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Abstract. Critically ill patients admitted to the Intensive Care Unit (ICU) often
experience metabolic changes that affect acid-base balance and blood gas levels,
including the partial pressure of carbon dioxide (PaCOz). Carbohydrates and fats
are the main sources of nonprotein calories that contribute to CO2 production
through metabolic processes. This study aimed to explore the correlation between
carbohydrate and fat intake and PaCOz levels in critically ill patients receiving
enteral feeding at Dr. Saiful Anwar General Hospital, East Java Province,
Indonesia. This study employed an observational, cross-sectional design (n=20).
Data on carbohydrate and fat intake were collected from multiple 24-hour enteral
feeding records, while PaCO: levels were measured via arterial blood gas
analysis. The correlation was assessed with Pearson correlation test, and mean
differences were examined using One-Way ANOVA. Results indicated that the
average carbohydrate intake was 157.32+46.61 g, with an adequacy of
77.92426.23%, and fat intake was 40.11+12.73 g, with an adequacy of
82.66+30.10%. No significant association was found between PaCO: levels and
either carbohydrate or fat intake and adequacy (p > 0.05). This study concludes
that carbohydrate and fat intake are not significantly associated with PaCO2
levels in critically ill patients receiving enteral feeding. Further study is
recommended to investigate macronutrient intake in critically ill patients with
stricter control of respiratory variables.

Keywords: Carbohydrate Intake, Fat Intake, PaCOz, Critically Il Patients,
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1 Introduction

Critically ill patients are individuals experiencing life-threatening conditions character-
ized by dysfunction of vital organs and a high risk of rapid clinical deterioration [1]. In
Indonesia, the prevalence of critically ill patients has increased substantially, from
33,148 cases in 2019 to 52,719 in 2021, with an average intensive care unit (ICU) oc-
cupancy rate of 64.83% [2]. This growing burden is accompanied by high mortality
rates in intensive care units. A five-year retrospective cohort study by Melaku et al.
(2024) reported an overall ICU mortality rate of 35.9%, with nearly half of all deaths

© The Author(s) 2026

S. Wisnasari et al. (eds.), Proceedings of the 6th International Nursing and Health Sciences Symposium (INHSS
2025), Advances in Health Sciences Research 95,

https://doi.org/10.2991/978-94-6239-770-5_14


mailto:author@example.com
https://doi.org/10.2991/978-94-6239-770-5_14
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6239-770-5_14&domain=pdf
https://orcid.org/0000-0002-9103-629X

Correlation of Carbohydrate and Fat Intake with PaCO2 Levels in ... 129

attributed to septic shock, congestive heart failure, severe community-acquired pneu-
monia, and stroke [3]. Similarly, Munawaroh et al. (2024) reported an ICU mortality
rate of 75.9% at Aisyiyah Islamic Hospital, Malang, in 2023 [4]. A considerable pro-
portion of these patients develop respiratory failure and require mechanical ventilation,
highlighting the importance of appropriate management strategies to preserve organ
function and improve clinical outcomes [5].

Critically ill patients commonly experience metabolic stress characterized by hyperme-
tabolism and hypercatabolism, leading to increased energy requirements [6]. Adequate
nutritional support, delivered either enterally or parenterally, is essential to promote
anabolic responses and improve recovery [7]. However, determining the optimal mac-
ronutrient composition remains challenging, as the metabolism of carbohydrates, fats,
and proteins produces carbon dioxide (CO2) as a byproduct, albeit in different amounts.
Carbohydrates have the highest respiratory quotient (RQ = 1.0), compared with protein
(= 0.8) and fat (= 0.7), indicating that higher carbohydrate intake may increase CO-
production and, consequently, respiratory workload [8], [9]. This issue is particularly
relevant in patients with impaired pulmonary function.

The impact of metabolic processes on respiratory function can be assessed through ar-
terial partial pressure of carbon dioxide (PaCO-), which is considered the gold standard
indicator of alveolar ventilation efficiency [10]. Under normal physiological condi-
tions, PaCO: is maintained within the range of 35-45 mmHg. However, excessive CO-
production that is not adequately compensated by ventilation may lead to hypercapnia,
potentially worsening respiratory failure and prolonging the duration of mechanical
ventilation [11], [12].

Although the concept of respiratory quotient provides a theoretical basis for the rela-
tionship between diet and CO: production, clinical evidence regarding the effect of
macronutrient intake on PaCO: remains inconsistent. For example, Nourmohammadi
et al. (2022) demonstrated that a low-carbohydrate, high-fat diet significantly reduced
PaCO: levels, whereas other studies have reported no significant effect of macronutri-
ent ratios in patients with hypercapnic respiratory failure [13], [14]. These discrepan-
cies, along with the limited number of studies evaluating specific enteral formulas in
local populations, highlight the need for further investigation. Therefore, this study
aims to analyze the correlation between carbohydrate and fat intake and PaCO- levels
in critically ill patients diagnosed with acute respiratory failure (ARF) and pneumonia
who receive enteral feeding.

