a psychologist, as required.
Clinical data
Demographic data (age, sex, weight, height, and body mass index [BMI]) were recorded for all patients. Actual weight was used for patients with a BMI <25 kg/m2. The ideal body weight (IBW) was considered as the expected weight for a BMI of 25 kg/m2 in patients who were overweight. In patients who were obese (BMI ≥30 kg/m2), adjusted body weight was calculated as follows: IBW + 0.33 × (actual weight − IBW).15 The recorded burn‐related data included burn surface area (BSA), burn depth, and localization.
Information about occupation and physical activity was also obtained. According to the Nutritional Recommendations for Belgian Population,16 the physical activity level (PAL) was used to express the patient's daily physical activity using a number: 1.4 (sedentary or light activity lifestyle, work office), 1.6 (active or moderate activity lifestyle), and 1.8 (vigorous activity lifestyle). Alcohol abuse was defined as a consumption of >14 or 21 glasses of alcohol per week in women or men, respectively, according to the Superior Health Council of Belgium (https://www.health.belgium.be/sites/default/ files/uploads/fields/fpshealth_theme_file/css_9438_avis_alcool.pdf).
Indirect calorimetry
The measurements were performed using the Q‐NRG indirect calorimeter in canopy mode (COSMED and Baxter). In canopy dilution mode, a digital turbine flowmeter operates in series with the internal blower to draw air at constant flow rate through the canopy hood. The pumping rate is automatically calculated based on the patient's weight and can be adjusted during the measurement to prevent too high or too low carbon dioxide (CO2) concentration into the hood. Inspired and expired air samples are collected in an internal micromixing chamber. These samples are then analyzed with a chemical fuel cell oxygen (O2) sensor and a nondispersive infrared adsorption digital CO2 sensor. The mean values of oxygen consumption (VO2) and carbon dioxide production are reported every 30 s. EE is calculated according to the Weir equation. The respiratory quotient is also calculated. The normal value for VO2 at rest is approximately 3.5 ml/kg/min, with higher values defining hypermetabolism.17
Gas analyzers were automatically calibrated against room air before each measurement. A calibration of the internal turbine flowmeter using a calibration syringe and a calibration of the gas analyzers against precision gas mixture were performed monthly, as recommended by the manufacturer.
Indirect calorimetry was performed in a quiet environment with no sources of distraction. Patients lay on the bed for 10 min before starting the measurement. The measurement lasted ≥20 min, with the first 5 min used to establish a stable baseline. The mEE was considered to be the measured basal EE (mBEE) in patients in fasting state, that is, no oral intake for >10 h before the measurement. In patients who did not fulfill this fasting criterion, the mEE was considered to be the resting EE (REE). The measured total EE (mTEE) was calculated by multiplying the REE by the PAL.
Estimated EE
The mEE was compared with three estimated EEs, calculated using three predictive formulas (Table 1). The Harris‐Benedict equation18 and the Henry equation19 are used for the estimated BEE (eBEE) in healthy individuals. The estimated REE was then calculated by adding the diet‐induced thermogenesis (DIT). According to the Nutritional Recommendations for Belgian Population,16 the DIT increases the BEE by 10%. The estimated TEE was finally calculated by multiplying the estimated REE by the PAL. The Toronto formula20 is used to estimate the TEE in patients with severe burns, usually hospitalized in a burn center. This is the only available formula suited for patients with burns, specific for severe injuries. The mEE was compared with the corresponding estimated EE; increased mEE compared with the estimated EE suggested a hypermetabolism.
Energy intakes
Food intakes were estimated using a food anamnesis. This anamnesis included a semistructured food consumption survey and a food frequency questionnaire and focused on the days between burn injury and dietetic visit. Photographs of utensils and containers were used to help quantify serving sizes. The daily average energy intakes were determined. The foods were converted into nutrients using the Belgian Food composition database (7th Edition, 2022: https://www. nubel.be/foodtable/?lang=fr). Daily energy intakes were compared with the mTEE.
TABLE 1	Estimated energy expenditure: predictive equations.
	Equations
	
