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Abstract 

Background: While the provision of adequate nutrition support in critically ill patients has been 

shown to have an impact on short-term clinical outcomes, relatively little is known about 

subsequent long-term outcomes. We aimed to examine the association between nutritional 

adequacy and long-term outcomes including survival and health-related quality of life (HRQoL) 

in critically ill patients requiring prolonged mechanical ventilation.  

Methods: The study was conducted as a retrospective cohort study on data collected 

prospectively in the context of a multicenter randomized controlled trial (RCT) in critically ill 

patients. Randomized patients who stayed in the intensive care unit (ICU) and were mechanically 

ventilated for >8 days were eligible for the study, but only six-month survivors were considered 

for the assessment of HRQoL. Nutritional adequacy was obtained from the average proportion of 

prescribed calories received during the first eight days of mechanical ventilation in the ICU. 

Survival status and HRQoL as assessed using Short-Form 36 Health Survey (SF-36) were 

obtained prospectively as part of the RCT protocol at three-months and six-months post ICU 

admission.  

Results: Of the 1223 patients enrolled in the randomized controlled trial, 475 met the inclusion 

criteria for this study. At six-month follow-up, 302 of the 475 patients were alive. Among 

critically ill patients with >8 days of mechanical ventilation in the ICU, survival time in those 

who received low nutritional adequacy was significantly shorter than for those who received high 

nutritional adequacy after adjusting for important covariates. Among six-month survivors, 

clinically meaningful and statistical significant associations between increase in scores of 

Physical Functioning (PF) and Role Physical domains (RP) of the SF-36 and 25% increase in 
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nutritional adequacy were observed at three-months follow-up. No significant associations were 

observed at six-months.  

Conclusions: Our findings suggest that nutritional adequacy received as early as the first week in 

the ICU seems beneficial to longer survival time and faster physical recovery post ICU discharge 

in critically ill patients requiring prolonged mechanical ventilation in the ICU. Well-designed 

randomized controlled trials are needed to provide stronger assessment of the causal impact of 

nutrition therapy on long-term outcomes.  
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Chapter 1 

General Introduction 

1.1 General Overview 

The aim of critical care medicine is to diagnose and treat patients with acute life 

threatening illness, and to restore their previous health condition and quality of life [1]. Advances 

in critical care service and modern technology have led to increased survival of critically ill 

patients [2]. Utilization of critical care has increased over the past two decades [3]. The expansion 

of critical care services comes at significant monetary cost, accounting for 20% of all inpatient 

costs [3]. Given that critical care has a significant impact on national health care both clinically 

and economically, knowledge of outcomes in patients admitted to intensive care units (ICU) and 

factors that may influence those outcomes are necessary to inform the most effective utilization of 

critical care. 

Nutrition support has shifted from adjunctive care toward an active therapeutic strategy 

with high-quality evidence to support the concept that nutrients and nutritional interventions 

modulate the underlying disease process and affect clinical outcomes [4]. Nutrition therapy is 

now considered an integral part of standard care in the ICU [5]. Although nutrition therapy has 

been perceived as essential for improved short-term outcomes including morbidity and mortality 

in critically ill patients [6], the optimal amount of nutritional intake and its relative importance in 

long-term outcomes such as post ICU survival and health-related quality of life remain unknown.  

As the number of ICU survivors increases, long-term outcomes in critically ill patients 

have become more and more important [7, 8]. Survival alone is not the only important outcome 

after ICU discharge [9].  The true value of critical care should be determined by both survival and 

health-related quality of life [10].  There is emerging evidence suggesting that nutritional intake 

may affect muscle mass and muscle function, which may predict physical recovery and mortality 
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in ICU patients [11–16] . Many critically ill patients have a poor nutritional status upon admission 

to ICU and their nutritional status often becomes further compromised during their ICU stay [17, 

18]. More than half of all ICU patients worldwide are significantly underfed [19], and are thus 

likely to experience loss of muscle mass and impaired muscle function.  As such, it is 

hypothesized that adequate nutritional intake may be associated with improved long-term survival 

and health-related quality of life (HRQoL) in critically ill patients.  

1.2 Objectives 

This thesis involves the secondary analysis of data from a large multi-centre randomized 

controlled trial in critically ill patients. The objectives of this thesis are as follows: 

1) To examine the association between nutritional adequacy and 6-month survival 

in patients with prolonged mechanical ventilation in the intensive care unit. 

2) To describe HRQoL at 3 and 6 months in 6-month survivors with prolonged 

mechanical ventilation in the intensive care unit. 

3) To examine the association between nutritional adequacy and physical 

components of HRQoL at 3 and 6 months in 6-month survivors with prolonged 

mechanical ventilation in the intensive care unit. 

1.3 Thesis Organization 

This thesis is organized according to the framework provided by the “General Form of 

Theses” as outlined by the School of Graduate Studies at Queen’s University [20]. The remainder 

of this thesis is organized into four sections. Chapter two presents a review of the literature on the 

epidemiology of malnutrition in critically ill patients, background and current state of knowledge 

on nutrition therapy and nutritional adequacy in the critical care setting, the importance and 

predictors of long-term survival and health-related quality of life in critically ill patients, as well 
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as the biological plausibility for the relationship between nutritional adequacy and long-term 

outcomes in the critically ill.  

The third chapter is the first manuscript, which presents the findings of the analyses 

examining the association between nutritional adequacy and six-month survival in critically ill 

patients requiring prolonged mechanical ventilation (Objective 1). To help facilitate interpretation 

and comparisons to previous research, in the main analysis of this manuscript, nutritional 

adequacy was treated as categorical based on the existing clinically meaningful cut-points. This 

manuscript has been prepared for submission to Critical Care. 

Chapter four is the second manuscript, which presents the findings of the analyses 

examining the associations between nutritional adequacy and physical components of health-

related quality of life in six-month survivors with prolonged mechanical ventilation in the 

intensive care unit (Objectives 2 and 3). Because the study was in survivors only and had a large 

amount of missing data and hence a much smaller sample size, nutritional adequacy was treated 

as continuous in the main analysis of Manuscript 2 to ensure adequate power. However, an 

exploratory analysis was performed by categorizing nutritional adequacy to examine the 

relationship of interest (additional results are presented in Appendix 5 and discussed in Chapter 

five). This manuscript has been prepared for submission to Critical Care Medicine.  

Chapter five provides a general discussion of the thesis, including a summary of the key 

findings, the strength and limitations of the research, as well as implications and future research 

directions in the topic area. Additional material may be found in appendices at the end.  
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Chapter 2 

Literature Review 

2.1 Malnutrition in Critically Ill Patients 

Malnutrition is a disorder of body composition in which deficiencies of macronutrients 

and micronutrients occur due to inadequate nutritional intake which results in reduced body cell 

mass, organ dysfunction, and abnormal blood chemistry [1]. Pre-existing malnutrition is common 

in hospitalized patients, with as many as 40% of adult patients malnourished at the time of 

hospital admission [2]. Iatrogenic malnutrition is a hospital-acquired malnutrition that is induced 

inadvertently by medical treatments or diagnostic procedures. Two thirds of all patients 

experience deterioration of nutritional status during their hospital stay [2]. A review of 20 studies 

worldwide since 1990 found that the average malnutrition rate in the hospital was 41.7% [3]. 

Critically ill patients, often treated in the intensive care unit (ICU) environment, are those who 

sustained or were at risk of acute, life-threatening, single or multiple organ failure due to disease 

or injury (i.e. respiratory failure, post-operative care and major trauma such as head injury, motor 

vehicle accident, burns) [4]. Nutritional status of critically ill patients often becomes significantly 

more compromised during their ICU stay, due to factors that may be intrinsic to the patient or 

iatrogenic [1]. Malnutrition is particularly prevalent in critically ill patients, with an overall 

incidence as high as 50% [5, 6]. Consequences related to malnutrition in critically ill patients 

include impaired immunological function, impaired ventilator drive, and weakened respiratory 

muscles, leading to prolonged ventilator dependence and increased infectious morbidity and 

mortality [7–9].   
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2.2 Nutrition Therapy in the Critical Care Setting  

The key objective of nutrition support is to supply the nutritional substrates necessary to 

meet the metabolic needs when oral feeding is not possible [6]. Better understanding of metabolic 

response to critical illness and effects of nutrients in maintaining homeostasis in the critically ill 

patient has led to advances with nutrition support [10]. Nutrition support used to be regarded as 

adjunctive care to preserve lean body mass, to maintain immune function, and to prevent 

metabolic complication [10]. Nutrition support has shifted to nutrition therapy and is now 

considered as a first-line therapy to prevent oxidative cellular injury, to enhance immune 

function, and to attenuate metabolic response to critical illness [10].  

Nutrition therapy is most often provided as nutritional supplementation in the form of 

enteral (i.e. feeding via tube into the gut) or parenteral (i.e. intravenous feeding) nutrition [11]. 

Clinical practice guidelines in the area of critical care nutrition have been published in Canada, 

Europe, and the US [10, 12, 13]. Key considerations in nutrition therapy include: route of feeding, 

when to feed, and what to feed [10, 12, 13].  Although high-quality evidence on nutrition therapy 

in the critically ill has been published, many controversies still exist. 

2.3 Nutritional Adequacy: Evidence and Limitations 

2.3.1 Caloric Intake in Critically Ill Patients  

Nutritional adequacy is often defined as energy provision divided by energy requirement 

as determined by indirect calorimetry or a formula that estimates energy requirement [14–16].  

Critical illness often further worsens a patient’s poor nutritional status by increasing their 

metabolic rate and by impairing their utilization of nutritional substrates [1, 17]. Adequate 

nutritional intake is essential in the prevention and treatment of malnutrition in critically ill 

patients. However, critically ill patients frequently receive inadequate nutritional support. 
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Consistently, studies have reported that, on average, critically ill patients only receive caloric 

intake between 40% and 50% of their prescribed requirements [18–22]. A more recent 

international multicenter study showed that more than half of all ICU patients worldwide are 

significantly underfed based on the proportion of prescribed energy received for the first 12 days 

of ICU stay [16]. Patients who require prolonged mechanical ventilation are at particular risk for 

underfeeding because they are susceptible to the wasting effects of illness [23].  

Some factors that may limit nutritional intake in critically ill patients, include 

gastrointestinal intolerance of enteral tube feedings, repeated interruptions in feedings for tests 

and procedures, and delayed initiation of nutritional support [15, 24]. Accurately assessing caloric 

requirements and closely monitoring the delivery of nutrition can help to prevent underfeeding or 

overfeeding patients [15].  

2.3.2 Estimation of Energy Requirement 

Although there are various methods available for estimating energy needs, there are no 

prospective, randomized studies to support the use of any single method. Energy requirements 

vary based on age, activity level, nutritional status, severity of illness, need for wound healing, 

and a variety of other factors [15]. The most common method for determining caloric needs of 

critically ill patients is the Harris-Benedict Equation (HBE) [15]. The HBE is based on regression 

equations that calculate resting energy expenditure for healthy persons based on their body 

weight, age, sex, and height [15]. Disease-specific equations or stress factors that account for 

activity and injury are then multiplied by the resting energy expenditure to account for the 

increased energy expenditure during acute illness and injury [15]. Although HBE is easy to use, 

inexpensive, and universally available, its accuracy is limited in particular patient groups, such as 

ventilator-dependent patients and patients who are either morbidly obese or severely 

malnourished [15, 25]. 
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 Another common method to estimate energy requirements is indirect calorimetry. The 

resting energy expenditure for this method is calculated by measuring pulmonary gas exchange. 

Although this method is more accurate, it is technically demanding, expensive, time consuming, 

and requires trained personnel to perform it [25].  

2.3.3 Optimal Amount of Energy Intake 

The optimal amount of energy intake in the critically ill remains controversial. Studies 

exploring the association between optimal caloric intake and clinical outcome have yielded 

conflicting results. Several studies have shown better clinical outcomes in patients receiving low 

caloric intake [26–32]. A prospective cohort study by Krishnan et al. (n=187) showed that 

patients receiving moderate caloric intake (33%-65% of total recommended caloric amount) had 

better clinical outcomes including reduced mechanical ventilation duration, ICU length of stay 

(LOS), and hospital mortality than those receiving higher caloric intake [26]. A cohort study 

nested with a randomized controlled trial (RCT) by Arabi et al. (n=523) suggested that receiving 

near target caloric intake (>64.6% of their goal calories) was associated with higher hospital 

mortality [27]. Dickerson et al. studied 40 critically ill, obese patients and found that receiving 

fewer calories (<20 kcal/kg) was associated with decreased ICU LOS [28].  A single-center RCT 

on 150 mechanically ventilated medical patients also suggested that patients receiving fewer 

calories had lower incidence of ventilator-associated pneumonia and shorter ICU LOS [29]. Two 

recent RCTs on patients with acute lung injury (n=200 and n=1,000) compared trophic feeding 

(25% of goal calories) vs. full enteral feeding (80% of goal calories) for the first six days of ICU 

stay. Both studies reported that there were differences favoring trophic feeding in ventilator-free 

days, infections, and 60-day mortality between trophic and full feed patients [30, 31]. Another 

RCT of general medical-surgical ventilated patients (n=240) compared permissive feeding (60-

70% of caloric requirement) vs. full feeding (90% to 100%). There were no differences found in 
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28-day and 90-day mortality between permissive and full feed patients. However, hospital 

mortality and ICU LOS were reduced in the permissive feeding group [32].  

  In contrast, other studies have shown underfeeding or caloric debt was associated with 

adverse clinical outcomes, including increased infection, metabolic complications, prolonged 

mechanical ventilation, and increased ICU and hospital mortality [24, 33–42]. A large scale 

multicenter observational study with 2,772 mechanically ventilated patients and another 

multicenter observational study with 207 patients showed that increased intake of energy was 

associated with lower 60-day mortality and reduced infection [33, 34]. A prospective 

observational study of 48 surgical patients with ≥5 days of ICU stay suggested that cumulative 

energy deficit or hypocaloric feeding was associated with longer ICU LOS, more days on 

mechanical ventilation, and increased complications [24]. The largest multicenter observational 

study to date by Heyland et al., including 7,872 mechanically ventilated patients suggested that 

providing at least 80% of prescribed calories was associated with improved clinical outcomes 

[35].  A prospective cohort study by Rubinson et al. (n=138) found that low caloric intake (<25% 

of prescribed calories) was associated with an increased risk of nosocomial bloodstream infection 

in critically ill patients [36]. Other observational studies consistently showed that underfeeding 

was associated with increased infection, prolonged mechanical ventilation, and higher ICU 

mortality [37–39]. A single-center RCT of 82 head-injured patients demonstrated that an 

enhanced nutrition group (59.2% of caloric goal) had better neurological outcome and fewer 

overall complications compared to the standard group (36.8% of caloric goal) [40]. A multicenter 

cluster-randomized clinical trial of algorithms for critical-care enteral and parenteral therapy 

(ACCEPT) (499 patients at 14 sites) reported that patients who received more calories per day 

(1,264 kcal vs. 998 kcal), had shorter hospital LOS, and a trend toward reduced mortality [41]. A 

single-center RCT (n=130) of a tight caloric control strategy showed that the group receiving 
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higher caloric intake (2,086 ± 460 kcal vs. 1,480 ± 468 kcal) had lower hospital mortality [42]. 

Review studies have documented substantial evidence showing that adequate nutritional support 

is crucial to improving wound healing, decreasing catabolic response to injury, improving 

gastrointestinal structure and function, reducing length of stay, lowering complication rates, and 

decreasing morbidity and mortality [43–45].  