2 Methods

This study employed an analytical observational design with a cross-sectional approach
and was conducted in the Intensive Care Unit (ICU) of Dr. Saiful Anwar Hospital, East
Java Province, Indonesia, from July to September 2025. A total sampling technique
was employed, whereby all eligible critically ill patients admitted to the ICU over the
three-month study period who met the inclusion and exclusion criteria were included.
As in previous single-center observational studies involving mechanically ventilated
critically ill patients [15], eligibility was restricted to patients with specific clinical
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characteristics and complete clinical data. The final sample consisted of 20 participants,
representing the entire accessible study population during the study period. Ethical ap-
proval was obtained from the Health Research Ethics Committee of Dr. Saiful Anwar
Hospital (Approval No. 400/171/K.3/120.7/2025).

Inclusion criteria comprised adult critically ill patients (>18 years) receiving mechani-
cal ventilation, diagnosed with acute respiratory failure (ARF) or pneumonia, receiving
enteral nutrition (non-protein calorie formula), and having at least three recorded
PaCO: measurements during ICU stay. Patients with recent shock (within 24 hours),
defined by hemodynamic instability or vasopressor use, or those with incomplete data
were excluded.

Baseline anthropometric data, including body weight and height, were obtained from
the initial measurements documented in the patients' medical records. Body mass index
(BMI) was calculated as weight (kg) divided by height squared (m?), and nutritional
status was classified according to the World Health Organization (WHO) Asia-Pacific
BMI classification [16].

Dietary intake data, including carbohydrate and fat intake, were obtained from two 24-
hour enteral and parenteral feeding records documented in the hospital nutrition moni-
toring forms, each representing the patients' intake during the 24 hours preceding arte-
rial blood gas (ABG) assessment. The mean values of the two dietary records were used
for analysis. Arterial PaCO: levels were obtained from the second and third ABG meas-
urements, and the mean of these two measurements was used to represent each patient's
PaCO: level. Likewise, the mean values of the two dietary records were used for anal-
ysis.

Nutritional data were entered and processed using Microsoft Excel, and the statistical
analyses were performed using IBM SPSS Statistics version 29.0. Carbohydrate and fat
intake were analyzed as absolute intake (g/day) and adequacy percentage. Energy re-
quirements were estimated at 25 kcal/kg body weight/day according to the ESPEN
guideline for critically ill patients [17]. Target carbohydrate and fat requirements were
determined as 55% and 30% of the estimated total energy requirement, respectively,
based on standard macronutrient distribution recommendations [6]. Adequacy percent-
age was calculated as (actual intake + estimated requirement) x 100%.

Descriptive statistics were used to summarize patient characteristics and nutrient intake
distribution. The correlation between carbohydrate and fat intake and PaCO- levels was
analyzed using the Pearson correlation test after confirming normal data distribution.
In addition, differences in metabolic and nutritional variables across PaCO: categories
were assessed using one-way ANOVA for normally distributed data and the Kruskal—
Wallis test for non-normally distributed data, followed by Tukey HSD or appropriate
non-parametric post hoc tests when applicable. Statistical significance was set at p <
0.05. All statistical analysis was performed by SPSS (Statistical Package for Social
Sciences) version 29.0 (IBM Statistics, United States).
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3 Results

3.1  Characteristics of Study Subjects

The primary characteristics of the study participants are shown in Table 1. This section
summarizes the demographic and clinical profiles of the subjects, including age, sex,
primary diagnosis, comorbidities, and nutritional status, to provide an overview of the
study population.

Table 1. Characteristics of study subjects.

Characteristics n %
Sex

Female 15 75
Male 5 25
Age

19 - 44 years (Adults) 5 25
45 — 59 years (Middle-aged) 9 45
= 60 years (Elderly) 6 30
Current Medical Diagnosis

ARF 1 5
Pneumonia 1 5
ARF + Pneumonia 18 90
Comorbidities

Adenocarcinoma 1 5
Chronic asthma 1 5
Pulmonary contusion 2 10
COPD 1 5
Encephalopathy 1 5
Guillain-Barre Syndrome 1 5
Moderate ARDS 1 5
Moderate hypoxemia 1 5
Cerebral space-occupying lesion 1 5
Stroke 8 40
Head injury 2 10
Nutritional Status

Normal 7 35
Overweight 5 25
Obesity class I 6 30
Obesity class 11 2 10

AREF: acute respiratory failure, COPD: chronic obstructive pulmonary disease, ARDS: acute res-
piratory distress syndrome.