	Estimated energy expenditure


Harris‐Benedict, kcal/day
	Men	BEE = (13.75 × W) + (5 × h) – (6.8 × age) + 66
	Women	BEE = (9.6 × W) + (1.8 × h) – (4.7 × age) + 655
	Henry, kcal/day
Men
18–30 years
	BEE = 14.4 × W + 313 × H + 113

	30–60 years
	BEE = 11.4 × W + 541 × H − 137

	>60 years
	BEE = 11.4 × W + 541 × H − 256

	Women
18–30 years
	BEE = 10.4 × W + 615 × H − 282

	30–60 years
	BEE = 8.18 × W + 502 × H − 11.6

	>60 years
	BEE = 8.52 × W + 421 × H + 10.7


Toronto, kcal/day TEE = −4343 + (10.5 × BSA) + (0.23 × past energy intake) + (0.84 × BEE by Harris‐Benedict crude) + (114 × T) − (4.5 × days after injury)

Abbreviations: BEE, basal energy expenditure; BSA, burn surface area; h, height (cm); H, height (m); T, body temperature (°C); TEE, total energy expenditure; W, weight (kg).
Statistical analysis
Statistical analysis was performed using Graphpad Prism (version 6.0 for Mac OSX; Graphpad Inc). Normality was assessed using the Shapiro‐Wilk test. Because some datasets did not pass the normality test, the results were expressed as medians with lower and upper quartiles for quantitative parameters or as counts and proportions for qualitative parameters. Comparisons between data were made using the MannWhitney or Wilcoxon tests. Predictive formulas were tested against the reference method (indirect calorimetry) for bias using Bland‐Altman analysis and for accuracy. Correlations between data were tested using the Spearman test. A P value <0.05 was considered statistically significant.
RESULTS
Patients
Of the 301 patients who met the inclusion criteria during the 14 months of recruitment, 151 could be reached by phone to schedule a visit, and 49 completed the study (Figure 1). The characteristics of the patients are detailed in Table 2. Eight patients (16.3%) were obese.
Indirect calorimetry
The measurement was performed a median of 4 (interquartile range: 2–6) days after the injury and lasted 18.5 (16.9–20) min.
[image: ]
FIGURE 1	Patient‐selection flowchart.
The recorded data are detailed in Table 3. Twelve patients fulfilled the fasting criterion (24.5%): their mEE was statistically similar to the mEE of nonfasted patients (P = 0.991). In women, the mEE was 1152 (1404–1646) kcal/day, corresponding to 23.6 (20.8–27.5) kcal/kg/ day. In men, the mEE was 2127 (1929–2430) kcal/day, corresponding to 25.7 (23.7–29.26) kcal/kg/day. The mTEE did not differ between patients who smoked and patients who do not smoke (P = 0.718) or between patients who were alcoholic and patients who
were not alcoholic (P = 0.1457).
A VO2 ≥ 3.5 ml/kg/min (defining one metabolic equivalent of task, the energy consumption of a person while at complete rest) was observed in 21 of 49 (42.9%) patients. These patients did not differ from patients with VO2 < 3.5 ml/kg/min in terms of age, sex, or BSA (Table S1).
Estimated EE
Estimated EE are detailed in Table 4. The estimated TEE using the Toronto equation extremely underestimated the mTEE (P < 0.001). The eBEE using both the Harris‐Benedict and Henry equations were significantly lower than the mBEE (P = 0.034 and P = 0.001, respectively). The mBEE was 108% (99%–122%) of the Henry formula and TABLE 2	Descriptive characteristics of the included patients.
	Characteristic
	n = 49

	Age, median (IQR), years
	35 (29–46.5)

	Women, n (%)
	20 (40.8)

	Weight, median (IQR), kg
	83 (65.5–95)

	Height, median (IQR), cm
	174 (165.5–183)

	BMI, median (IQR), kg/m2
	26.2 (22.3–29.6)

	Weight considered for nutrition calculation, median (IQR), kg
	73.7 (63.2–83.4)

	Lifestyle, n (%) Lightly active
	9 (18.4)

	Moderately active
	35 (71.4)

	Vigorously active
	5 (10.2)

	PAL (Belgian definition), median (IQR)
	1.6 (1.6–1.6)

	Smoker, n (%)
	14 (28.6)

	Alcohol abuser, n (%)
	13 (26.5)