 As demonstrated in studies cited above, there is no consensus on a standard definition of 

trophic feeding or permissive underfeeding. Although there is lack of agreement, trophic feeding 

or permissive underfeeding have been most widely defined as providing approximately 25% of 

estimated total caloric needs [30, 31, 36]. Full feeding or target feeding have been commonly 

defined as providing 80% to 100% of prescribed caloric needs [30-32, 35]. 

Although the optimal amount of nutritional intake continues to be controversial, there is 

general agreement that excessive hypercaloric feeding should be avoided. Studies have suggested 

that hypercaloric or overfeeding (>110% of prescribed calories) is associated with hyperglycemia, 

hypercapnia, and gastric feeding intolerance, which can lead to overall detrimental clinical 

outcomes [14, 15, 46–49]. 

2.3.4 Why Are There Discordant Results?  

2.3.4.1 Statistical Methodologies 

The inconsistency in the estimated association between amount of caloric intake and 

clinical outcomes reported in the studies is significantly influenced by the statistical methodology 

used. A recent large observational study by Heyland et al. shows that the discordant results in the 

association between the amount of energy intake and clinical outcomes is highly dependent on the 

statistical method used, particularly the method of accounting for duration of exposure to 

nutrition or length of stay in the ICU [35]. Since most feeding protocols recommend gradually 
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increasing nutrition intake over the first several days of ICU stay, meaning that often little or 

none is given on the first few days, the daily average amount of calories received would be lower 

for patients with shorter stays in the ICU. Therefore, the duration of exposure to nutrition as 

measured by length of stay in the ICU may be a confounder in evaluating the relationship 

between nutrition intake and clinical outcomes because short-term ICU patients who have a good 

outcome often receive little calories.  

Heyland et al. evaluated the relationship between the amount of calories intake and 

mortality using various sample restriction (i.e. only including patients with a minimum or the 

same lengths of stay) and/or statistical adjustment through regression models [35]. They 

demonstrated that the most robust approach to avoid this confounding problem is to only include 

patients with a minimum stay (i.e. at least 12 days) in the ICU, but this method requires excluding 

many patients and limits inference to those staying longer in the ICU. The study found that 

excluding patients whose ICU length of stay or duration of exposure to nutrition is less than 12 

days suggested that increased caloric intake was associated with lower 60-day mortality. Similar 

results were obtained using four-day restriction while adjusting for number of days in the ICU 

before progressing to permanent exclusive oral feeding. The study also showed analyses that do 

not exclude patients who have very short durations of exposure to nutrition, or that do not adjust 

for the number of days of exposure to nutrition suggest that increased caloric intake is associated 

with increased mortality. Therefore, it is especially important to consider the most appropriate 

statistical method to account for duration of exposure to nutrition and ICU length of stay in 

studying the relationship between nutrition intake and clinical outcomes.  

2.3.4.2 Target the ‘High Risk’ Patient Population 

Another factor that may lead to discordant results is that many studies fail to consider that 

not all critically ill patients are the same in terms of their nutrition risk [50, 51]. The patients at 



 

 

14 

high nutrition risk are more likely to benefit from nutrition therapy than others [52]. This 

assertion is based on the evidence from studies that showed a differential treatment effect of 

artificial nutrition in different subgroups of ICU patients. Alberda et al. found that the beneficial 

treatment effect of increased calories intake on 60-day mortality was observed only in critically ill 

patients whose body mass index (BMI) was under 25 or at least 35 with no effect on patients with 

a BMI >25 and <35 [33]. A study by Faisy et al. demonstrated that in a small group (n=38) of 

critically ill patients requiring prolonged mechanical ventilation (>7 days), an energy deficit of 

approximately 1200 kcal/day was independently associated with ICU mortality [38]. In summary, 

studies have shown that critically ill patients with low BMI, high BMI, or with prolonged stays in 

the ICU may benefit the most from nutrition therapy. Hence, future studies of critical care 

nutrition should consider patients at high nutrition risk, such as those who require prolonged 

mechanical ventilation or who have extreme BMI.  

2.3.5 Lack of Evidence of the Effect on Long-term Outcomes 

While many studies have documented the impacts of nutritional intervention on short-

term outcomes such as ICU-acquired infection and ICU and hospital mortality, relatively little is 

known about subsequent longer-term outcomes. Nutritional interventions might have an effect on 

longer-term outcomes [53]. An emerging body of evidence suggests muscle mass and muscle 

function predict mortality in ICU patients after prolonged critical illness [54, 55]. Previous 

studies also suggested that longer-term outcomes in ICU patients might be different from their 

short-term outcomes [56]. As the outcomes of nutritional interventions in the ICU are evaluated, 

there is need to move beyond focusing on short-term outcomes.  

Needham et al. proposed that by 2026, the proportion of the population ≥ 65 years old in 

North America would increase from 13% to 21% [57]. This demographic trend is expected to 

have a great impact on critical care medicine, increasing the incidence of mechanical ventilation 
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by 31% between 2000 and 2026. As critical care advances, the number of ICU survivors is 

growing and expected to further increase with the aging baby boomer population and improved 

short-term mortality [57, 58].  

Although critical care improves short-term outcomes for most patients admitted to an 

ICU, the high resources consumed and cost of critical care above that of general hospital care 

may be considered excessive if long-term outcome is poor [59]. Thus, as the number of ICU 

survivors increases, information on how ICU interventions impact the patients in the long run and 

more importantly, in the long-term health-related quality of life (HRQoL) is needed. 

Understanding long-term outcomes among ICU patients is essential for making decisions about 

the efficacy and efficiency of ICU interventions. This thesis examines long-term survival and 

HRQoL as the indicators of outcome in critically ill patients. 

2.4 Long-term Survival in the Critically Ill 

2.4.1 Optimal Length of Follow-up 

Historically, most studies have focused on survival to 28 days after admission, or to 

either ICU or hospital discharge as the primary end-point when studying ICU patients [56]. As 

critical care advances, more studies have shifted to examining 60-day mortality, 90-day mortality, 

and 6-month mortality. Many studies have challenged the use of short-term survival as a valid 

measure of intensive care outcome [56]. A study emphasized that only assessing short-term 

outcomes is not appropriate for ICU patients with sustained severe illness because mortality 

continues after hospital with most occurring within six months [53].  Moreover, based on survival 

curves from prior studies, a roundtable conference in 2002 recommended that all ICU 

interventional trials designed to test efficacy include survival follow-up to at least six months 

[60]. 
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2.4.2 Predictors of Long-term Survival in the Critically Ill 

Cumulative mortality over the six months after ICU admission ranges from 22% to 39%, 

with five studies providing important data regarding long-term mortality [32, 61–64]. Multiple 

risk factors that determine long-term survival post ICU discharge have been reported, including 

age, comorbidity (estimated using Charlson Comorbidity Index), severity of illness (determined 

with the acute physiology and chronic health evaluation (APACHE) II score), number of organ 

failures (determined with sequential organ failure assessment (SOFA) score), primary diagnosis 

group (i.e. cardiac surgery, sepsis, and trauma), and admission category (surgical or medical) [56, 

63, 65]. Among all the risk factors, age, comorbidity, and primary diagnosis group were most 

strongly associated with long-term survival [65]. 

2.4.3 Nutritional Adequacy and Long-term Survival 

Griffiths proposed that nutritional interventions have potential positive effect on longer-

term survival [53]. He suggested that early deaths in ICU depend on the ability of the patients to 

cope with the stress, thus are minimally affected by a nutritional intervention. However, longer-

term survival depends on the physical reserve and ability to repair, which is related to nutritional 

intake. Patients who survive the initial illness but have a poor nutritional state or physical reserve 

may die later from a relatively minor problem.  

The biological plausibility in the relationship between nutritional adequacy and long-term 

survival can be predicted based on the evidence that nutritional intake impacts muscle mass and 

muscle function which in turn predicts mortality. Loss of some muscle mass is due to catabolism, 

hypermetabolism, and disuse in the ICU [66]. More importantly, amino acids released from 

muscles are crucial for synthesis of acute phase proteins and other inflammatory mediators.  

Although the effect of loss of muscle mass on clinical outcomes is not well understood in the 
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critically ill population, it has been related to poor clinical outcomes including mortality in other 

clinical populations such as cancer, chronic renal failure, and liver disease [51]. Furthermore, 

there is emerging evidence suggesting that the loss of muscle mass may affect clinical outcomes 

differently depending on the length of ICU stay [66].  For ICU patients who are ‘short-stayers’ 

(24-48 hours length of ICU stay), loss of lean body mass may not significantly modify the 

outcome. However, for patients who are ‘long-stayers’ (more than 7-10 days), cumulative energy 

and protein balance may become quite severe and have been shown to effect morbidity and 

mortality [33].  

Despite the understanding that nutritional interventions have the potential to effect long-

term survival in the critically ill, there is little research investigating the long-term outcomes of 

nutritional intake in the ICU. A recently published prospective study of patients enrolled in a 

randomized controlled trial compared the effect of trophic feeds (for the first 6 days, received 

25% of goal calories) with full feeding (received about 80% of goal calories) on survival and 

quality of life at 6 and 12 months in 525 patients with acute lung injury [64]. The study found no 

difference in survival at 6 and 12 months follow-up after initial trophic or full enteral feeding. No 

specific insights were drawn from the finding due to limited research on investigating the effect 

of nutritional intake on long-term outcomes; hence, highlighting the importance of further 

investigation on this issue. However, it is important to note that the patients studied in this trial 

were at low nutrition risk. They were young for ICU patients (average 52 years), well nourished 

(average BMI 30), and had a relatively short stay in the ICU (average duration of mechanical 

ventilation of 5 day). Thus, it is not surprising that the trial found no difference in clinical 

outcomes between trophic and full feeding.  
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2.5 Health-related Quality of Life in Survivors of Critical Illness 

2.5.1 Definition of Health-related Quality of Life 

The World Health Organization (WHO) defines quality of life (QoL) as individuals’ 

perceptions of their position in life in the context of the culture and value systems in which they 

live and in relation to their goals, expectations, standards and concerns [67]. QoL is a 

multidimensional concept comprised of five major domains: 1) physical status and functional 

abilities, 2) psychological status and well-being, 3) social interactions, 4) economic and 

vocational status and factors, and 5) religious and spiritual status [68].  

HRQoL is determined primarily by the person’s health and can be influenced by clinical 

interventions. Environmental, economic, social, spiritual, and political variables often influence a 

person’s QoL, but these factors are not expected to be directly affected by most health care 

interventions [68]. However, despite the distinction between QoL and HRQoL, the two terms are 

often used interchangeably in the literature [69]. Conceptually, HRQoL includes the domains of 

physical, psychological, social, spiritual, and role functioning, as well as general well-being, 

which are seen as distinct areas that are influenced by a person’s experience, beliefs, 

expectations, and perceptions [68].  

2.5.2 Measuring Health-related Quality of Life 

HRQoL has been assessed by questionnaires that are regarded as measurement 

instruments. Instruments for measuring HRQoL can be divided into two groups: generic or 

disease specific [70]. Generic instruments measure all important aspects of HRQoL and are 

designed to be applicable to a range of populations and interventions irrespective of the type or 

number of illness [70]. This enables the comparison between clinical groups and the general 

population. Instruments specific to a particular disease are more specific and sensitive but they 
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make comparison between different patient groups difficult [70]. Well-established instruments for 

generic measures that are commonly used in critical care research include the Short-Form 36 

Health Survey (SF-36), Sickness Impact Profile (SIP), the EuroQol five-dimension (EQ-5D), and 

the Nottingham Health Profile (NHP) [71, 72]. SF-36 and SIP have been validated in critically ill 

patients [73–75]. 

As for the optimal follow-up period for HRQoL in critically ill patients, Heyland et al. 

justified that following patients for six months is adequate because most of the improvements in 

HRQoL will have occurred by then [76]. However, it is important to note that this recommended 

follow-up period is an average estimate based on a heterogeneous patient group. A longer follow-

up period may be needed for older populations because they do not have the same pattern of 

response to treatment and recovery as younger patients.  

2.5.2.1 SF-36 

The SF-36 is one of the most widely used generic questionnaires in critical care and may 

be appropriate for critical care patients [73, 74, 77]. The SF-36, a short-form HRQoL scoring 

system, is a questionnaire with 36 questions that comprise eight domains: 1) physical functioning, 

a ten-question scale that captures abilities to deal with the physical requirement of life; 2) role-

physical, a four-question scale that evaluates the extent to which physical capabilities limit 

activity; 3) bodily pain, a two-item scale that evaluates the perceived amount of pain experienced 

during the previous four weeks and the extent to which that pain interfered with normal work 

activities; 4) general health, a five-item scale that evaluates general health in terms of personal 

perception; 5) vitality, a four-item scale that evaluates feelings of energy and fatigue; 6) social 

functioning, a two-item scale that evaluates the extent and amount of time, if any, that physical 

health or emotional problems interfered with family, friends, and other social interactions during 
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the previous four weeks; 7) role-emotional, a three-item scale that evaluates the extent, if any, to 

which emotional factors interfere with work or other activities; 8) mental health is a five-item 

scale that evaluates feelings principally of anxiety and depression [78] (See Appendix A for SF-

36 Questionnaire).  

The domains of the SF-36 are summarized into two higher-order scales: physical and 

mental health summary score [79] (See Appendix B for SF-36 Scoring System). In the SF-36 

scoring system, the domains are assessed quantitatively, each on the basis of answers to two to 

ten multiple choice questions, and a score between 0 to 100 is calculated for each domain, with a 

higher score indicating a better state of health [74]. The score of the summary components of the 

SF-36 are weighted averages of the domains based on a factor analysis with orthogonal rotation 

[80]. A minimum change of five points in the eight domains and two points in the two summary 

scales are considered clinically important [79]. 

The SF-36 has been shown to have the required acceptability, reliability, and validity in 

the ICU population and it is one of the recommended outcome measurements [73, 74]. Heyland et 

al. assessed the validity of the SF-36 in a representative sample of the survivors of sepsis and 

demonstrated that the SF-36 has high internal consistency (Cronbach’s alpha: 0.65-0.94) and 

excellent test-retest stability (intraclass correlation coefficient: 0.75-0.97) [74].  

2.5.3 Changes in Health-related Quality of Life over Time 

A systematic review of 21 studies with 7,320 patients found that ICU survivors had 

significantly lower HRQoL prior to ICU admission than matched general population samples 

[72].  Existing research indicates that HRQoL in ICU survivors is worse post ICU discharge 

ranging from 1 month to 5 years compared to gender and age matched general population 
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samples [81–87]. Furthermore, studies suggest that HRQoL of ICU survivors is generally poorer 

following discharge than prior to their ICU admission [72].  

HRQoL in ICU survivors improves with time after discharge but this improvement is not 

uniform across domains. In an observational study of ICU survivors staying for more than 24 

hours in the ICU, Graf et al. used the SF-36 and found that physical and emotional role scores 

deteriorated one month after ICU discharge but returned to baseline nine months thereafter [85]. 

Herridge et al. evaluated survivors of acute respiratory distress syndrome (ARDS) and found that 

they have persistent functional limitations one year after discharge from the ICU [88]. Wehler et 

al. found that patients with multiple organ failure (MOF) had regained HRQoL at six months 

after ICU discharge, although persistent deterioration was especially noted in the physical health 

domains [89]. In summary, studies found clinically meaningful improvements in the SF-36 

domains except mental health and general health perceptions over one to twelve months of 

follow-up [72]. Impaired HRQoL in ICU survivors is most commonly found in the domains 

related to physical health and it generally improves, to some degree, within six to twelve months 

after discharge [72, 76, 90–92].  