Among the 20 critically ill patients included, the majority were female (75%), with a
mean age of 52.90 + 15.14 years. Most participants were middle-aged (45%) or elderly
(30%). Acute respiratory failure (ARF) combined with pneumonia was the predominant
diagnosis (90%). Stroke was the most common comorbidity (40%), followed by head
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injury (10%) and pulmonary contusion (10%). The mean body mass index (BMI) was
24.45 + 3.50 kg/m?, with 35% of patients classified as having normal nutritional status,
25% as overweight, 30% as obesity class I, and 10% as obesity class II.

3.2 Carbohydrate and Fat Intake

Table 2 summarizes the estimated requirements, actual intake, and adequacy of carbo-
hydrate and fat among the study participants. Values are presented as mean+SD to
reflect inter-individual variation.

Table 2. Carbohydrate and fat intake.

Intake Mean Requirement (g) Total Intake (g) Adequacy (%)
Carb 203.50+20.19 157.32446.61 77.92426.23
Fat 49.33+£4.90 40.11+£12.73 82.661+30.10

Values are based on mean+SD. Carb: carbohydrate.

Mean carbohydrate intake (157.321+46.61 g) was lower than the estimated requirement
(203.50420.19 g), with an adequacy level of 77.924+26.23%. Similarly, mean fat intake
(40.11+12.73 g) was below the requirement (49.33+4.90 g), with an adequacy of
82.66130.10%.

33 PaCO: Levels

PaCO: levels were monitored as the primary outcome variable. The mean PaCO- values
obtained from the second and third arterial blood gas (ABG) measurements are pre-
sented in Table 3.

Table 3. Average PaCO: levels.

Variable Measurement 1  Measurement 2
Mean PaCO2 (mmHg) 39.90+10.78 38.83+8.28

Values are based on mean+SD.

As shown in Table 3, the mean PaCO: level decreased slightly from 39.90+10.78
mmHg at the second measurement to 38.83+8.28 mmHg at the third measurement.

3.4  Correlation of Carbohydrate, Fat, and PaCO:

The relationship between nutritional status and respiratory outcomes was further exam-
ined using correlation analysis. This analysis evaluated the correlation between carbo-
hydrate and fat intake and PaCO,. The results, including the correlation coefficients ()
and p-values (p), are summarized in Table 4.

Pearson correlation analysis showed no significant correlation between carbohydrate
intake and PaCO: (r=0.065, p = 0.786) or between carbohydrate adequacy and PaCO-
(r=10.069, p = 0.771). Likewise, neither fat intake (r = 0.103, p = 0.666) nor fat ade-
quacy (r=0.111, p=0.641) was significantly correlated with PaCO- levels. To further
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evaluate differences according to PaCO: categories, trend and group comparison anal-
yses were performed for energy intake, macronutrient intake, and metabolic parame-
ters. The results are summarized in Table 5.

Table 4. Correlation of carbohydrate and fat intake with PaCO2

Variable Mean+SD r P

Carb intake (g) 157.32+46.61 0.065 0.786
Carb adequacy (%) 77.92426.23  0.069 0.771
Fat intake (g) 40.11£12.73  0.103  0.666
Fat adequacy (%) 82.66+30.10 0.111 0.641

Values are based on mean+SD. Carb: carbohydrate
p-values < 0.05 are considered significant.

Table 5. Intake energy, carbohydrate, fat, and metabolic parameters across PaCO> categories

. PaCO; Categories P p-
Variable Low (n=6) Normal (n=9) High (n=5) trend value
Intake
Energy in- 1094.604+309.50  911.03+347.29  1107.20+287.16  0.949 0.444
take (kcal)

Energy ade-  76.344+24.68 59.59+22.04 78.24428.71 0.899 0.302
quacy (%)

Carbohy- 168.76+43.15 143.57+53.70 168.33£38.10 0.988 0.516
drate intake

(®

Carbohy- 85.631+26.02 68.15+24.73 86.27428.43 0.968 0.339
drate ade-

quacy (%)

Fat intake 42.73+13.41 35.39413.07 45.46+10.35 0.725 0.321
(®

Fat ade- 89.701+32.74 70.49+25.54 96.11+31.84 0.723 0.257
quacy (%)

Metabolic Profile

Systolic BP  122.67+16.02 131.89£16.78 124.80+10.71 0.821 0.490
(mmHg)

Diastolic 76.33+£7.39 78.11+£6.23 75.601+6.19 0.856 0.766
BP (mmHg)