BSA, median (IQR), %	1.5 (1–2)
	Burn etiology, n (%)
ThermicThermic
	
	42 (85.7)

	Chemical
	
	5 (10.2)

	Others
	
	2 (4.1)


Burn depth, n (%)
	First degree
	4 (8.2)

	First + second degree
	6 (12.2)

	Second degree
	38 (77.6)

	Third degree
	1 (2)

	Burn location, n (%)
Face
	
	6 (12.2)

	Hands
	
	19 (38.8)

	Others
	
	24 (49)


Skin grafting, outpatient setting, n (%)	4 (8.2)

Abbreviations: BMI, body mass index; BSA, burn surface area; PAL, physical activity level.
105% (96%–116%) of the Harris‐Benedict equation. The less important bias between eBEE and mBEE was observed with the Harris‐Benedict equation: the bias was −82.6 ± 255.1 kcal, with a large agreement interval (ranging from −582.7 to 417.5 kcal). An mBEE less than or equal to BEE estimated by the Harris‐Benedict equation was observed in 17 of 49 (34.7%) patients. These patients had a lower VO2 compared with patients with an mBEE exceeding the eBEE: 3.01 (2.50–3.26) vs 3.63 (3.27–4.10) ml/kg/min, respectively (P < 0.001). However, these two subgroups did not differ in terms of age, BMI, and BSA (Table S2). The difference between mBEE and eBEE based on the Harris‐Benedict equation did not correlate with VO2 (rs −0.02345; P = 0.8858).
Energy intakes
Most of the included patients (33 [67.3%]) declared they had not changed their amount of food intake since burn injury. Fourteen patients (28.6%) reduced food intake because of pain, inactivity, or decreased appetite, whereas two others increased their intake. Average daily energy intakes reached 2095 (1726–2541) kcal or 28.4 (23.3–36.3) kcal/kg, corresponding to 71% (60%–86%) of the mTEE.
DISCUSSION
In the present cohort of adults treated in an outpatient clinic for minor burns, the mBEE was around 105% of the predicted BEE for healthy patients, according to the Harris‐Benedict and Henry formulas. The mBEE reached 24 kcal/kg/day. A hypermetabolism, characterized by either VO2 ≥ 3.5 ml/kg/min or a mBEE higher than eBEE, was observed in 41%–65% of the cohort. No studied parameter, especially BSA, was linked to this hypermetabolism. An increased level of EE, measured by indirect calorimetry and compared with the values predicted by the Harris‐Benedict equation, was also observed in another cohort of patients with minor burns (BSA around 3.7%).21 In that recently published study, there was a linear relationship between BSA and BEE. Altogether, these findings support the hypothesis of a moderate hypermetabolism after minor burn injury.12 However, it is still unknown if such a slightly hypermetabolic state impacts clinical outcomes, such as wound healing or the infection rate.
In our cohort of young and active adults, the energy intakes were 28% lower than the energy requirements measured by indirect calorimetry. Most of the patients did not change their dietary behavior following burn injury: observed intakes could thus reflect poor eating habits or inadequate intakes. This observation may suffer from a method‐related bias because nutrition intakes were selfreported and not recorded daily using an objective method, such as pictures of meals. It was thus possible that participants, consciously

TABLE 3	Indirect calorimetry.
	
	Fasted patients
(n = 12), median (IQR)
	Nonfasted patients
(n = 37), median (IQR)

	Measured EE, kcal
	1863 (1568–2199)
	1838 (1686–2026)

	Measured EE, kcal/kg
	25 (22.4–28.6)
	26.1 (23.7–27.6)

	VO2, ml/min
	267 (225–316)
	268.5 (248.5–295.3)

	VO2, ml/min/kg
	3.38 (2.99–3.77)
	3.51 (3.02–3.98)

	VCO2, ml/min
	232 (186–248)
	219.5 (185–232.8)

	RQ
	0.81 (0.78–0.88)
	0.78 (0.75–0.84)


Abbreviations: EE, energy expenditure; RQ, respiratory quotient; VCO2, carbon dioxide production; VO2, oxygen consumption.
TABLE 4	Measured and estimated EE.
or unconsciously, forgot to declare some foods or misjudged amounts. However, similar conclusions of insufficient intakes were observed in two other studies focused on different cohorts of minor burns.21,22 An important interindividual variability was observed in both studies in terms of the difference between energy intakes and expenditure. This reinforces the need for an individualized nutrition approach for patients with burns, even if they do not present with a severe injury.
		