2.5.4 Predictors of Health-related Quality of Life 

A variety of factors have been associated with worse HRQoL, including age, severity of 

illness, admission category, ICU length of stay, and functional comorbidity [72, 76, 93]. Age and 

severity of illness were found to be strong predictors of HRQoL. Studies found lower physical 

functioning or overall HRQoL in older versus younger ICU survivors [82, 85, 89, 94]. Studies 

also demonstrated a significant association between increased severity of illness (APACHE II) 

and lower physical functioning or general health perceptions [84, 89, 95]. The functional 

comorbidity index was found to be highly correlated with SF-36 scores [76, 96]. In addition, 
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lower scores related to physical HRQoL were specifically associated with critical illness 

polyneuropathy, the loss of muscle mass, and impaired pulmonary function [76, 91, 97].  

2.5.5 Nutritional Adequacy and Health-related Quality of Life 

There has been little work done to investigate the effect of nutrition therapy on HRQoL 

in survivors of critical illness. Despite the lack of documentation in the literature, the biological 

plausibility in the relationship between nutritional adequacy and HRQoL is hypothesized based 

on the evidence of nutrition’s impact on muscle mass and muscle function which in term 

facilitates better physical recovery. A conceptual framework of this study is shown in Figure 2.1. 
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Figure 2.1 Conceptual framework  

(Black thick arrows: the roles of nutritional intake and long-term outcomes in the relationship of 

interest; grey thick arrows: the biological plausibility in the relationship between nutritional 

intake and long-term outcomes; dotted line arrows: the role of the possible risk factors in our 

relationship of interest) 

 

 



 

 

24 

The metabolic response to critical illness is characterized by hypermetabolism, 

hyperglycemia, increased lipolysis, and net protein metabolism [98]. The metabolic response may 

be seen as an adaptation to severe stress or injury to ensure optimal supply of amino acids to 

organs to serve as substrate for gluconeogenesis and synthesis of various proteins [99]. One of the 

metabolic features in critically ill patients is the catabolic response to skeletal muscle [98]. 

Skeletal muscle protein is broken down and the amino acids are used for gluconeogenesis and 

protein synthesis [98]. These metabolic changes, along with bed rest and suboptimal nutrient 

intake, often result in depletion of lean body mass. Nutritional support has been shown to be one 

of the effective treatments to reduce or prevent the catabolic response in critical illness [98, 100].  

In recent years, a growing numbers of studies have confirmed the relationship between 

protein-energy nutrition and muscle mass, strength, function and physical performance [101–

108]. Castanda et al. reported the relation between protein intake and muscle mass and function 

[101]. Low protein intake resulted in significant loss of lean body mass, especially muscle mass, 

and muscle strength, whereas muscle mass and function were maintained at higher intake levels. 

More recently, an epidemiologic study found loss of lean muscle mass was about 40% less in 

participants who had higher protein intake than those who had lower protein intake [102]. 

Another study reported an increased risk of frailty in healthy elderly with low protein intake 

[103]. A study on supplementation of essential amino acids showed promising results with 

respect to muscle strength and physical performance [104]. It is important to note that the studies 

mentioned above are not on critical illness, however, they demonstrate that protein and amino 

acids play an important role in muscle protein metabolism, and presumably muscle mass and 

function. 

Energy demands in critically ill patients increase as a result of increased energy 

expenditure [105]. For the maintenance of muscle mass and function, the amount of energy intake 
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is also important. Skeletal muscles need energy for their own metabolism and maintenance in 

addition to the energy required for motor activity and contractions [106]. When total daily energy 

expenditure is not compromised by nutritional intake, catabolism of body energy store starts, and 

may further breakdown proteins [105]. A lack of energy may compromise energy metabolism of 

muscle fibers and lead to muscle weakness and fatigue [106].  

Research suggests loss of muscle mass may be a causal factor of impairment in physical 

function [107]. Muscle wasting and weakness often delays physical recovery in ICU patients 

[109]. In the critical care setting, muscle function is often indicated by muscle movement and 

muscle strength [109]. Research has shown that muscle strength and movement are essential for 

physical recovery after critical illness [108]. Thus, providing a composition of nutrient to 

maintain muscle function and enhance protein synthesis could help accelerate recovery. 

A study of the relationship between quality of life, nutritional status and physical function 

in hospitalized elderly patients indicated nutritional status may influence quality of life through 

the consequences of reduced physical function [110]. Other studies have indicated physical 

function as an important variable that may play a part in any link between malnutrition and 

quality of life [111, 112]. Overall, nutritional support is provided in an effort to minimize the 

wasting of muscle mass to support muscle function, and to facilitate physical recovery, which 

may directly impact physical components of HRQoL. 

2.6 Summary 

Malnutrition is common in hospitalized patients [2], especially in critically ill patients 

requiring mechanical ventilation [113, 114]. Malnutrition has been associated with prolonged 

mechanical ventilation, increased risk of infection, and higher mortality[8]. Adequate nutrition 
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support is essential in prevention and treatment of malnutrition in critically ill patients. However, 

the optimal amount of nutritional intake remains controversial. 

While many studies have documented the impacts of nutrition intake on short-term 

outcomes such as ICU-acquired infection, and ICU and hospital mortality [12], relatively little is 

known about subsequent long-term outcomes. Long-term outcomes in critically ill patients have 

grown in importance as the number of ICU survivors increases as a result of aging baby boomer 

population and improvements in intensive care medicine. Although critical care improves short-

term outcomes for many ICU patients, the high resource consumption and cost of critical care 

above that of general care may be considered excessive if the long-term outcome is poor [59]. 

The goal of intensive care medicine is quality patient survival, thus the true value of critical care 

should be determined by both survival and quality of life [59, 115].  

 Nutrition therapy may be related to long-term outcomes such as long-term survival and 

HRQoL, as the evidence has shown that energy intake may reduce the loss of muscle mass and 

improve muscle function which may predict physical recovery, morbidity and mortality in ICU 

patients [54, 55, 101, 106–110]. An investigation of the relationship between nutritional adequacy 

and long-term outcomes would be important for making decisions and policies about the most 

effective utilization of critical care nutrition. 
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Chapter 3  

Nutritional Adequacy and Long-term Survival in Critically Ill Patients 

Requiring Prolonged Mechanical Ventilation 

 

Abstract 

Introduction: While the provision of adequate nutrition support in critically ill patients has been 

shown to have an impact on short-term outcomes, such as intensive care unit (ICU) and hospital 

mortality, relatively little is known about subsequent long-term outcomes. The objective of this 

study was to examine the association between short-term nutritional adequacy received while in 

the ICU and six-months survival in critically ill patients with prolonged mechanical ventilation.  

Methods: The study was conducted as a retrospective cohort study on data collected 

prospectively in the context of a multicenter randomized controlled trial in critically ill patients. 

Randomized patients who stayed in ICU and were mechanically ventilated for more than eight 

days were included. Nutritional adequacy was obtained from the average proportion of prescribed 

calories received during the first eight days where the patients were mechanically ventilated in the 

ICU. Patients were categorized into three groups according to nutritional adequacy: low, <50%; 

moderate, ≥50 and <80%; and high, ≥80%. Patients were followed prospectively to determine the 

survival at six months. Kaplan-Meier survival curves and Cox proportional hazards regression 

modeling were used to analyze group differences in survival. 

Results: Of the 1223 patients enrolled in the randomized controlled trial, 475 met the inclusion 

criteria for this study. For critically ill patients with >8 days of ICU stay and mechanical 

ventilation, survival time in those who received low nutritional adequacy was significantly 

shorter than those who received high nutritional adequacy while adjusting for important 
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covariates (adjusted hazard ratio (HR) =1.67; 95% confidence interval (CI), 1.06-2.64; P = 0.03). 

When restricting the analysis to patients who were mechanically ventilated and in ICU for >12 

days, the association between nutritional adequacy and six-month survival remained statistically 

significant (adjusted HR = 1.91; 95% CI, 1.23-2.95; P = 0.004) comparing low nutritional 

adequacy group to high nutritional adequacy group). Consistent results were obtained when 

treating nutritional adequacy as a continuous predictor.  

Conclusions: Higher nutritional adequacy (receiving >80% prescribed energy) is associated with 

longer survival time in critically ill patients requiring prolonged mechanical ventilation. 
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Introduction 

Malnutrition is a common problem in hospitalized patients [1], especially in critically ill 

patients requiring mechanical ventilation [2, 3]. Nutritional status of critically ill patients is often 

further compromised during their intensive care unit (ICU) stay, due to factors that may be 

intrinsic to the patient or iatrogenic [4]. In mechanically ventilated patients, nutritional status 

often becomes deteriorated because of inability of these patients to express hunger and feed 

orally, or because of the complexity of intensive medical care [2]. Consequences related to 

malnutrition in critically ill patients include impaired immunological function, impaired ventilator 

drive, and weakened respiratory muscles, leading to prolonged ventilator dependence and 

increased infectious morbidity and mortality [5, 6]. Providing adequate artificial nutrition is 

essential to the prevention and treatment of malnutrition in critically ill patients. However, 

critically ill patients frequently receive inadequate nutritional support [7, 8].  

Despite clinical practice guidelines in the area of critical care nutrition published 

worldwide, the optimal amount of nutritional intake in critically ill remains controversial. Some 

studies have shown that underfeeding or caloric debt is associated with adverse clinical outcomes 

[8–16]. In contrast, other studies have suggested better clinical outcomes in patients receiving low 

caloric intake [17–22]. Inconsistent findings could be due to the use of different statistical 

methodology to account for duration of exposure to nutrition, and failure to consider which 

patients may benefit the most from artificial nutrition support [23–25]. The duration of exposure 

to nutrition may be a confounder in evaluating the relationship between nutrition intake and 

clinical outcomes because short-term ICU patients who have a good outcome often receive few 

calories while in ICU [23]. Thus, taking a robust approach to account for the duration of exposure 

to nutrition is important in studies of nutrition support in the critical care setting.  
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There is emerging evidence that not all critically ill patients are the same in terms of their 

nutrition risk or the benefit they receive from artificial nutrition. The patients at high nutrition risk 

are more likely to benefit from nutrition therapy than those at low risk [25]. It is recognized that 

nutrition risk depends on degrees of severity of disease as well as degrees of undernutrition. This 

concept was illustrated in studies that showed differential treatment effects of artificial nutrition 

in different subgroups of ICU patients. Alberda et al. found that the beneficial treatment effects of 

increased caloric intake on 60-day mortality were observed only in critically ill patients whose 

BMI was under 25 or at least 35 [9]. A study by Faisy el al. demonstrated that in a small group of 

critically ill patients requiring prolonged mechanical ventilation (>7 days), an energy deficit of 

approximately 1200 kcal/day was independently associated with ICU mortality [12]. Therefore, 

consideration of ICU patients at high nutrition risk, potentially those who require prolonged 

mechanical ventilation or have extreme BMI is needed in future studies of critical care nutrition.  

While many studies have documented the impacts of nutritional intake on short-term 

outcomes, such as ICU-acquired infection, and ICU and hospital mortality, relatively little is 

known about subsequent long-term outcomes. Furthermore, studies have suggested that muscle 

mass and muscle function predict mortality in ICU patients after prolonged critical illness [26, 

27]. Hence, it is hypothesized that nutrition support may effect long-term survival [28]. As 

critical care advances, the number of ICU survivors is growing and expected to further increase 

with the aging baby boomer population and improved short-term mortality [29, 30]. 

Understanding how ICU interventions may impact the patients in the long run is essential for 

making decisions and policies about the most effective utilization of critical care.   

The purpose of this study was to examine the relationship between nutritional adequacy 

and long-term (six-month) survival in critically ill patients requiring prolonged mechanical 

ventilation (>8 days). Our a priori hypothesis was that in critically ill patients at high nutrition 
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risk, particularly those who were mechanically ventilated for a long period of time, increasing 

nutritional adequacy is associated with better long-term survival.  

Materials and Methods 

Study design 

This is a retrospective cohort study on data collected prospectively in the context of a 

randomized controlled trial (RCT) of glutamine and antioxidants supplementation in critically ill 

patients. The trial was conducted between May 2007 and December 2011 in 40 ICU sites across 

Canada, the United States, and Europe. Details of the RCT are described elsewhere [31]. This 

study involved secondary analysis of data collected for the RCT as well as additional data 

collected on the characteristics of ICU sites. 

Study population 

Mechanically-ventilated adult patients 18 years of age and older admitted to ICU who 

had two or more organ failures related to their acute illness were eligible for the parent clinical 

trial (see Appendix C for a complete list of the eligibility criteria for the RCT).  In the current 

study, eligible patients were randomized critically ill patients who were mechanically ventilated 

and remained in ICU for >8 days, and were not overfed (received <110% of prescribed energy) 

(Figure 3.1). The duration of mechanical ventilation allowed selection of patients requiring 

prolonged mechanical ventilation [12, 32, 33] . 
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Figure 3.1 Patient flow diagram 
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Data collection and measurements 

The following data collected at ICU admission were extracted from the database of the 

RCT: age, sex, admission category (medical or surgical), primary admission diagnosis 

(cardiovascular, respiratory, gastrointestinal, sepsis, and other), body mass index (BMI), 

comorbidities, Acute Physiology and Chronic Health Evaluation (APACHE) II score to assess 

severity of illness [34], and Sequential Organ Failure Assessment (SOFA) score to determine 

organ dysfunction [35]. The Charlson Comorbidity Index was used to describe patient 

comorbidities [36]. A survey of ICU characteristics was conducted at each participating site 

retrospectively.  The ICU characteristics included: ICU type (open or closed), ICU size (number 

of beds), case mix, region, presence of a medical director, and presence of a dietitian.  

The daily total caloric intake from enteral nutrition (EN) and parenteral nutrition (PN) 

was collected from ICU admission for a maximum of 28 days, unless ICU discharge or death 

occurred sooner. The optimal amount of energy prescription was determined by indirect 

calorimetry or a formula that estimates energy requirements. Nutritional adequacy per day was 

calculated as the amount of calories received from enteral nutrition (EN) or parenteral nutrition 

(PN) divided by the amount prescribed, and expressed as a percentage. The average nutritional 

adequacy is then calculated as overall average percentage of prescribed calories received during 

the pre-specified duration of mechanical ventilation.  Clinically meaningful cut-points at 50% and 

80% were selected to categorize nutritional adequacy into three groups: low, <50%; moderate, 

≥50% and <80%; and high, ≥80% [23, 37, 38]. 

Study patients were followed for a maximum of six months from the date of ICU 

admission. At three and six months post ICU admission, patients or next of kin were contacted by 

telephone to record vital status as well as the last date that the patients were known to be alive or 

their date of death.  
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Statistical analysis 

Patients and selected ICU characteristics were described using means with standard 

deviations for continuous variables and counts with percentages for categorical variables. The 

characteristics were compared between the three nutritional adequacy groups using the Rao-Scott 

adjusted chi-squared method for categorical variables and the generalized estimating equation 

model for continuous variables to account for the ICU-level clustering.  