Hb (g/d) 10.77£2.50 11.18+£2.48 10.7612.30 0.996 0.930
PaO: 122.75 (29.93) 108.55 (34.00) 86.00 (153.53) 0.707 0.419
(mmHg)

HCOs 23.68+2.61* 26.64+4.17° 34.2943.60° <0.001 <0.001
(mEq/L)

Values are based on mean+SD or median (IQR). BP: blood pressure, Hb: haemoglobin, PaOx:

partial pressure of arterial oxygen.
Low category: <35 mmHg, normal category: 35-45 mmHg, high category: >45 mmHg.
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P-trend derived from polynomial contrast. P-value for group difference derived from one-way
ANOVA or Kruskal-Wallis. Different superscript letters indicate statistically significant differ-
ences between groups based on Tukey's HSD post hoc test (p < 0.05); values sharing the same
superscript letter are not significantly different. P-values < 0.05 were considered statistically sig-
nificant.

No significant differences were observed in energy intake, energy adequacy, carbohy-
drate intake, carbohydrate adequacy, fat intake, or fat adequacy across the low, normal,
and high PaCO: groups (all p > 0.05). Likewise, no significant differences were found
in systolic blood pressure, diastolic blood pressure, haemoglobin, or PaO. among the
three groups.

In contrast, HCOs™ levels differed significantly across PaCO- categories (p < 0.001).
Post hoc analysis demonstrated that the high PaCO-. group had significantly higher
HCOs™ levels than both the low (p < 0.001) and normal PaCO: groups (p = 0.004),
whereas no significant difference was observed between the low and normal groups (p
=0.297).

4 Discussion

4.1  Characteristics of Study Subjects

The present study included predominantly middle-aged and elderly patients, with most
participants diagnosed with ARF and pneumonia. This patient profile reflects the typi-
cal ICU population requiring mechanical ventilation. Advanced age has been associated
with reduced respiratory reserve and impaired ventilatory compensation, which may
contribute to altered gas exchange and respiratory outcomes [18]. Likewise, the high
proportion of patients with ARF and pneumonia is consistent with the underlying path-
ophysiology of respiratory failure requiring ventilatory support [19]. In addition, stroke
was the most common comorbidity, suggesting a substantial burden of neurological and
respiratory compromise that may further affect ventilatory control. Furthermore, the
variability in BMI observed in this study may affect respiratory mechanics and ventila-
tory function, as obesity has been associated with increased work of breathing and im-
paired gas exchange [20]. These clinical characteristics should be considered when in-
terpreting PaCO: levels because they may influence respiratory function independently
of nutritional intake.

4.2  Carbohydrate and Fat Intake

The present study showed that both carbohydrate and fat intake were below the esti-
mated requirements, with mean adequacy levels of 77.9% and 82.7%, respectively.
These findings differ from those of Javid et al. (2021), who reported a predominance
of underfeeding among critically ill patients, possibly reflecting differences in nutri-
tional assessment methods and feeding practices across healthcare settings [11].

Maintaining an appropriate carbohydrate intake is important in critically ill patients.
Insufficient carbohydrate intake may promote muscle catabolism and delay ventilator
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weaning, whereas excessive carbohydrate intake may increase carbon dioxide produc-
tion and ventilatory burden [9], [21]. Therefore, carbohydrate intake should be carefully
balanced to meet metabolic demands without imposing unnecessary respiratory burden.
Similarly, appropriate fat intake is essential to support metabolic demands during crit-
ical illness. Although the mean fat adequacy observed in this study was within an ac-
ceptable range, the relatively large variability suggests that some patients experienced
underfeeding whereas others may have received excessive fat intake. Reduced fat in-
take during the acute phase may be tolerated because of endogenous energy reserves
[22], [23]; however, prolonged inadequacy or excessive energy provision may contrib-
ute to adverse metabolic consequences. Therefore, careful nutritional monitoring re-
mains essential to optimize nutritional support while avoiding complications associated
with overfeeding [24], [25].

4.3 PaCO: Levels

As shown in Table 3, a slight descriptive decline in mean PaCO- was observed between
the two measurements. Although this trend may reflect physiological adaptation during
clinical management, it should be interpreted with caution because no statistical com-
parison was performed between the two measurements.

Physiologically, PaCO: reflects the balance between carbon dioxide production and al-
veolar ventilation [26]. However, in critically ill patients, PaCO: is also influenced by
multiple factors, including disease severity, respiratory mechanics, and ventilator set-
tings. Furthermore, arterial blood gas measurements were obtained at variable intervals
according to individual clinical conditions rather than at standardized time points.
Therefore, the observed changes should not be attributed solely to enteral nutritional
intake but interpreted within the broader clinical context.