	mBEE (n = 37), median (IQR)
	mREE (n = 49), median (IQR)
	mTEE (n = 49), median (IQR)

	Indirect calorimetry, kcal
	1722 (1475–1993)
	1913 (1605–2203)
	2998 (2551–3437)

	Indirect calorimetry, kcal/kg
	23.8 (20.9–26.2)
	26.4 (23.2–29.1)
	41.8 (35.8–46.6)

	Esti
	eBEE (n = 49), median (IQR)
	eREE (n = 49), median (IQR)
	eTEE (n = 49), median (IQR)

	Harris‐Benedict, kcal
	1621 (1473–1866)
	1783 (1620–2053)
	2706 (2473–3264)

	Henry, kcal
	1641 (1400–1806)
	1805 (1540–1987)
	2773 (2421–3138)

	Toronto, kcal
	—
	—
	1704 (1498–1989)


Note: REE is the BEE multiplied by 1.10. TEE is the REE multiplied by the physical activity level.
Abbreviations: BEE, basal energy expenditure; EE, energy expenditure; IQR, interquartile range; REE, resting energy expenditure; TEE, total energy expenditure.


Based on the present results and some previously published data, all patients admitted to a burn outpatient clinic should probably be assessed for malnutrition. Given the lack of nutrition training and knowledge of the majority of healthcare professionals,23 dietitians should ideally help screening patients at risk of undernutrition. According to the scarce literature about outpatient burn care, this approach is probably not commonly implemented24 because outpatient care is mainly centered on wound care, management of pain,
and pruritus.4 Considering the limited evidence of mEE exceeding energy intakes,21 it would be reasonable to ensure that the intakes cover at least the predicted requirements for subjects who are healthy, based on the Harris‐Benedict formula or, ideally, on indirect calorimetry.25 From this point of view, patients at risk of undernutrition should probably be detected using tools such as the Malnutrition Universal Screening Tool validated for outpatients.26 Patients with prolonged healing or who need a skin graft should also deserve a particular attention. However, it is still unknown if increasing energy intakes to cover the mEE would be associated with better outcomes in terms of wound healing. If minor burns lead to moderate hypermetabolism, the risk of harm while increasing nutrition intakes during the acute phase after injury, as observed in critically ill patients,27 should also be excluded.
The present study is one of the first to focus on nutrition support in patients with small burns, bringing new insights on the way to care of them. However, some limitations need to be acknowledged. First, the cohort was small, mainly because of a low consent rate. Only young adults with very small burns were recruited. Further studies should evaluate the energy requirements in burns around 10%–15% BSA and in older adults. Second, adding a healthy control group would have been relevant to help quantify the importance of hypermetabolism. Different factors are known to increase the BEE and contribute to a hypermetabolism status in the general population. Although smoking and alcohol consumption did not significantly impact the mEE, some other factors such as adrenal or thyroid diseases were not taken into account in the present study. Third, indirect calorimetry measurements were not repeated. Measurement until wound healing and even wound remodeling would bring in additional data on the metabolic response after a minor burn. Fourth, biological parameters could be added to the analysis, at least to document the inflammation reaction after small burns. Finally, the estimated EEs rely on estimations of DIT and PAL. DIT varies according to the quantity and type of oxidized substrate. Considering DIT as 10% of the BEE may have overestimated or underestimated REE in some patients. Furthermore, we used the PAL recommended by the Belgian authorities to calculate the TEE. This may have overestimated the total energy requirements, compared with the values commonly seen in daily practice. However, this parameter does not change the basal difference observed between mBEE and the two eBEEs using the Henry and Harris‐Benedict formulas.
CONCLUSION
Performing indirect calorimetry in adults with very small burns revealed that ≥40% of the tested adults presented a hypermetabolism status that was not covered by their energy intakes. Inoutpatient burn clinics, it should be verified that the energy intakes reach at least those required for those who are healthy. The optimization of the nutrition support after minor burns requires longitudinal and interventional studies that include biological parameters.
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