Survival analyses were used to examine the association between nutritional adequacy and 

time to death in >8 days stayers. Nutritional adequacy was averaged over the first 8 days of 

mechanical ventilation and ICU stay. The starting point for all survival analyses was date of ICU 

admission. Survival time was measured from ICU admission to date of death. Patients who did 

not die by six months were censored at six months. Patients who were lost to follow-up prior to 

six months were censored at the last time they were known to be alive. The Kaplan-Meier method 

was used to estimate the survival functions of three nutritional adequacy groups. A score test with 

robust sandwich estimate was used to test for a statistically significant difference between any of 

the three groups.  This test is similar to the log-rank test except it accounts for potential between 

ICU heterogeneity. To adjust for confounders, the Cox proportional hazard (PH) regression 

model was used to estimate the hazard ratio (HR) and 95% confidence intervals (CIs). A marginal 

Cox model with robust standard error approach was taken to account for ICU-level clustering 

[39]. The proportional hazard assumptions were evaluated using the observed score process 

component, and the functional form was assessed using the observed cumulative martingale 

residuals [40]. Age, Charlson Comorbidity Index, APACHE II score, baseline SOFA, primary 

admission diagnosis group, and admission category were adjusted for in the model based on 

evidence from previous research [41–43]. In addition to these pre-specified covariates, the final 

model included site and patient characteristics from Table 3.1 and 3.2 that were selected by 
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backward selection based on a significance of 0.1. Subgroup analyses by admission category 

(medical vs. surgical) were performed to explore the interactions between admission category and 

nutritional adequacy. The significance of the interaction term was tested in the final model.  

Because of different definitions of prolonged mechanical ventilation in the literature [12, 

44–46], a sensitivity analysis was conducted in >12 days stayers to explore the effect of feeding 

experience in even longer stayers. In this restricted sample, nutritional adequacy was averaged 

over the first 12 days of mechanical ventilation and ICU stay. To further validate our 

observations, we performed a sensitivity analysis by repeating the Cox PH model described 

previously except we treated nutritional adequacy as a continuous variable. Linearity assumptions 

were checked for the Cox PH model. All statistical analyses were performed using SAS version 

9.3 (SAS Institute Inc., Cary, NC, USA). Unless otherwise specified, statistical significance was 

set at P = 0.05 (two-sided) for all tests. 

Research ethics approval was obtained from the Health Sciences Research Ethics Board 

at Queen’s University in Kingston, Ontario, Canada. The need for informed patient consent was 

waived given the observational nature and deidentified data capture of this study.   

Results 

Of the 1223 patients enrolled in the randomized clinical trial, 475 patients who were 

mechanically ventilated and remained in ICU for >8 days were included in the main analysis. 315 

patients who were mechanically ventilated and remained in ICU for >12 days were included in 

the sensitivity analysis (Figure 3.1).  Patients included were from 35 ICU sites across Canada, 

Europe, and the US. Table 3.1 shows characteristics of participating ICU sites. 
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Table 3.1 Characteristics of participating ICU sites 

Site characteristics All sites (n=35) 

Region  

     Canada 22 (62.9%) 

     Europe     5 (14.3%) 

     USA   8 (22.9%) 

Size of ICU (beds) 27.0 (8.0, 62.0) 

ICU type  

     Closed 25 (71.4%) 

     Open 5 (14.3%) 

     Open/Closed 4 (11.4%) 

     Other 1 (2.9%) 

Case type  

     Medical 31 (88.6%) 

     Surgical 34 (97.1%) 

     Trauma 22 (62.9%) 

     Pediatrics 1 (2.9%) 

     Neurological 22 (62.9%) 

     Cardiac surgery 11 (31.4%) 

     Burns 9 (25.7%) 

     Others 6 (17.1%) 

Presence of medical director  

     Yes 35 (100%) 

Presence of dietitian  

     Yes 32 (91.4%) 

     No 3 (8.6%) 

Data are reported as number (%) or median (range).  

Patient characteristics 

Table 3.2 describes the baseline characteristics of patients included in the main analysis.  

The patient cohort had a mean age of 62 years, 39.5% were female, 78.3% were admitted for 

medical indications, and had a mean BMI of 30 and an average APACHE II score of 26.9. Patient 

characteristics were compared between the three nutritional adequacy groups as shown in Table 
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3.2. The baseline characteristic did not differ significantly between the three nutritional adequacy 

groups except for sex, admission category, and primary ICU diagnosis. 

Table 3.2 Patient baseline characteristics 

  Nutritional Adequacya   

Variable Overall 

Low  

(0=<50%) 

Moderate  

(50=<80%) 

High 

 (>=80%) pb 

Number of patients 475 182 231 62  

Age, yrs 62.3 ± 14.5 61.5 ± 14.6 62.2 ± 14.6 65.2 ± 13.8 0.53 

Female 187 (39.5%) 55 (30.2%) 102 (44.1%) 30 (48.4%) 0.001 

APACHE II score 26.9 ± 7.1 27.2 ± 7.4 26.8 ± 7.0  26.6 ± 7.1 0.94 

Charlson Comorbidity Index 1.5 ± 1.7 1.4 ± 1.8 1.6 ± 1.7 1.7 ± 1.9 0.44 

Baseline SOFA 8.6 ± 2.8 8.6 ± 3.1 8.5 ± 2.8 8.5 ± 2.4 0.91 

Admission Category     <0.0001 

    Medical 372 (78.3%) 116 (63.7%) 203 (87.9%) 53 (85.5%)  

    Surgical 103 (21.7%) 66 (36.2%) 28 (12.2%) 9 (13.6%)  

Primary ICU Diagnosis     <0.0001 

    Cardiovascular 78 (16.4%) 44 (24.2%) 24 (10.4%) 10 (15.2%)  

    Respiratory 154 (32.4%) 35 (19.2%) 90 (39.0%) 29 (46.8%)  

    Gastrointestinal 44 (9.3%) 25 (13.7%) 12 (5.2%) 7 (10.6%)  

    Sepsis 149 (30.9%) 58 (31.9%) 75 (32.5%) 16 (24.2%)  

    Other 52 (10.9%) 20 (11.0%) 30 (13.0%) 2 (3.0%)  

Treatment Arm     0.07 

    Antioxidants 114 (24.0%) 32 (17.6%) 65 (28.1%) 19 (27.4%)  

    Glutamine 124 (25.9%) 46 (25.3%) 66 (28.6%) 12 (19.4%)  

    Glutamine + Antioxidants 120 (25.3%) 55 (30.2%) 52 (22.5%) 13 (21.0%)  

    Placebo 117 (24.6%) 49 (26.9%) 48 (20.8%) 20 (32.3%)  

Body Mass Index, kg/m2     0.31 

Overall mean 30.0 ± 8.7 29.7 ± 7.9 30.4 ± 9.1 29.3 ± 9.4  

    Underweight (<18.5) 9 (1.9%) 3 (1.6%) 4 (1.7%) 2 (3.2%)  

    Normal weight (18.5-24) 139 (29.3%) 48 (26.4%) 73 (31.6%) 18 (29.0%)  

    Overweight (25-29) 145 (30.5%) 64 (35.2%) 58 (25.1%) 23 (37.1%)  

    Obese I (30-34) 82 (17.3%) 34 (18.7%) 38 (16.5%) 10 (16.1%)  

    Obese II (35-40) 42 (8.8%) 15 (8.2%) 23 (9.6%) 4 (6.5%)  

    Obese III (>41) 58 (12.2%) 18 (9.9%) 35 (15.2%) 5 (8.1%)  

Region         0.09 

     Canada 404 (85.1%) 144 (79.1%) 203 (87.9%) 57 (91.9%)  

     Europe 15 (3.2%) 5 (2.7%) 8 (3.5%) 2 (3.0%)  

     USA 56 (11.8%) 33 (18.1%) 20 (8.7%) 3 (4.5%)  

Data are reported as number (%) or mean ± SD.  
a
Proportion of caloric prescription received by enteral nutrition and parenteral nutrition over first 8 days of 

mechanical ventilation and intensive care unit stay;  
b
to account for intensive care unit level clustering,

 
p-values were calculated by Rao-Scott adjusted chi-

squared method for categorical variables and the linear generalized estimating equations for continuous 

variables.  
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Table 3.3 shows the short-term clinical outcomes of the patients according to nutritional 

adequacy groups. The average length of stay and duration of mechanical ventilation were 26.3 

and 21.8 days, respectively.  Just over a quarter of the patients died in the ICU. Based on the 

crude comparisons, short-term clinical outcomes did not differ significantly between the three 

nutritional adequacy groups (Table 3.3). 

Table 3.3 Short-term clinical outcomes according to nutritional adequacy groups 

  Nutritional Adequacy
a 

 

Variable Overall 

Low  

(0=<50%) 

Moderate  

(50=<80%) 

High 

 (>=80%) p
b 

Number of patients 475 182 231 62  

ICU length of stay 26.3 ± 32.6 28.0 ± 38.7 26.2 ± 30.9 22.2 ± 13.9 0.22 

Mechanical ventilation duration 21.8 ± 29.5 22.1 ± 32.7 22.2 ± 30.2 19.7 ± 13.5 0.56 

ICU mortality
c 

123 (25.7%) 47 (25.8%) 62 (26.8%) 14 (21.2%) 0.63 

Data are reported as number (%) or mean ± SD.  
a
Proportion of caloric prescription received by enteral nutrition and parenteral nutrition over first 8 days of 

mechanical ventilation and intensive care unit stay;  
b
to account for intensive care unit level clustering,

 
p-values were calculated by Rao-Scott adjusted chi-

squared method for categorical variables and the linear generalized estimating equations for continuous 

variables; 
c
ICU mortality is calculated based on the raw number of deaths prior to ICU discharge.    

 

 

6-month survival in >8 days stayers 

For critically ill patients with >8 days of ICU stay and mechanical ventilation, the 

probability of survival to six months in the low, moderate, and high nutritional adequacy groups 

were 59.1%, 60.5%, and 63.3%, respectively. There were 78 (16.4%) patients censored due to 

loss to follow-up before three months and 22 (4.6%) additional patients censored due to lost to 

follow-up prior to six months. The crude Kaplan-Meier survival curves for each nutritional 

adequacy group are shown in Figure 3.2, with no significant difference in six-month survival 

observed between the three groups (P = 0.86).   



 

 

55 

 

Figure 3.2 Crude Kaplan-Meier survival curves stratified by nutritional adequacy groups  

 

Results of the Cox PH regression model are presented in Table 3.4. In the unadjusted 

analysis, high nutritional adequacy was not associated with six-month survival (crude HR = 1.13, 

95% CI: 0.73-1.75, P = 0.59). When adjusted for baseline characteristics in a multivariate Cox 

PH model, the low nutritional adequacy group was found to have a shorter survival time (adjusted 

HR = 1.67, 95% CI: 1.06-2.64, P = 0.03) compared to the high nutritional adequacy group 

(≥80%). No significant difference in survival time was found between moderate and high 

nutritional adequacy groups (adjusted HR = 1.30, 95% CI: 0.74, 2.26, P = 0.36). Although not 

statistically significant, the hazard ratio consistently trended toward benefit from high over 

moderate nutritional adequacy. Figure 3.3 shows the adjusted survival curves stratified by 

nutritional adequacy group, with significant differences in survival time observed between the 

three groups (P = 0.04). 

p = 0.8550 
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Table 3.4 Hazard ratio estimates of the effect of nutritional adequacy on 6-months survival 

Model Low vs. High Moderate vs. High Continuous per 25% decrease 

 HR (95% CI) p HR (95% CI) p HR (95% CI) p 

Main analysis: >8 days stayers (n=475, deaths=173) 

Crude  1.13 (0.73, 1.75) 0.59 1.08 (0.66, 1.77) 0.75 0.98 (0.84, 1.15) 0.85 

Adjusted
a,b

  1.67 (1.06, 2.64) 0.03 1.30 (0.74, 2.26) 0.36 1.14 (0.99, 1.33) 0.08 

Sensitivity analysis: >12 days stayers (n=315, deaths=120) 

Crude  1.23 (0.85, 1.77) 0.28 1.07 (0.72, 1.58) 0.74 1.02 (0.83, 1.24) 0.88 

Adjusted
a,b

  1.91 (1.23, 2.95) 0.004 1.49 (0.87, 2.52) 0.14 1.21 (1.01, 1.46) 0.04 

Subgroup analysis in >8 day stayers
 

Medical (n=372, deaths=147) 

Crude 1.53 (0.92, 2.52) 0.10 1.26 (0.68, 2.33) 0.46 1.11 (0.93, 1.31) 0.25 

Adjusted
a,c

 2.09(1.26, 3.45) 0.004 1.53 (0.75, 3.13) 0.24 1.24 (1.07, 1.44) 0.004 

Surgical (n=103, deaths=26) 

Crude 0.48 (0.16, 1.45) 0.19 0.32 (0.10, 1.05) 0.06 0.80 (0.46, 1.40) 0.80 

Adjusted
a,c

 1.32 (0.35, 5.08) 0.68 0.69 (0.23, 2.05) 0.50 1.08 (0.59, 2.01) 0.80 

a
Adjusted for age, APACHE II score, baseline SOFA, Charlson Comorbidity Index, admission category, 

primary ICU diagnosis, body mass index, and region; 
b
The overall model used 19 degrees of freedom; 

c
The medical and surgical subgroup models used 17 and 15 degrees of freedom respectively due to the 

absence of admission type and differences in the number of admission categories.  

 

 



 

 

57 

 

Figure 3.3 Adjusted Kaplan-Meier survival curves stratified by nutritional adequacy 

groups  

 

6-month survival in >12 days stayers 

A subset analysis of patients who were mechanically ventilated and stayed in ICU for 

>12 days consistently revealed that low nutritional adequacy was associated with shorter survival 

time (adjusted HR = 1.91, 95% CI: 1.23-2.95, P = 0.004) compared to high nutritional adequacy 

(Table 3.4). Although no significant difference in survival time was found between moderate and 

high nutritional adequacy, the hazard ratio consistently trended toward benefit from high over 

moderate nutritional adequacy (adjusted HR = 1.49, 95% CI: 0.87-2.52, P = 0.14).  

Subgroup analysis by admission category 

Subgroup analysis by admission category in >8 days stayers showed an association 

between nutritional adequacy and longer survival time only in medical patients with the same 

consistent trend in favor of high nutritional adequacy (Table 3.4). The interaction between 
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admission category and nutritional adequacy was tested and found not to be statistically 

significant (P = 0.18).  

Nutritional adequacy as a continuous predictor 

Consistent results were obtained when repeating the analyses by treating nutritional 

adequacy as a continuous predictor (Table 3.4). After controlling for baseline characteristics, per 

25% decrease in nutritional adequacy had an association of borderline significance with shorter 

survival time (HR = 1.14, 95% CI = 0.99-1.33, P = 0.08) in >8 days stayers. A stronger and more 

significant association was observed in >12 days stayers (HR = 1.21, 95% CI = 1.01-1.46, P = 

0.04). The proportional hazard assumption and the linearity assumption were not violated in the 

Cox PH models mentioned above. 

Discussion 

We hypothesized that critically ill patients at high nutrition risk, particularly those who 

were mechanically ventilated for a long period of time in the ICU, would benefit from aggressive 

provision of energy intake. We conducted a cohort study of nutrition therapy to evaluate the 

impact of nutritional adequacy (percentage of prescribed energy patients received) on six-month 

survival in 475 critically ill patients with prolonged mechanical ventilation in the ICU. The main 

finding of our study was that after adjusting for important known confounding variables, higher 

nutritional adequacy was significantly associated with six-month survival in critically ill patients 

requiring prolonged mechanical ventilation. More specifically, receiving more than 80% of 

prescribed energy seemed to be beneficial. 