4.4  Correlation of Carbohydrate, Fat, and PaCO>

In the present study, neither carbohydrate nor fat intake, expressed as absolute intake
or adequacy percentage, was significantly correlated with arterial carbon dioxide partial
pressure (PaCOz2). These findings are consistent with those reported by Al-Dorzi et al.,
who similarly found that macronutrient composition was not significantly associated
with PaCO: in patients with hypercapnic respiratory failure [14].

The absence of a significant association may be explained by the fact that energy intake
in this study generally ranged from below the estimated requirement to near the pre-
scribed target, with no evidence of hypercaloric feeding. Energy intake generally
ranged from below the estimated requirement to near the prescribed target, with no
evidence of hypercaloric feeding. Although carbohydrate metabolism theoretically gen-
erates more CO: because of its higher respiratory quotient (RQ = 1.0) compared with
fat (RQ = 0.7), this effect becomes clinically relevant primarily under conditions of
overfeeding, when excess caloric substrates promote lipogenesis and additional CO-
production [14], [27]. Therefore, variations in carbohydrate and fat intake alone, in the
absence of excessive energy intake, may not be sufficient to produce clinically mean-
ingful changes in PaCO..
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From a physiological perspective, PaCO: reflects the balance between carbon dioxide
production and alveolar ventilation [28]. In mechanically ventilated critically ill pa-
tients, ventilatory factors including tidal volume, minute ventilation, ventilation mode,
respiratory mechanics, and the severity of the underlying disease are likely to exert a
greater influence on PaCO: than modest variations in macronutrient intake [29], [30].
Furthermore, individualized ventilator management and heterogeneity in patients' clin-
ical conditions may have obscured any subtle metabolic effects of nutrient intake on
PaCO..

This interpretation is further supported by the comparison of patients across PaCO-
categories. Consistent with the correlation analysis, no significant differences were ob-
served in energy intake, carbohydrate intake, fat intake, or their respective adequacy
percentages among the low, normal, and high PaCO- groups. Likewise, systolic blood
pressure, diastolic blood pressure, haemoglobin, and PaO: did not differ significantly
across the three groups. These findings suggest that, under routine ICU nutritional man-
agement, variations in energy and macronutrient intake within the observed range may
have limited influence on PaCO: levels, whereas respiratory status and ventilatory man-
agement are likely to play a more prominent role [26].

In contrast to the nutritional variables, serum bicarbonate (HCOs") levels increased pro-
gressively across the PaCO- categories, with significantly higher concentrations ob-
served in the high PaCO. group than in the low and normal groups. This pattern is
consistent with the physiological renal compensatory response to sustained hypercap-
nia, whereby bicarbonate retention helps maintain acid—base homeostasis despite ele-
vated arterial carbon dioxide levels [31]. The close association between PaCO: and
HCOs™ observed in this study therefore reflects the expected physiological regulation
of acid-base balance in critically ill patients rather than an effect of macronutrient in-
take.

4.5  Study Limitations

This study has several limitations. The relatively small sample size and single-center
setting may have limited the statistical power to detect modest associations and reduced
the generalizability of the findings. In addition, variations in disease severity, comor-
bidities, and ventilator settings among patients may have influenced PaCO: levels. Sev-
eral potential respiratory confounding factors, including dead space ventilation, seda-
tive use, fluid status, and disease progression, were also not fully controlled. Therefore,
these findings should be interpreted with caution.

4.6  Clinical Implications

Despite these limitations, this study contributes to the limited evidence on the relation-
ship between macronutrient intake and PaCO: levels in mechanically ventilated criti-
cally ill patients. Neither carbohydrate nor fat intake, expressed as absolute intake or
adequacy percentage, was significantly associated with PaCO- levels. Clinically, these
findings suggest that PaCO- should be interpreted in conjunction with patients' respir-
atory condition and ventilatory management rather than nutritional intake alone. Future
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prospective multicenter studies with larger sample sizes and more comprehensive con-
trol of potential confounding factors are warranted to confirm these findings and further
clarify the relationship between macronutrient intake and respiratory outcomes.