Although there is a general agreement about the importance of nutrition therapy in 

critically ill patients, controversy continues to exist over what the optimal amount of energy 

provision is, as different studies have yielded different results. In addition, there is very little 

research investigating the long-term effect of nutritional intake in the ICU. Two studies have 
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recently examined the long-term effect of underfeeding compared to target feeding. In a single 

center randomized controlled trial (RCT) of 240 patients, Arabi et al. compared permissive 

underfeeding (60-70% of energy target) with target feeding (90-100% of energy target) [37]. The 

actual energy intake for the two intervention groups was 59% versus 71%. Although not 

statistically significant, the investigators observed a lower mortality at 180 days (32.8%) in the 

permissive underfeeding group compared with the mortality (44.4%) in the target feeding group 

(P = 0.07). In a recently published follow-up evaluation of a large randomized controlled trial 

(EDEN trial) [47], Needham et al. compared the long-term effects of trophic feeding (for the first 

six days, 25% of energy target) versus full energy feeding (80% of energy target) in 525 patients 

with acute lung injury. The investigators reported no difference between trophic vs. full feeding 

in six month and twelve month survival (estimated 12 month survival for trophic vs. full feeding: 

65% vs. 63%; P = 0.63).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

Our study has yielded different results from these two studies. However, it is important to 

note that our study is different from the two studies in terms of comparison groups and patient 

population. A major limitation of the study by Arabi et al. was that the difference in energy 

delivery between the study interventions was only about 10%. The target feeding group did not 

achieve the 90-100% caloric goal as the study intended. Thus, its implication on appropriate 

nutrition provision is less meaningful as most discrepancies in the optimal amount of caloric 

intake have been whether achieving full feeding (about 70-100% of caloric goal) is beneficial 

compared to trophic feeding. In the EDEN trial, it is important to note that all EDEN patients 

received the benefits of early enteral nutrition and the trophic feeding group eventually received 

full feeding after the six-day period. It is possible that the overall duration of differences in 

feeding strategies was not long enough to contribute to differences in long-term outcomes.   
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It is also important to recognize that the patients in the EDEN and Arabi trials are 

different from our patient population. The EDEN patients were younger (average 52 years), had a 

much shorter duration of mechanical ventilation (average 5 days), and had a smaller proportion of 

medical patients (62%). Similarly, patients in the Arabi trial were also younger (51 years) and had 

a shorter average duration of mechanical ventilation (12 days). Our patient population is 

relatively older (mean 62 years) and had much longer average duration of mechanical ventilation 

(21 days). Thus, a key difference between our study and the other two studies is that our study 

targeted more severely ill patients or ‘high-risk’ patients. An emerging body of evidence suggests 

that not all critically ill patients are the same in terms of their nutrition risk [25, 48]. The patients 

at high nutrition risk are more likely to benefit from nutrition therapy than others. It has been 

well-recognized that severity of illness can further impair patients’ nutritional status, and these 

patients need more nutritional intake due to their increased stress-metabolism [25]. Thus, our 

study only focused on the ‘high-risk’ patients, who are those who were very sick and required 

prolonged mechanical ventilation.   

Our findings are consistent with studies that looked at the effects of caloric intake in 

‘high-risk’ critically ill patients.  The studies reported a relationship between lower caloric intake 

and worse clinical outcomes in patients who had prolonged ICU stay or mechanical ventilation 

[12, 33]. Faisy et al. demonstrated that in a small group (n=38) of critically ill patients requiring 

prolonged mechanical ventilation (>7 days), an energy deficit of approximately 1200 kcal/day is 

independently associated with ICU mortality [12]. A retrospective study in 295 patients who 

stayed in ICU for at least seven days, Tsai et al. found that patients receiving low caloric intake 

(<60%) were at greater risk of ICU mortality than the patients receiving higher caloric intake 

(≥60%) [33]. However, these studies only examined short-term clinical outcomes. 
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Another finding of our study is that the effect of increasing energy intake on six-month 

survival seemed to be largest in medical patients with little evidence of an effect in surgical 

patients.  Although the interaction between admission category and nutritional adequacy did not 

reach statistical significance, possibly because of inadequate power, the observed difference in 

medical and surgical patients is consistent with the findings of previous studies [10, 12, 49]. 

Compared to surgical patients, medical patients have more underlying comorbidities, suffer from 

more decompensation of chronic underlying disease, and poor short-term survival [50–52]. One 

study has confirmed that the difference in survival extends beyond ICU discharge [51]. This 

finding may again explain the different results we have seen in heterogeneous patient population 

with different nutrition risk. Medical patients are more severely ill or at higher nutrition risk, thus 

more likely to benefit from artificial nutrition than surgical patients.  

The major strength of this study is the assessment of longer-term outcomes in critically ill 

patients as compared to previous studies examining the effect of nutrition therapy. The study is 

novel in that it is the first observational study that evaluated the long-term impacts of nutrition 

therapy and focused on the ‘high risk’ patients. Another strength of our study is that we used the 

most robust sample restriction approach by only including patients with a minimum duration of 

mechanical ventilation in the ICU, which has been shown to be appropriate to account for the 

confounding effect of duration of exposure to nutrition in estimating the association between 

nutritional adequacy and clinical outcomes. In addition, nutritional data were extracted from an 

original RCT conducted in multiple intensive care units across different countries thus enhancing 

the generalizability of the findings. 

There are several limitations to this study. First, although the study provides evidence for 

temporality, the causal association between nutritional adequacy and long-term survival cannot be 

definitively established due to the observational nature of the study and possible remaining 
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unknown confounding. However, we did use sample restriction and statistical adjustment 

techniques to account for variability in duration of exposure to nutrition and key patient 

demographics that relate to exposure and outcome. Second, many exclusion criteria of the RCT 

were applied to only include patients who are likely to benefit from the therapeutic intervention 

for the purpose of the clinical trials. Thus, the generalizability of the study findings is restricted.  

However, the study targeted the most severely ill ICU patients, which have been projected as the 

patient population that will benefit the most from artificial nutrition. Third, the method used for 

caloric prescription for individual patients is not standardized across ICU sites because there is 

lack of evidence to determine the best method for estimating energy requirements [53]. In the 

RCT study, the method to estimate energy requirement and hence the prescribed calories, was left 

to clinical judgment of the unit dietitian. Fourth, there were many patients who were lost to 

follow-up, with 78 (16.4%) prior to three months and an additional 22 (4.6%) by six months.  It is 

possible that the patients become too sick to follow-up or they may be fully recovered and may 

no longer feel the need to follow-up. Thus, the reason for lost to follow-up could potentially be 

informative; the survival time for these patients could be underestimated or overestimated. 

However, the likelihood of being lost to follow-up would have to be related to both exposure and 

outcome status to have biased the estimate of effect. Fifth, health-related quality of life (HRQoL) 

was not considered as one of our study outcomes. There is emerging evidence suggesting that 

adequate energy intake impact muscle mass and muscle function which in turn predict physical 

outcomes [48–51]. As the number of ICU survivors increases, it has been recognized that survival 

alone is not the only important outcome after ICU discharge [58]. HRQoL is especially important 

to consider in the critical care setting, as the resultant health state may be valued as worse than 

death [59]. Better understanding of how nutritional adequacy affects both long-term survival as 

well as HRQoL is essential to the most effective utilization of critical care.  
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Our findings have important implications for the planning of nutrition practices as well as 

future research. From a nutrition practice perspective, more nutritional intake may be associated 

with better long-term outcome, particularly in the most severely ill medical patients. In the future 

development of nutrition practices, special attention should be given to the most severely ill 

patients such as those who require prolonged mechanical ventilation. Clinical trials of nutrition 

support should evaluate longer-term outcomes. Furthermore, future research in critical care 

nutrition should recognize that not all patients are the same in terms of the benefit they receive 

from nutrition therapy.  This issue should be taken into consideration in the design of future 

studies by either including only patients at risk or stratifying by their nutrition risk.  

Conclusion 

 Our study has suggested an important relationship between higher energy intake (>80% 

of prescribed energy) and longer survival time in critically ill patients with prolonged mechanical 

ventilation. Receiving adequate energy as early as the first week of ICU stay seems beneficial to 

long-term survival of these patients. We also observed a stronger association in medical patients 

as opposed to surgical patients. Evidence from well-designed randomized controlled trials is 

required to provide stronger assessment of the causal impact of nutrition therapy on long-term 

outcomes.   
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Chapter 4 

Nutritional Adequacy and Health-related Quality of Life in Critically Ill 

Patients Requiring Prolonged Mechanical Ventilation 

 

Abstract  

Introduction: The objective of this study was to examine the association between nutritional 

adequacy and health-related quality of life (HRQoL) in six-month survivors requiring prolonged 

mechanical ventilation in the intensive care unit (ICU).  

Methods: The study was conducted as a retrospective cohort study on data collected 

prospectively in the context of a multicenter randomized controlled trial in critically ill patients. 

Patients survived to six-months follow-up and were mechanically ventilated for more than eight 

days in the intensive care unit were included. Nutritional adequacy was obtained from the average 

proportion of prescribed calories received during the first eight days of mechanical ventilation in 

the ICU. HRQoL was prospectively assessed using Short-Form 36 Health Survey (SF-36) 

questionnaire at three-months and six-months post ICU admission.  

Results: At six-months follow-up, 302 of the 475 patients who were mechanically ventilated and 

remained in the ICU for > 8 days, were alive and therefore eligible for inclusion. Among these 

survivors, the increases in scores for Physical Functioning (PF), Role Physical (RP), and Physical 

Component Scale (PCS) of the SF-36 from three-months to six-months were statistically 

significant. At three-months follow-up, a 25% increase in nutritional adequacy was associated 

with improvements in PF, RP, and PCS of 7.29 (P = 0.02), 8.30 (P = 0.004), and 1.82 (P = 0.07) 

points respectively. At six-months follow-up, a 25% increase in nutritional adequacy was 

associated with improvements in PF, RP, and PCS of 4.16 (P = 0.14), 3.15 (P = 0.25), and 1.33 
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(P = 0.19) points respectively. A stronger association with nutritional adequacy was found at 

three-months compared with results obtained at six-months. Consistent results were obtained after 

performing multiple imputation on missing values. 

Conclusions: Nutritional adequacy is associated with HRQoL in six-month survivors requiring 

prolonged mechanical ventilation in the ICU. Increasing nutritional intake can help facilitate 

faster physical recovery.   
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Introduction 

 Malnutrition is a common problem in hospitalized patients [1], especially in critically ill 

patients requiring mechanical ventilation [2, 3]. A patient’s nutritional status often further 

worsens during prolonged ICU stay, due to factors that may be intrinsic to the patient or 

iatrogenic [4]. In mechanically ventilated patients, nutritional status often becomes deteriorated 

because of inability of these patients to express hunger and feed orally, or because of the 

complexity of intensive medical care [2]. Malnutrition in critically ill patients has been associated 

with impaired immunological function, impaired ventilator drive, and weakened respiratory 

muscles, leading to prolonged ventilator dependence and increased infectious morbidity and 

mortality [5, 6]. 

Nutrition therapy is now considered an integral part of standard care in the ICU [7]. The 

goals of nutrition therapy for critically ill patients are to attenuate loss of lean body mass, 

alleviate or treat malnutrition, and support the patient nutritionally to prevent physiologic 

deterioration [8]. Although the benefits of nutrition therapy are recognized and clinical practice 

guidelines are published worldwide, the optimal amount of nutritional intake in critically ill 

remains controversial. Some studies have shown that underfeeding or caloric debt is associated 

with adverse clinical outcomes [9–17]. In contrast, other studies have suggested better clinical 

outcomes in patients receiving low caloric intake [18–23]. Inconsistent findings could be due to 

the use of different statistical methodology to account for duration of exposure to nutrition, and 

failure to consider which patients may benefit the most from artificial nutrition support [24–26]. 

The duration of exposure to nutrition may be a confounder in evaluating the relationship between 

nutrition intake and clinical outcomes because short-term ICU patients who have a good outcome 

often receive few calories while in ICU [24]. Thus, taking a robust approach to account for the 
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duration of exposure to nutrition is important in studies of nutrition support in the critical care 

setting.  

 There is emerging evidence that not all critically ill patients are the same in terms of 

nutrition risk or the benefit they receive from artificial nutrition. The patients at high nutrition risk 

are more likely to benefit from nutrition therapy than others [26]. It is recognized that nutrition 

risk depends on degrees of severity of disease as well as degrees of undernutrition. This concept 

was illustrated in studies that showed differential treatment effects of artificial nutrition in 

different subgroups of ICU patients. Alberda et al., found that the beneficial treatment effects of 

increased calories intake on 60-day mortality was observed only in critically ill patients whose 

body mass index (BMI) was under 25 or at least 35 [10]. A study by Faisy et al. demonstrated 

that in a small group of critically ill patients requiring prolonged mechanical ventilation (>7 

days), an energy deficit of approximately 1200 kcal/day was independently associated with ICU 

mortality [13]. Therefore, consideration of ICU patients at high nutrition risk, potentially those 

who require prolonged mechanical ventilation or have extreme BMI is needed in future studies of 

critical care nutrition.  

 While many studies have documented the impacts of nutritional intake on short-term 

outcomes such as ICU-acquired infection, and ICU and hospital mortality, relatively little is 

known about subsequent long-term outcomes. As the number of ICU survivors increases, it has 

been recognized that survival alone is not the only important outcome after ICU discharge [27]. 

ICU-acquired weakness following prolonged ICU stay is independently associated with morbidity 

in survivors of critical illness [28]. As quality patient survival is the primary goal of intensive 

care medicine, consideration of health-related quality of life (HRQoL) is also important [29]. 

There is emerging evidence suggesting that nutritional intake may impact muscle mass and 

muscle function which in turn predicts physical recovery [30–35]. Studies have found that, on 
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average, critically ill patients only receive caloric intake between 40% and 50% of their 

prescribed requirements [36–40]. In ICU patients requiring prolonged mechanical ventilation, 

nutritional status is often further deteriorated due to their critical illness and, coupled with 

ongoing inadequate caloric intake, these patients may experience ongoing muscle loss and 

impaired physical function. Although achieving nutrition targets will not always be possible, we 

believe that optimal nutritional intake in the ICU is clinically relevant and understanding how it 

impacts patients in the long run and more importantly, in the physical aspects of health-related 

quality of life (HRQoL), is needed. 

 Our prior analysis demonstrated that, after adjusting for several potential confounders, 

increased nutritional adequacy was associated with improved survival up to six months post ICU 

admission (Wei X, Day A, Ouellette-Kuntz H, Heyland DK, manuscript in preparation). Thus, 

building on our previous finding of a significant association with survival, the purpose of this 

study was to examine the relationship between nutritional adequacy and HRQoL post ICU in six-

month survivors requiring prolonged mechanical ventilation in the ICU. Our a priori hypothesis 

was that in critically ill patients at high nutrition risk, particularly those who were mechanically 

ventilated for a long period of time, increased nutritional adequacy is associated with improved 

physical aspects of HRQoL.  

Materials and Methods 

Study design 

 This is a retrospective cohort study on data collected prospectively in the context of a 

randomized controlled trial (RCT) of glutamine and antioxidants supplementation in critically ill 

patients. The trial was conducted between May 2007 and December 2011 in 40 ICU sites across 

Canada, the United States, and Europe. Details of the RCT are described elsewhere [41]. This 
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study involved secondary analysis of data collected for the RCT as well as additional data 

collected on the characteristics of ICU sites.  

Study population 

 Mechanically-ventilated adult patients 18 years of age and older admitted to ICU who 

had two or more organ failures related to their acute illness were eligible for the parent clinical 

trial (see Appendix C for a complete list of the eligibility criteria for the RCT). In the current 

study, eligible patients were randomized critically ill patients who survived to six months post 

ICU admission with duration of mechanical ventilation and length of ICU stay  >8 days. Patients 

who were overfed (received ≥110% of prescribed energy) were excluded (Figure 4.1). The 

duration of mechanical ventilation and ICU length of stay allowed selection of patients requiring 

prolonged mechanical ventilation [12, 13, 42].  
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Figure 4.1 Patient flow chart  
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Data collection and measurements 

  The following data collected at ICU admission were extracted from the database of the 

RCT: age, sex, admission category (medical or surgical), primary admission diagnosis 

(cardiovascular, respiratory, gastrointestinal, sepsis, and other), body mass index (BMI), 

comorbidities, Acute Physical and Chronic Health Evaluation (APACHE) II score to assess the 

severity of illness [43], and Sequential Organ Failure Assessment (SOFA) score to determine 

organ dysfunction [44]. The Functional Comorbidity Index was used to describe patients’ 

comorbidities [45]. A survey of ICU characteristics was conducted at each participating site. The 

ICU characteristics included: ICU type (open or closed), ICU size (number of beds), case mix, 

region, presence of a medical director, and presence of a dietitian. 

 The daily total caloric intake from enteral nutrition (EN) and parenteral nutrition (PN) 

was collected from ICU admission for a maximum of 28 days, unless ICU discharge or death 

occurred sooner. The optimal amount of energy prescription was determined by indirect 

calorimetry or a formula that estimates energy requirements. Nutritional adequacy per day was 

calculated as the amount of calories received from enteral nutrition (EN) or parenteral nutrition 

(PN) divided by the amount prescribed, and expressed as a percentage. The average nutritional 

adequacy is then calculated as overall average percentage of prescribed calories received during 

the pre-specified duration of mechanical ventilation.  

 In the RCT, randomized patients were followed prospectively for a maximum of six 

months from the date of ICU admission. At three and six months post ICU admission, patients or 

next of kin were contacted by telephone to assess their survival status and to administer SF-36 
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questionnaire. If the patient was not able to participate, proxy responses by a family member or a 

health care professional who knew the patient’s condition the best were allowed.  

 SF-36, a short-form health-related quality of life (HRQoL) scoring system, is a generic, 

general health status survey consisting of eight domains and thirty-six items [46]. All but one of 

the 36 items are compressed into eight domains: General Health (GH), Physical Functioning (PF), 

Role Physical (RP), Role Emotional (RE), Social Functioning (SF), Bodily Pain (BP), Vitality 

(VT), and Mental Health (MH) [47]. The domains of the SF-36 are summarized into two higher-

order scales: Physical Component Scale (PCS) and Mental Component Scale (MCS) [46]. Each 

domain and summary component is scored from 0 (worst score) to 100 (best score). The score of 

the summary components are weighed averages of the domains based on a factor analysis with 

orthogonal rotation [48]. The SF-36 is suitable for self-administration, or for administration by a 

trained interviewer in person or by phone. It has been tested and found both valid and reliable in 

the ICU setting, and is one of the recommended outcome measures [49, 50]. A minimum change 

of five points in the domains and two points change in the summary component scale are 

considered clinically meaningful [46].  

Statistical analysis 

 Patients and selected ICU characteristics were described using means with standard 

deviations for continuous variables and counts with percentages for categorical variables. The 

Physical Functioning (PF), Role Physical (RP), and Physical Component Scale (PCS) scores of 

the SF-36 were selected a prior to examine their association with nutritional adequacy based on 

the biological plausibility presented in the literature [30–35]. PF, RP, and PCS at three- and six-

months were described using mean scores and presented in bar graphs. We compared the scores 

at three- and six-months using paired t-test. We used the locally weighted regression scatter plot 

smoother (LOWESS) procedure to graphically depict the unadjusted univariate relationships 
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between nutritional adequacy and each of the PF, RP, and PCS scores. The LOWESS curve is a 

procedure for drawing a smooth curve through a scatter diagram based on local regression and 

makes no assumption about the form of the relationship [51]. A linear mixed effects model was 

used to model the association between nutritional adequacy and SF-36 scores, both as continuous 

variables. For the ease of interpretation, nutritional adequacy was converted into ‘per 25% 

increase’ scale as it is a reasonable and achievable quality improvement in caloric delivery [21, 

52]. The mixed model included random ICU effects to account for the dependence between 

patients within the same ICU. This approach equates to a two level multi-level model with the 

HRQoL assessment at level 1 and ICU at level 2. PF, RP, and PCS at each time point (three- and 

six-months) were modeled separately while adjusting for age, Functional Comorbidity Index, 

APACHE II score, baseline SOFA, and admission category based on evidence from previous 

research [53–56]. In addition to these pre-specified covariates, the final model included the site 

and patient characteristics from Table 4.1 and 4.2 that were selected by backward selection based 

on a significance of 0.1. Subgroup analyses by admission category (medical vs. surgical) were 

performed to explore the interactions between admission category and nutritional adequacy. The 

significance of the interaction term was tested in the final model. 

 The missing data at three- and six-months were described by frequency to help 

understand the pattern of missing data. The baseline characteristics for three groups of patients: 

completed SF-36 at both time points, only at one time point, and not completed at any time point 

were described respectively. Multiple imputation was used to explore the robustness of the 

results. Because of the arbitrary missing pattern in all three sets of the SF-36 scores (i.e. a patient 

(or proxy) did not complete the three-months SF-36 but completed the six-months SF-36), the 

Markov chain Monte Carlo (MCMC) method was used to impute all the missing values [57]. 

Each of the PF, RP, and PCS scores across two time points were imputed together. Other 
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variables that were used to impute the missing values include: age, gender, APACHE II score, 

baseline SOFA, Functional Comorbidity Index, region, admission category, BMI, ICU length of 

stay, hospital length of stay, and nutritional adequacy. Values were imputed only for those 

missing due to follow-up or dropout, not for those known to be dead at the time point.  Multiple 

imputation reflects missing data uncertainty and results in multiple sets of a complete dataset.  

Twenty imputations were generated and each was analyzed using the linear mixed model. The 

estimates were then combined using Rubin’s rules, which incorporate both within and between-

imputation variability [58]. This method assumes that the data were missing at random, meaning 

that the missingness is related to other measured variables in the analysis model, but not to the 

unobserved values of the incomplete variables [59].   

 All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, 

NC, USA). Unless otherwise specified, statistical significance was set at P = 0.05 (two-sided) for 

all tests.  

Research ethics approval was obtained from the Health Sciences Research Ethics Board 

at Queen’s University in Kingston, Ontario, Canada. The need for informed patient consent was 

waived given the observational nature and deidentified data capture of this study. 

Results 

Study population  

Figure 4.1 shows the number of patients included, reasons for exclusion, and the follow-

up of eligible patients. Of the 1223 patients enrolled in the randomized controlled trial, 475 were 

mechanically ventilated in the ICU for >8 days and were not overfed (received <110% of 

prescribed energy) were eligible for our study. This analysis includes the 302 patients alive and 

on study at six-months. Among the 302 patients alive at six-months follow-up, 158 patients 

completed the SF-36 at both time points, 66 patients only completed it at one time point, and 78 
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patients did not complete any due to study refusal, withdrawal, or loss to follow-up (Figure 4.1). 

The characteristics for these three groups of patients with different SF-36 completion status are 

described in Appendix D (Table D.1).  The six-month survivors included were from 34 ICU sites 

across Canada, Europe, and US. Table 4.1 shows characteristics of participating ICU sites.  

Table 4.1 Characteristics of participating ICU sites 

Site characteristics All sites (n=34) 

Region  

     Canada 22 (64.7%) 

     Europe     4 (11.8%) 

     USA   8 (23.5%) 

Size of ICU (beds) 27 (8.0, 62.0) 

ICU type  

     Closed 25 (73.5%) 

     Open 5 (14.7%) 

     Open/Closed 4 (11.8%) 

Case type  

     Medical 31 (91.2%) 

     Surgical 33 (97.1%) 

     Trauma 21 (61.8%) 

     Pediatrics 1 (2.9%) 

     Neurological 22 (64.7%) 

     Cardiac surgery 11 (32.4%) 

     Burns 9 (26.5%) 

     Others 5 (14.7%) 

Presence of medical director  

     Yes 34 (100%) 

Presence of dietitian  

     Yes 32 (94.1%) 

     No 2 (5.9%) 

Data are reported as number (%) or median (range). ICU, Intensive Care Unit. 
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Table 4.2 describes the baseline and clinical characteristics of patients included in the 

main analysis. The patient cohort had a mean age of 60.5 years, 41.4% were female, 74.5% were 

admitted for medical indications, had a mean BMI of 30.7, and an average APACHE II score of 

26.9. The average length of stay and duration of mechanical ventilation were 26 and 23 days, 

respectively.  

Table 4.2 Patient baseline and clinical characteristics in 6-month survivors 

Data are reported as number (%) or mean ± SD. APACHE II, acute physiology and chronic health evaluation; SOFA, 

sequential organ failure assessment; ICU, intensive care unit. 

Variables Overall 

Number of patients 302 

Age, yrs 60.5 ± 14.3 

Female 125 (41.4%) 

APACHE II score 26.9 (7.2%) 

Functional Comorbidity Index 1.2 ± 1.3 

Baseline SOFA      8.6 ± 3.0 

Admission Category  

    Medical 225 (74.5%) 

    Surgical 77 (25.5%) 

Primary ICU Diagnosis  

    Cardiovascular 47 (15.6%) 

    Respiratory 87 (28.8%) 

    Gastrointestinal 29 (9.6%) 

    Sepsis 96 (31.8%) 

    Other 43 (14.2%) 

Treatment Arm  

    Antioxidants 77 (25.5%) 

    Glutamine 78 (25.8%) 

    Glutamine + Antioxidants 70 (23.2%) 

    Placebo 77 (25.5%) 

Body Mass Index, kg/m2  

    Overall mean 30.7 ± 8.5 

    Underweight (<18.5) 3 (0.4%) 

    Normal weight (18.5-<25) 79 (26.2%) 

    Overweight (25-<30) 90 (29.8%) 

    Obese I (30-<35) 60 (19.9%) 

    Obese II (35-<40) 30 (9.9%) 

    Obese III (>-40) 40 (13.2%) 

Region  

     Canada 256 (84.8%) 

     Europe 9 (3.0%) 

     USA 37 (12.9%) 

ICU length of stay, median (interquartile) 26.0 ± 18.3 

Mechanical ventilation duration, median (interquartile) 22.9 ± 34.2 
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HRQoL in 6-month survivors  

 Figure 4.2 shows the mean SF-36 scores for Physical Functioning (PF), Role Physical 

(RP), and Physical Component Scale (PCS) at three- and six-months in completed cases among 

six-month survivors. The increases in scores for PF, RP, and PCS from three-months to six-

months were statistically significant and clinically relevant; that is, greater than five for the PF 

and RP domains, and greater than two points in PCS.  

 

Figure 4.2 Three-month and six-month mean scores for PF, RP, and PCS of SF-36  

(Error bars indicate 95% confidence intervals of the mean score; d is the mean difference between 

three-month and six-month mean score and p-values were calculated by paired t-test.) 

 

The relationship between nutritional adequacy and SF-36 scores 

 Figure 4.3 shows the unadjusted relationships between nutritional adequacy and SF-36 

scores at three- and six-months based on locally weighted regression and smoothing scatterplots 

(LOWESS). The smoothing curves revealed positive and linear relationships between nutritional 
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adequacy and each of the PF, RP, and PCS score on the SF-36. Higher scores were observed at 

six-months in PF, RP, and PCS compared to 3-months (Figure 4.3). In panel A (PF) and B (RP), 

the slopes of the ‘6-month’ LOWESS lines were steeper than the slopes of the ‘3-month’ 

LOWESS lines. No difference in slopes of the ‘3-month’ and ‘6-month’ LOWESS lines was seen 

in panel C (PCS). 

Results of the linear mixed model are presented in Table 4.3. At three-months follow-up, 

the unadjusted relationship between nutritional adequacy and the PF score showed that for every 

25% increase in nutritional adequacy or energy prescription received over the first eight days of 

mechanical ventilation, PF score increased by 7.71 points (P = 0.006). After adjusting for 

important covariates including age, APACHE II score, baseline SOFA, Functional Comorbidity 

Index, admission category, primary ICU diagnosis, body mass index, and geographic region, the 

expected increase in PF score for every 25% increase in nutritional adequacy remained similar 

and statistically significant (adjusted estimate = 7.29, P = 0.02). At six-months follow-up, both 

unadjusted and adjusted increase in PF score for every 25% decrease in nutrition adequacy 

became smaller and were no longer statistically significant compared to the increase at three-

months follow-up (adjusted estimate = 4.16, P = 0.14). 
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Figure 4.3 Unadjusted relationship between nutritional adequacy and SF-36 scores   
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Table 4.3 Parameter estimates of the effect of nutritional adequacy on SF-36 scores 

SF-36 Nutritional Adequacy
a
 per 25% increase 

Crude Estimate
b 

 (95% CI) 

p-value Adjusted 

Estimate
b,c

 (95% 

CI) 

p-value 

Physical 

Functioning 

3-month  

(n=179)
d 

7.71 (2.29, 13.14) 0.006 7.29 (1.43, 13.15) 0.02 

6-month  

(n=202)
d 

5.25 (0.03, 10.47) 

 

0.05 4.16 (-1.32, 9.64) 0.14 

Role 

Physical 

3-month 

(n=178)
d 

8.27 (3.03, 13.52) 0.002 8.30 (2.65, 13.95) 0.004 

6-month 

(n=202)
d 

5.00 (-0.16, 10.16) 0 .06 3.15 (-2.25, 8.54) 

 

0.25 

Physical 

Component 

Scale 

3-month 

(n=175)
d 

1.82 (-0.07, 3.70) 0.06 1.82 (-0.18, 3.81) 0.07 

6-month 

(n=200)
d 

1.77 (-0.15, 3.69) 0.07 1.33 (-0.65, 3.31) 0.19 

aProportion of caloric prescription received by enteral nutrition and parenteral nutrition over first 8 days of mechanical 

ventilation and intensive care unit stay; 

bThe estimate provides the change in SF-36 scores for every 25% increase in nutritional adequacy; 
cAdjusted for age, APACHE II score, baseline SOFA, Functional Comorbidity Index, admission category, and region; 
d
n provides the number of responders for each SF-36 score. 

 

 At three-months follow-up, the unadjusted association between nutritional adequacy and 

the RP score was statistically significant (crude estimate = 8.27, P = 0.002). After adjusting for 

important covariates, the expected increase in RP score for every 25% increase in nutritional 

adequacy remained similar and statistically significant (adjusted estimate = 8.30, P = 0.004). At 

six-months follow-up, both unadjusted and adjusted increase in RP score for every 25% increase 
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in nutrition adequacy became smaller and were no longer statistically significant compared to the 

increase at three-months follow-up (adjusted estimate = 3.15, P = 0.25). 

The association between nutritional adequacy and the PCS score was not statistically 

significant at three-months follow-up after adjusting for important covariates (adjusted estimate = 

1.82, P = 0.07). At six-months follow-up, both unadjusted and adjusted estimates of increase in 

PCS score for every 25% increase in nutritional adequacy became smaller and were not 

statistically significant (adjusted estimate = 1.33, P = 0.19).  