5 Conclusion

This study demonstrated that there was no significant correlation between carbohydrate
and fat intake, including their adequacy levels, and PaCO: in critically ill patients re-
ceiving enteral nutrition. These findings indicate that macronutrient composition alone
may not substantially influence PaCO: under controlled nutritional conditions. The lack
of association may be explained by relatively adequate intake among patients, which
reduces the likelihood of excess CO: production. Moreover, PaCO; levels are primarily
determined by ventilatory factors, particularly in mechanically ventilated patients,
where alveolar ventilation plays a key role in CO: elimination. The significant and pro-
gressive increase in HCOs™ levels alongside higher PaCO; categories further demon-
strates a coupled physiological compensatory response aimed at maintaining acid-base
homeostasis in these patients. Therefore, nutritional management in critically ill pa-
tients should focus on achieving appropriate energy balance and individualized care
rather than emphasizing macronutrient ratios alone. Further research with larger sample
sizes and controlled interventions is needed to better elucidate the relationship between
macronutrient composition and respiratory outcomes.
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	Critically ill patients commonly experience metabolic stress characterized by hyperme- tabolism and hypercatabolism, leading to increased energy requirements [6]. Adequate  nutritional support, delivered either enterally or parenterally, is essential to promote  anabolic responses and improve recovery [7]. However, determining the optimal mac- ronutrient composition remains challenging, as the metabolism of carbohydrates, fats, and proteins produces carbon dioxide (CO₂) as a byproduct, albeit in different amounts. Carbohydrates have the highest respiratory quotient (RQ ≈ 1.0), compared with protein  (≈ 0.8) and fat (≈ 0.7), indicating that higher carbohydrate intake may increase CO₂ production and, consequently, respiratory workload [8], [9]. This issue is particularly  relevant in patients with impaired pulmonary function. 
	2 Methods 
	attributed to septic shock, congestive heart failure, severe community-acquired pneu-monia, and stroke [3]. Similarly, Munawaroh et al. (2024) reported an ICU mortality  rate of 75.9% at Aisyiyah Islamic Hospital, Malang, in 2023 [4]. A considerable pro- portion of these patients develop respiratory failure and require mechanical ventilation,  highlighting the importance of appropriate management strategies to preserve organ  function and improve clinical outcomes [5].  
	Although the concept of respiratory quotient provides a theoretical basis for the rela-tionship between diet and CO₂ production, clinical evidence regarding the effect of  macronutrient intake on PaCO₂ remains inconsistent. For example, Nourmohammadi et al. (2022) demonstrated that a low-carbohydrate, high-fat diet significantly reduced PaCO₂ levels, whereas other studies have reported no significant effect of macronutri-ent ratios in patients with hypercapnic respiratory failure [13], [14]. These discrepan- cies, along with the limited number of studies evaluating specific enteral formulas in  local populations, highlight the need for further investigation. Therefore, this study aims to analyze the correlation between carbohydrate and fat intake and PaCO₂ levels in critically ill patients diagnosed with acute respiratory failure (ARF) and pneumonia  who receive enteral feeding.  
	Critically ill patients commonly experience metabolic stress characterized by hyperme- tabolism and hypercatabolism, leading to increased energy requirements [6]. Adequate  nutritional support, delivered either enterally or parenterally, is essential to promote  anabolic responses and improve recovery [7]. However, determining the optimal mac- ronutrient composition remains challenging, as the metabolism of carbohydrates, fats, and proteins produces carbon dioxide (CO₂) as a byproduct, albeit in different amounts. Carbohydrates have the highest respiratory quotient (RQ ≈ 1.0), compared with protein  (≈ 0.8) and fat (≈ 0.7), indicating that higher carbohydrate intake may increase CO₂ production and, consequently, respiratory workload [8], [9]. This issue is particularly  relevant in patients with impaired pulmonary function. 
	This study employed an analytical observational design with a cross-sectional approach  and was conducted in the Intensive Care Unit (ICU) of Dr. Saiful Anwar Hospital, East  Java Province, Indonesia, from July to September 2025. A total sampling technique  was employed, whereby all eligible critically ill patients admitted to the ICU over the  three-month study period who met the inclusion and exclusion criteria were included.  As in previous single-center observational studies involving mechanically ventilated  critically ill patients [15], eligibility was restricted to patients with specific clinical 