In summary, we observed a greater increase in SF-36 scores for every 25% increase in 

nutritional adequacy and a stronger association between nutritional adequacy and the PF and RP 

scores at three-months compared to six-months.  We did not find any statistical significance in the 

association between nutritional adequacy and the PCS at three- or six-months.  

Subgroup analysis by admission category 

 Subgroup analysis by admission category showed significant and clinically meaningful 

associations between nutritional adequacy and each of the PF, RP, and PCS scores at three- and 

six-months in medical patients, but not in surgical patients (Table 4.4). Compared to the findings 

at six-months, more clinically meaningful and statistical significant increases in PF, RP, and PCS 

scores for every 25% increase in nutritional adequacy were observed at three-months. The 

interaction between admission category and nutritional adequacy was tested in each model and 

found not to be statistically significant (Table 4.4).  
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Table 4.4 Subgroup analysis of the effect of nutritional adequacy on SF-36 scores by 

admission category 

 Nutritional Adequacy
a
 per 25% increase  

 Medical Patients Surgical Patients Interaction 

SF-36 N
b 

Adjusted Estimate
c, d

 

(95% CI) 

P N
b 

Adjusted Estimate
c, d

 

(95% CI) 

P P 

PF: 3-mo 128 10.94 (4.33, 17.56) 0.001 51   -1.22 (-13.74, 11.30) 0.84 0.10 

PF: 6-mo 144 6.70 (0.19, 13.21) 0.04 58  -0.25 (-11.78, 11.28) 0.97 0.22 

RP: 3-mo 127 13.13 (6.66, 19.59) 0.0001 51 -2.95 (-15.17, 9.26) 0.63 0.07 

RP: 6-mo 144 7.15 (0.87, 13.44) 0.03 58 -3.37 (-15.44, 8.72) 0.58 0.11 

PCS: 3-mo 125      3.48 (1.19, 5.77) 0.003 50 -1.55 (-5.90, 2.81) 0.47 0.06 

PCS: 6-mo 142      2.53 (0.19, 4.87) 0.03 58 -0.36 (-4.38, 3.66) 0.86 0.14 

aProportion of caloric prescription received by enteral nutrition and parenteral nutrition over first 8 days of mechanical 

ventilation and intensive care unit stay; 
b
N provides the number of responders for each SF-36 score; 

cThe estimate provides the change in SF-36 scores for every 25% increase in nutritional adequacy; 
dAdjusted for age, APACHE II score, baseline SOFA, Functional Comorbidity Index, admission category, and region. 

 

Evaluation of the effect of missing data on study outcomes 

 Multiple imputation was used to adjust for potential non-response bias due to missing 

data. As shown in the Appendix D (Table D.2), the mean PF, RP, and PCS scores in the imputed 

datasets were about 1 point lower than the mean scores in the completed cases.  Multiple 

imputation yielded results that were similar to those of the main analysis; that is, significant 

association between 25% increase in nutritional adequacy and increase in each of PF and RP 

scores at 3-months (Appendix D Table D.3). No significant association between nutritional 

adequacy and PCS was observed following imputation.  
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Discussion 

 This retrospective cohort study evaluated the impact of short-term nutritional adequacy 

(percentage of prescribed energy patients received) on the physical components of HRQoL in 

critically ill patients who required mechanical ventilation in ICU for >8 days and survived up to 

six months following ICU admission. We hypothesized that adequate nutritional intake would 

improve physical aspects of HRQoL post ICU discharge in six-month survivors with prolonged 

mechanical ventilation in the ICU.  

 Consistent with the finding of previous studies of ICU survivors, our study showed 

substantially lower scores in PF, RP, and PCS domains of SF-36 at three-months and six-months 

post ICU admission in the six-month survivors compared to the age and sex matched general 

population sample [60–65].  The reported mean age- and sex-standardized scores for the PF, RP, 

and PCS of SF-36 for Canadians in age group 54-64 are 82.3 (95% CI: 81.5-83.0), 81.3 (95% CI: 

80.0-82.7), and 49.0 (95% CI: 48.6-49.3), respectively [66]. Also consistent with previous 

studies, we observed clinically meaningful improvements in the physical components of the SF-

36 over three to six months of follow-up [53, 54, 67].  

The main finding of our study was that reducing nutritional intake is independently 

associated with reduction in scores of PF and RP at three-months. The association was weaker 

and not statistically significant at six-months. There is limited clinical research investigating the 

effect of nutrition therapy on HRQoL post ICU discharge in critically ill patients. In a recently 

published follow-up evaluation of a large randomized controlled trial (EDEN trial) [68], 

Needham et al. compared the long-term effects of trophic feeding (for the first six days, 25% of 

energy target) versus full energy feeding (80% of energy target) in 525 patients with acute lung 

injury. The study found physical outcomes including those measured by the PF and PCS scores 

on the SF-36 at 12-months significantly improved from the assessment at six months. The 
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investigators reported no difference between trophic vs. full feeding in mean SF-36 PF (55 (SD: 

33) vs. 55 (SD: 31), P = 0.54) and PCS (39 (SD: 14) vs. 40 (SD: 13), P = 0.76) scores at twelve-

months follow-up. The study also indicated that the treatment effects at the six- and twelve-

months follow-up did not significantly differ.  

Our findings are similar to those of the EDEN trial in that the physical outcomes 

improved over time after ICU discharge and that there was no significant difference in treatment 

effects at six-months. However, in contrast to the EDEN trial, we found a significant association 

between nutritional intake and physical outcomes at three months. We observed a clinically 

meaningful change of about 8 points decrease in scores of PF and RP at three-months for every 

25% decrease in nutritional adequacy. As studies have documented that impaired physical 

domains of HRQoL in ICU survivors generally improve within six to twelve months after ICU 

discharge [53, 54, 67, 69, 70], our finding implies that improving nutritional intake may help to 

facilitate a faster physical recovery in these ICU survivors.  

 In addition to the HRQoL assessments at different times, it is important to note that all 

EDEN patients received the benefits of early enteral nutrition and the trophic feeding group 

eventually received full feeding after the six-day period. It is possible that the overall duration of 

differences in feeding strategies was not long enough to contribute to differences in physical 

outcomes. It is also important to recognize that the patients in the EDEN trial are different from 

our patient population. The EDEN patients were younger (average 52 years), had a much shorter 

duration of mechanical ventilation (average 5 days), and had a smaller proportion of medical 

patients (62%). Our patient population is relatively older (mean 60.5 years), had much longer 

average duration of mechanical ventilation (23 days), and had higher proportion of medical 

patients (74.5%). Thus, a key difference between our study and the EDEN trial is that our study 

targeted more severely ill patients or ‘high-risk’ patients. An emerging body of evidence suggests 
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that not all critically ill patients are the same in terms of their nutrition risk [26, 71]. The patients 

at high nutrition risk are more likely to benefit from nutrition therapy than others. It has been well 

recognized that severity of illness can further impair patients’ nutritional status, and these patients 

need more nutritional intake due to their increased stress-metabolism [26]. Thus, our study only 

focused on the ‘high-risk’ patients, who are those who were very sick and required prolonged 

mechanical ventilation.  

 Another finding of our study is that nutritional adequacy improved physical function at 

three- and six-months in medical patients with no evidence of an effect in surgical patients. 

Although the interaction between admission category and nutritional adequacy did not reach 

statistical significance, possibly because of inadequate power, the observed difference in medical 

and surgical patients is consistent with the findings of previous studies. Compared to surgical 

patients, medical patients have more underlying comorbidities, suffer from more decompensation 

of chronic underlying disease, and have poorer short-term survival. This finding may again 

explain the different results we have seen in heterogeneous patient population with varied 

nutrition risk. Medical patients are more severely ill or at higher nutrition risk, thus more likely to 

benefit from artificial nutrition than surgical patients.  

 The major strength of this study is the assessment of longer-term outcomes in critically ill 

patients as compared to previous studies examining the effect of nutrition therapy. The study is 

novel in that it is the first observational study that evaluated the impact of nutrition therapy on 

HRQoL post ICU discharge and focused on ‘high-risk’ patients. Another strength of our study is 

that we used the most robust sample restriction approach by only including patients with a 

minimum duration of mechanical ventilation in the ICU, which has been shown to be appropriate 

to account for the confounding effect of duration of exposure to nutrition in estimating the 

association between nutritional adequacy and clinical outcomes. In addition, nutritional data were 
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extracted from an original RCT conducted in multiple intensive care units across different 

countries thus enhancing the generalizability of the findings. 

 There are several limitations to this study. First, although the study provides evidence for 

temporality, the causal association between nutritional adequacy and physical function aspects of 

HRQoL post ICU discharge cannot be definitively established due to the observational nature of 

the study and possible remaining unknown confounding. However, we did use sample restriction 

and statistical adjustment techniques to account for variability in duration of exposure to nutrition 

and key patient demographics that relate to exposure and outcome.  

Second, the study has a small sample size and a relatively large proportion of patients 

were lost to follow-up, with as many as 26% of patients not completing any assessments. The 

reasons for loss to follow-up were not systematically recorded and it is possible that the patients 

who were lost to follow-up did so because of poorer physical quality of life.  However, it is also 

possible that patients who were fully recovered may have been more likely to be lost to follow-up 

because they may have perceived the research as irrelevant to them. We used multiple imputation 

to explore the robustness of the results. Consistent results were obtained after imputation, 

meaning that the missing data did not significantly impact the results.  

 Third, proxies were used when patients were not available or unable to answer the 

questionnaire. Family or caregiver completed 20% and 16% of SF-36 assessments at three-

months and six-months follow-up respectively (Figure 4.1). Rogers et al. have tested the 

reliability and validity of proxy respondents using SF-36 six months following ICU discharge and 

concluded that the next of kin are able to give a good proxy assessment of functional aspects of 

quality of life [72].   

Fourth, the method used for caloric prescription for individual patients is not standardized 

across ICU sites because there is lack of evidence to determine the best method for estimating 
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energy requirements [73]. In the RCT, the prescribed calories were left to clinical judgment of the 

dietitians in selecting the appropriate method to estimate energy requirement. Therefore, 

depending on the method used, there may be measurement error in estimating the amount of 

energy prescription for individual study patient, which would have led to over and under 

estimation of nutritional adequacy.  The variation in method used to estimate energy requirement 

may reduce the precision of our exposure measurements, but it is unlikely to lead to significant 

systematic bias in estimates of the effect. 

Fifth, many exclusion criteria of the RCT were applied to only include patients who are 

likely to benefit from the therapeutic intervention for the purpose of the clinical trial. Thus, the 

generalizability of the study findings is restricted. However, the study targeted the most severely 

ill ICU patients, which have been projected as the patient population that will benefit the most 

from artificial nutrition.  

Finally, this analysis only included six-month survivors. Thus, this study provides an 

inference that is conditional on survival. Such a conditional inference requires cautious 

interpretation, which is only meaningful after the association with survival is carefully 

considered. Our prior analysis demonstrated that, after adjusting for several potential 

confounders, increased nutritional adequacy was associated with improved survival (Wei X, Day 

A, Ouellette-Kuntz H, Heyland DK, manuscript in preparation). Therefore, we can conclude that 

increased nutritional adequacy is associated with both improved survival and increased HRQoL 

among survivors. From a nutrition practice perspective, our findings provide the rationale for 

initiating quality improvement in nutrition therapy that may help with faster physical recovery 

post ICU discharge, particularly in the high nutrition risk patients such as those who require 

prolonged mechanical ventilation. It is necessary for future clinical research evaluating outcome 
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of critical care nutrition to incorporate quality of life assessment post ICU discharge, and to 

consider those ‘high-risk’ patients.  

Conclusion 

 Our study has suggested an important relationship between insufficient nutritional intake 

and impairment in physical function aspects of quality of life post ICU discharge in survivors of 

critical illness with prolonged mechanical ventilation in the ICU. Receiving adequate energy as 

early as the first week of ICU stay may help facilitate faster physical recovery post ICU discharge 

only in medical patients as opposed to surgical patients. Randomized controlled trials are needed 

to provide stronger assessment of the causal impact of nutrition therapy on HRQoL post ICU 

discharge.  
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Chapter 5 

General Discussion 

5.1 Summary of Study 

Underfeeding occurs systematically in intensive care units (ICUs) around the world [1]. 

In patients requiring prolonged mechanical ventilation, nutritional status is often deteriorated due 

to their critical illness and, coupled with ongoing inadequate caloric intake, these patients may 

experience ongoing muscle loss and impaired muscle function which may be associated with 

survival and physical outcomes post ICU discharge [2–7] . The overall purpose of this thesis was 

to examine the effect of short-term nutritional adequacy received while in the ICU on long-term 

outcomes post ICU discharge in critically ill patients requiring prolonged mechanical ventilation.  

The aim of Manuscript 1 was to examine the association between nutritional adequacy 

and six-month survival in critically ill patients who were mechanically ventilated in the ICU for 

more than eight days. The main conclusion of the first manuscript was that after adjusting for 

important covariates, receiving adequate caloric prescription (particularly >80% of prescribed 

calories) as early as the first week of ICU stay is associated with improved six-month survival of 

critically patients with prolonged mechanical ventilation compared to patients receiving less 

nutritional intake.  

 As the number of ICU survivors increases, it has been recognized that survival alone is 

not the only important outcome, health-related quality of life (HRQoL) needs to be incorporated 

in the outcome evaluation of critical care nutrition to develop guidelines for the use of scarce ICU 

resources that reflect the values of individual patients [8, 9]. Thus, building on the first 

manuscript, Manuscript 2 examined how short-term nutritional adequacy received while in the 

ICU could impact HRQoL post ICU discharge in the survivors of critical illness. The main 
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conclusion was that after adjusting for important covariates, receiving adequate energy in the first 

week of ICU stay is associated with improved functional aspects of HRQoL at three-months 

follow-up in survivors of critical illness who required prolonged mechanical ventilation.  

 In both manuscripts, we took a further step in examining how the relationship of interest 

may be different in medical patients versus surgical patients. By subgroup analyses, we found that 

the increased intake of energy appears to be associated with improved long-term outcomes only 

in medical patients as opposed to surgical patients. Although the interaction between admission 

category and nutritional adequacy was not statistically significant, possibly because of inadequate 

power, the observed difference in medical and surgical patients is consistent with the findings of 

previous studies [10–12].  

Our findings suggest that provision of adequate energy as early as the first week of ICU 

stay is beneficial to long-term outcomes of critically ill patients who require prolonged 

mechanical ventilation.  

5.2 Additional Results of Manuscript 2 

An exploratory analysis was performed by categorizing nutritional adequacy into three 

groups (low, <50%; moderate, ≥50 and <80%; and high, ≥80%) to examine the association 

between nutritional adequacy and physical components of HRQoL in six-month survivors. This 

analysis was conducted for two reasons: 1) Since the most discrepancies in the optimal amount of 

caloric intake have been whether achieving full feeding (about 70-100% of caloric goal) is 

beneficial compared to trophic feeding (<30% of caloric goal) and achieving 80% of caloric goal 

has been shown to be clinically relevant [13–15], it would be meaningful for us to explore the 

effect of full feeding on HRQoL in the survivors of critical illness; 2) This analysis also serves to 
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justify our decision of treating nutritional adequacy as continuous in the main analysis of 

Manuscript 2.  