	Inclusion criteria comprised adult critically ill patients (≥18 years) receiving mechani-cal ventilation, diagnosed with acute respiratory failure (ARF) or pneumonia, receiving  enteral nutrition (non-protein calorie formula), and having at least three recorded PaCO₂ measurements during ICU stay. Patients with recent shock (within 24 hours), defined by hemodynamic instability or vasopressor use, or those with incomplete data  were excluded. 
	Nutritional data were entered and processed using Microsoft Excel, and the statistical  analyses were performed using IBM SPSS Statistics version 29.0. Carbohydrate and fat  intake were analyzed as absolute intake (g/day) and adequacy percentage. Energy re- quirements were estimated at 25 kcal/kg body weight/day according to the ESPEN  guideline for critically ill patients [17]. Target carbohydrate and fat requirements were  determined as 55% and 30% of the estimated total energy requirement, respectively,  based on standard macronutrient distribution recommendations [6]. Adequacy percent- age was calculated as (actual intake ÷ estimated requirement) × 100%. 
	characteristics and complete clinical data. The final sample consisted of 20 participants, representing the entire accessible study population during the study period. Ethical ap- proval was obtained from the Health Research Ethics Committee of Dr. Saiful Anwar  Hospital (Approval No. 400/171/K.3/120.7/2025). 
	Dietary intake data, including carbohydrate and fat intake, were obtained from two 24- hour enteral and parenteral feeding records documented in the hospital nutrition moni-toring forms, each representing the patients' intake during the 24 hours preceding arte-rial blood gas (ABG) assessment. The mean values of the two dietary records were used for analysis. Arterial PaCO₂ levels were obtained from the second and third ABG meas-urements, and the mean of these two measurements was used to represent each patient's PaCO₂ level. Likewise, the mean values of the two dietary records were used for anal-ysis. 
	Inclusion criteria comprised adult critically ill patients (≥18 years) receiving mechani-cal ventilation, diagnosed with acute respiratory failure (ARF) or pneumonia, receiving  enteral nutrition (non-protein calorie formula), and having at least three recorded PaCO₂ measurements during ICU stay. Patients with recent shock (within 24 hours), defined by hemodynamic instability or vasopressor use, or those with incomplete data  were excluded. 
	Descriptive statistics were used to summarize patient characteristics and nutrient intake distribution. The correlation between carbohydrate and fat intake and PaCO₂ levels was analyzed using the Pearson correlation test after confirming normal data distribution. In addition, differences in metabolic and nutritional variables across PaCO₂ categories were assessed using one-way ANOVA for normally distributed data and the Kruskal–Wallis test for non-normally distributed data, followed by Tukey HSD or appropriate  non-parametric post hoc tests when applicable. Statistical significance was set at p <  0.05. All statistical analysis was performed by SPSS (Statistical Package for Social  Sciences) version 29.0 (IBM Statistics, United States). 

	3.1 Characteristics of Study Subjects 
	Female 
	Characteristics 
	3 Results 
	Table 1. Characteristics of study subjects. 
	3.1 Characteristics of Study Subjects 
	n 

	3.2 Carbohydrate and Fat Intake 
	Carb 
	Intake 
	injury (10%) and pulmonary contusion (10%). The mean body mass index (BMI) was 24.45 ± 3.50 kg/m2, with 35% of patients classified as having normal nutritional status,  25% as overweight, 30% as obesity class I, and 10% as obesity class II. 
	Table 2. Carbohydrate and fat intake. 
	3.2 Carbohydrate and Fat Intake 
	Mean Requirement (g) 

	Table 4. Correlation of carbohydrate and fat intake with PaCO2 
	0.065 
	r 
	evaluate differences according to PaCO₂ categories, trend and group comparison anal-yses were performed for energy intake, macronutrient intake, and metabolic parame- ters. The results are summarized in Table 5.  
	Mean±SD 
	Table 4. Correlation of carbohydrate and fat intake with PaCO2 
	p 

	No significant differences were observed in energy intake, energy adequacy, carbohy- drate intake, carbohydrate adequacy, fat intake, or fat adequacy across the low, normal, and high PaCO₂ groups (all p > 0.05). Likewise, no significant differences were found in systolic blood pressure, diastolic blood pressure, haemoglobin, or PaO₂ among the three groups.  
	4.1 Characteristics of Study Subjects 
	P-trend derived from polynomial contrast. P-value for group difference derived from one-way ANOVA or Kruskal–Wallis. Different superscript letters indicate statistically significant differ- ences between groups based on Tukey's HSD post hoc test (p < 0.05); values sharing the same superscript letter are not significantly different. P-values < 0.05 were considered statistically sig- nificant.  
	4 Discussion 
	No significant differences were observed in energy intake, energy adequacy, carbohy- drate intake, carbohydrate adequacy, fat intake, or fat adequacy across the low, normal, and high PaCO₂ groups (all p > 0.05). Likewise, no significant differences were found in systolic blood pressure, diastolic blood pressure, haemoglobin, or PaO₂ among the three groups.  
	The present study included predominantly middle-aged and elderly patients, with most  participants diagnosed with ARF and pneumonia. This patient profile reflects the typi-cal ICU population requiring mechanical ventilation. Advanced age has been associated  with reduced respiratory reserve and impaired ventilatory compensation, which may  contribute to altered gas exchange and respiratory outcomes [18]. Likewise, the high  proportion of patients with ARF and pneumonia is consistent with the underlying path- ophysiology of respiratory failure requiring ventilatory support [19]. In addition, stroke  was the most common comorbidity, suggesting a substantial burden of neurological and  respiratory compromise that may further affect ventilatory control. Furthermore, the  variability in BMI observed in this study may affect respiratory mechanics and ventila- tory function, as obesity has been associated with increased work of breathing and im- paired gas exchange [20]. These clinical characteristics should be considered when in-terpreting PaCO₂ levels because they may influence respiratory function independently of nutritional intake. 

	4.3 PaCO2 Levels 
	4.4 Correlation of Carbohydrate, Fat, and PaCO2 
	weaning, whereas excessive carbohydrate intake may increase carbon dioxide produc-tion and ventilatory burden [9], [21]. Therefore, carbohydrate intake should be carefully  balanced to meet metabolic demands without imposing unnecessary respiratory burden.  Similarly, appropriate fat intake is essential to support metabolic demands during crit- ical illness. Although the mean fat adequacy observed in this study was within an ac- ceptable range, the relatively large variability suggests that some patients experienced  underfeeding whereas others may have received excessive fat intake. Reduced fat in- take during the acute phase may be tolerated because of endogenous energy reserves  [22], [23]; however, prolonged inadequacy or excessive energy provision may contrib- ute to adverse metabolic consequences. Therefore, careful nutritional monitoring re- mains essential to optimize nutritional support while avoiding complications associated  with overfeeding [24], [25]. 
	Physiologically, PaCO₂ reflects the balance between carbon dioxide production and al-veolar ventilation [26]. However, in critically ill patients, PaCO₂ is also influenced by multiple factors, including disease severity, respiratory mechanics, and ventilator set- tings. Furthermore, arterial blood gas measurements were obtained at variable intervals  according to individual clinical conditions rather than at standardized time points.  Therefore, the observed changes should not be attributed solely to enteral nutritional  intake but interpreted within the broader clinical context. 
	4.3 PaCO2 Levels 
	In the present study, neither carbohydrate nor fat intake, expressed as absolute intake  or adequacy percentage, was significantly correlated with arterial carbon dioxide partial pressure (PaCO₂). These findings are consistent with those reported by Al-Dorzi et al.,  who similarly found that macronutrient composition was not significantly associated with PaCO₂ in patients with hypercapnic respiratory failure [14]. 

	This interpretation is further supported by the comparison of patients across PaCO₂ categories. Consistent with the correlation analysis, no significant differences were ob- served in energy intake, carbohydrate intake, fat intake, or their respective adequacy percentages among the low, normal, and high PaCO₂ groups. Likewise, systolic blood  pressure, diastolic blood pressure, haemoglobin, and PaO₂ did not differ significantly across the three groups. These findings suggest that, under routine ICU nutritional man- agement, variations in energy and macronutrient intake within the observed range may have limited influence on PaCO₂ levels, whereas respiratory status and ventilatory man-agement are likely to play a more prominent role [26]. 
	This study has several limitations. The relatively small sample size and single-center  setting may have limited the statistical power to detect modest associations and reduced the generalizability of the findings. In addition, variations in disease severity, comor-bidities, and ventilator settings among patients may have influenced PaCO₂ levels. Sev-eral potential respiratory confounding factors, including dead space ventilation, seda- tive use, fluid status, and disease progression, were also not fully controlled. Therefore,  these findings should be interpreted with caution. 
	From a physiological perspective, PaCO₂ reflects the balance between carbon dioxide production and alveolar ventilation [28]. In mechanically ventilated critically ill pa- tients, ventilatory factors including tidal volume, minute ventilation, ventilation mode,  respiratory mechanics, and the severity of the underlying disease are likely to exert a greater influence on PaCO₂ than modest variations in macronutrient intake [29], [30]. Furthermore, individualized ventilator management and heterogeneity in patients' clin- ical conditions may have obscured any subtle metabolic effects of nutrient intake on PaCO₂. 
	4.5 Study Limitations 
	This interpretation is further supported by the comparison of patients across PaCO₂ categories. Consistent with the correlation analysis, no significant differences were ob- served in energy intake, carbohydrate intake, fat intake, or their respective adequacy percentages among the low, normal, and high PaCO₂ groups. Likewise, systolic blood  pressure, diastolic blood pressure, haemoglobin, and PaO₂ did not differ significantly across the three groups. These findings suggest that, under routine ICU nutritional man- agement, variations in energy and macronutrient intake within the observed range may have limited influence on PaCO₂ levels, whereas respiratory status and ventilatory man-agement are likely to play a more prominent role [26]. 
	4.6 Clinical Implications 

	5 Conclusion 
	2
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	prospective multicenter studies with larger sample sizes and more comprehensive con-trol of potential confounding factors are warranted to confirm these findings and further  clarify the relationship between macronutrient intake and respiratory outcomes. 
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