The results of this exploratory analysis are shown in Appendix E. The study population 

for Manuscript 2 was in six-month survivors only and there was a large amount of study 

participants who were lost to follow-up and hence the study sample size is small. After 

categorizing the patients by nutritional adequacy groups, the number of patients in the high 

nutritional adequacy group (n = 41, 13.6%) was much smaller than the number of patients in the 

low and moderate groups (Appendix E Table E.1), thus the analysis may not have enough 

statistical power to detect a significant effect.  

As shown in Appendix E Figure E.1, the mean SF-36 scores for Physical Functioning 

(PF), Role Physical (RP), and Physical Component Scale (PCS) in each nutritional adequacy 

group increased from three-months to six-months. The increase in scores for PF from three-

months to six-months was only statistically significant in the high nutritional adequacy group. 

The increases in scores for RP and PCS from three-months to six-months were statistically 

significant in all three nutritional adequacy groups.  

The results of the linear mixed model with nutritional adequacy treated as a categorical 

predictor are shown in Appendix E Table E.2. At three-months follow-up, there was no 

significant difference in SF-36 scores between low and high nutritional adequacy groups except 

for RP domain. However, the differences between low and high groups in scores for PF and RP 

domains are much greater than 5, which is clinically meaningful. The conclusion remains the 

same after adjusting for confounders. No statistically significant differences between moderate 

and high nutritional adequacy groups were observed at three-months follow-up.  At six-months 

follow-up, no statistical significant differences in SF-36 scores were observed in any of the group 

comparisons.  
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Although not statistically significant, the differences in SF-36 scores consistently trended 

toward the benefit from high over moderate nutritional adequacy, as well as over low nutritional 

adequacy. Hence, this consistent trend, in addition to the approximate linearity demonstrated by 

the non-parametric LOWESS smoother (Figure 4.3) helped us to justify our use of nutritional 

adequacy as a continuous predictor in examining the relationship of interest in Manuscript 2. 

5.3 General Strengths and Limitations 

This is the first observational study that evaluated the impacts of nutrition therapy on 

long-term outcomes post ICU discharge of critically ill patients, whereas most of the previous 

studies in critical care nutrition only examined the short-term clinical outcomes in the ICU. As 

the primary goal of intensive care is quality survival [16], our study looked at long-term survival 

as well as HRQoL, which are both important outcomes for making clinical and policy decisions 

about the most effective utilization of critical care nutrition.  

There is an emerging body of evidence suggesting that not all critically ill patients are the 

same in terms of their nutrition risk. The patients at high nutrition risk are more likely to benefit 

from nutrition therapy than others [17, 18]. Inclusion of heterogeneous patient populations with 

some at high nutrition risk and some at low nutrition risk likely contributes to inconsistent results 

in the studies of nutrition therapy. Thus, our study is strong in that we only targeted more 

severely ill patients or ‘high-risk’ patients, who are those who required prolonged mechanical 

ventilation. Our finding from sub-group analysis (i.e. medical vs. surgical patients) also helped to 

explain the inconsistent results we have seen in heterogeneous patient populations with different 

nutrition risk.  

Another potential problem in the field of critical nutrition research is the use of different 

statistical methodologies to account for duration of exposure to nutrition. As most feeding 
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protocols recommend the gradual increase of nutrition over the first several days of ICU stay, 

with little or none given on the first few days, patients with short-term stays often receive few 

calories while in the ICU [13]. Thus, if the duration of nutrition is not properly adjusted, patients 

with short stays would have had very little feeds, but had a “good outcome”[13].  To avoid this 

problem, our study used the most robust sample restriction approach by only including patients 

with a minimum duration of mechanical ventilation in the ICU, which has been shown to be 

appropriate to account for the confounding effect of duration of exposure to nutrition [13]. 

Moreover, data were extracted from a randomized controlled trial conducted in multiple intensive 

care units across different countries thus enhancing the generalizability of the findings.  

 Our study is not without limitations. The most important limitation is that the causal 

association between nutritional adequacy and long-term survival cannot be definitively 

established due to the observational nature of the study and possible residual confounding. 

However, we did use sample restriction and statistical adjustment techniques to account for the 

variability in duration of exposure to nutrition and key patient demographics that relate to 

exposure and outcome. A randomized controlled trial would be the ideal study design to provide 

stronger evidence in examining the effect of nutrition therapy on long-term outcomes.  

 Additionally, the method used for caloric prescription was not standardized across ICU 

sites because there is lack of evidence in determining the best method for estimating energy 

requirements [19]. In the randomized controlled trial, the method to estimate energy requirement 

and hence the prescribed calories was left to the clinical judgment of the dietitians. Therefore, 

depending on the method used, there may be measurement error in estimating the amount of 

energy prescription for individual study patients, which would have led to over and under 

estimation of nutritional adequacy.  The variation in method used to estimate energy requirement 



 

 

114 

may reduce the precision of our exposure measurements, but it is unlikely to lead to significant 

systematic bias in estimates of the effect. 

 Many exclusion criteria of the parent study were applied to only include patients who 

were likely to benefit from the therapeutic intervention for the purpose of the clinical trial. Thus, 

the generalizability of the study finding is limited. However, our study targeted the most severely 

ill ICU patients, which have been projected as the patient population that will benefit the most 

from artificial nutrition.  

 Another limitation is that there were many patients who were lost to follow-up. In 

Manuscript 1, 21% of patients were lost to follow-up by six month; in the survival analysis, these 

patients were censored at their last date known to be alive. In Manuscript 2, approximately 30% 

of six-month survivors did not respond to the SF-36. The reasons for loss to follow-up were not 

systematically recorded and it is possible that the patients either became too sick to follow-up or 

they may have fully recovered and may see the research as irrelevant to them. Multiple 

imputation was used to explore the robustness of the results. Consistent results were obtained 

after imputation, meaning that the missing data is not likely to have a significant impact on the 

results.   

5.4 Implications and Future Directions 

Our study has important implications for the planning of nutrition practices as well as 

future research. From a nutrition practice perspective, more nutritional intake (receiving 25% 

more of prescribed energy) may be associated with better long-term outcomes, particularly in the 

most severely ill patients with prolonged mechanical ventilation. We looked at nutritional 

adequacy as ‘per 25% increase’ because it has been shown to be a reasonable and achievable 

quality improvement in caloric delivery, thus it helps us to understand the implication of our 
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findings in the real world of nutrition practice. In the future development of nutrition practice, 

special attention should be given to the most severely ill patients such as those who require 

prolonged mechanical ventilation. Future research in critical care should be more cautious in 

selecting the appropriate method to account for the confounding effect of duration of exposure to 

nutrition. Future studies should also recognize that not all critically ill patients are the same in 

terms of the benefit they receive from nutrition therapy; a focus on ‘high-risk’ patients is 

important. The issue of heterogeneous patient populations should be taken into consideration by 

either including only patients at risk or stratifying the sample studied by nutrition risk. Finally, a 

randomized clinical trial to evaluate long-term outcomes of nutrition therapy is warranted to 

provide stronger evidence of the causal association.  
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Appendix A Short-Form 36 Health Survey (SF-36) 
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Appendix B SF-36 Scoring System 
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Appendix C Inclusion and Exclusion Criteria for the RCT 

Inclusion criteria: 

 

Exclusion criteria: 
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Appendix D Results of Multiple Imputation for Manuscript 2 

Table D.1 Patient characteristics according to SF-36 completion status  

 SF-36 Completion Status 

Patient Characteristics 

Completed at both 

time points 

Missing at one 

time point 

Missing at both 

time points 

Number of patients 158 (52.3%) 66 (21.9%) 78 (25.8%) 

Age, yrs 61.2 ± 14.4 58.9 ± 14.0 58.4 ± 16.2 

Female 63 (39.9%) 26 (39.4%) 36 (46.2%) 

APACHE II score 26.7 ± 6.8 27.3 ± 8.1 25.6 ± 7.6 

Functional Comorbidity Index 1.2 ± 1.2 1.3 ± 1.4 1.3 ± 1.5 

Baseline SOFA      8.4 ± 2.9 9.1 ± 3.1 8.6 ± 2.9 

Admission Category    

    Medical 110 (69.6%) 53 (80.3%) 62 (79.5%) 

    Surgical 48 (30.4%) 13 (19.7%) 16 (19.9%) 

Primary ICU Diagnosis    

    Cardiovascular 32 (20.3%) 8 (12.1%) 7 (9.0%) 

    Respiratory 40 (25.3%) 19 (28.8%) 28 (35.9%) 

    Gastrointestinal 18 (11.4%) 4 (6.1%) 7 (9.0%) 

    Sepsis 44 (27.9%) 28 (42.4%) 24 (30.8%) 

    Other 24 (15.2%) 7 (10.6%) 12 (15.4%) 

Treatment Arm    

    Antioxidants 39 (24.7%) 16 (24.2%) 22 (28.2%) 

    Glutamine 40 (25.3%) 21 (31.8%) 17 (21.8%) 

    Glutamine + Antioxidants 37 (23.4%) 15 (22.7%) 18 (23.1%) 

    Placebo 42 (26.6%) 14 (21.2%) 21 (26.9%) 

Body Mass Index, kg/m2    

    Underweight (<18.5) 1 (0.6%) 0 (0.0%) 2 (2.6%) 

    Normal weight (18.5-<25) 41 (26.0%) 20 (30.3%) 18 (23.1%) 

    Overweight (25-<30) 44 (27.9%) 21 (31.8%) 25 (32.1%) 

    Obese I (30-<35) 31 (19.6%) 14 (21.2%) 15 (19.2%) 

    Obese II (35-<40) 17 (10.8%) 8 (12.1%) 5 (6.4%) 

    Obese III (>-40) 24 (15.2%) 3 (4.6%) 13 (16.7%) 

Region    

     Canada 131 (82.9%) 53 (89.4%) 66 (84.6%) 

     Europe 3 (1.9%) 4 (3.0%) 4 (5.1%) 

     USA 24 (15.2%) 9 (7.6%) 8 (10.3%) 

Data are reported as number (%) or mean ± SD. 
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Table D.2 Mean scores of physical components of SF-36 in before and after imputation  

SF-36 Mean Scores of SF-36 

Before Imputation  After Imputation (n=302) 

Physical Functioning 3-month  42.6 ± 32.8 41.6 ± 39.3 

6-month  50.7 ± 33.7 49.2 ± 36.6 

Role Physical 3-month 35.5 ± 31.8 33.3 ± 35.5 

 6-month 52.9 ± 33.1 51.9 ± 34.7 

Physical Component 

Scale  

3-month 35.1 ± 11.1 34.9 ± 12.3 

6-month 39.5 ± 12.2 38.8 ± 12.8 

Data are reported as mean ± SD. 

 

 

Table D.3 Adjusted parameter estimates of the effect of nutritional adequacy on SF-36 

scores in 6-month survivors before and after imputation 

SF-36 Nutritional Adequacy per 25% increase 

Before Imputation After Imputation (n=302) 

Adjusted Estimate
a ,b 

 (95% CI) 

p-value Adjusted Estimate
a, 

b
 (95% CI) 

p-value 

Physical 

Functioning 

3-month  

 

7.29 (1.43, 13.15) 0.02 6.38 (0.69, 12.06) 0.03 

6-month  

 

4.16 (-1.32, 9.64) 0.14 4.68 (-1.29, 10.65) 0.12 

Role 

Physical 

3-month 

 

8.30 (2.65, 13.95) 0.004 7.89 (2.57, 13.20) 

 

0.004 

6-month 

 

3.15 (-2.25, 8.54) 

 

0.25 4.28 (-1.39, 9.94) 

 

0.14 

Physical 

Component 

Scale 

3-month 

 

1.82 (-0.18, 3.81) 0.07 1.37 (-0.7, 3.46) 0.19 

6-month 1.33 (-0.65, 3.31) 0.19 1.62 (-0.41, 3.65) 0.12 

a
The estimate provides the change in SF-36 scores for every 25% increase in nutritional adequacy. 

b
Adjusted for age, APACHE II score, baseline SOFA, Functional Comorbidity Index, admission category, 

and region. 
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Appendix E Additional Results for Manuscript 2  
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Table E.1 Patient baseline and clinical characteristics according to nutritional adequacy 

groups in 6-month survivors 

  Nutritional Adequacy
a 

 

Variable Overall 

Low  

(0-<50%) 

Moderate  

(50-<80%) 

High 

 (>-80%) 

p-

value
b 

Number of patients 302 113 (37.4%) 148 (49.0%) 41 (13.6%)  

Age, yrs 60.5 ± 14.3 59.4 ± 15.2 59.7± 14.8 62.4 ± 13.8 0.42 

Female 125 (41.4%) 35 (31.0%) 69 (46.6%) 21 (51.2%) 0.0005 

APACHE II score 26.9 (7.2%) 26.6 ± 7.5 26.8 ± 7.1 25.5 ± 7.5 0.66 

Functional Comorbidity Index 1.2 ± 1.3 1.2 ±1.3 1.3 ± 1.3 1.3 ± 1.5 0.92 

Baseline SOFA      8.6 ± 3.0 8.6 ±3.2 8.6 ± 3.0 8.6 ± 2.4 0.19 

Admission Category     0.0007 

    Medical 225 (74.5%) 64 (56.6%) 125 (84.5%) 36 (87.8%)  

    Surgical 77 (25.5%) 49 (43.4%) 23 (15.5%) 5 (12.2%)  

Primary ICU Diagnosis     0.007 

    Cardiovascular 47 (15.6%) 26 (23.0%) 15 (10.1%) 6 (14.6%)  

    Respiratory 87 (28.8%) 18 (15.9%) 50 (33.8%) 19 (46.3%)  

    Gastrointestinal 29 (9.6%) 16 (14.2%) 10 (6.7%) 3 (7.3%)  

    Sepsis 96 (31.8%) 36 (31.9%) 49 (33.1%) 11 (26.8%)  

    Other 43 (14.2%) 17 (15.0%) 24 (16.2%) 2 (4.9%)  

Treatment Arm     0.10 

    Antioxidants 77 (25.5%)      22(19.4%) 45 (30.4%) 10 (24.4%)  

    Glutamine 78 (25.8%) 28 (24.8%) 41 (27.7%) 9 (22.0%)  

    Glutamine + Antioxidants 70 (23.2%) 30 (26.5%) 34 (23.0%) 6 (14.6%)  

    Placebo 77 (25.5%) 33 (29.2%) 28 (19.0%) 16 (39.0%)  

Body Mass Index, kg/m
2
     0.04

c 

    Overall mean 30.7 ± 8.5 30.7 ± 8.0 31.3 ± 9.3 28.5 ± 6.3  

    Underweight (<18.5)
 

3 (0.4%) 0 (0.0%) 2 (1.4%) 1 (2.4%)  

    Normal weight (18.5-<25) 79 (26.2%) 27 (23.9%) 41 (27.7%) 11 (26.8%)  

    Overweight (25-<30) 90 (29.8%) 36 (31.9%) 36 (24.3%) 18 (43.9%)  

    Obese I (30-<35) 60 (19.9%) 28 (24.8%) 27 (18.2%) 5 (12.2%)  

    Obese II (35-<40) 30 (9.9%) 9 (8.0%) 17 (11.5%) 4 (9.8%)  

    Obese III (>-40) 40 (13.2%) 13 (11.5%) 25 (16.9%) 2 (4.9%)  

Region     0.12
c 

     Canada 256 (84.8%) 88 (77.9%) 130 (87.8%) 38 (92.7%)  

     Europe 9 (3.0%) 4 (3.5%) 5 (3.4%) 0 (0.0%)  

     USA 37 (12.9%) 15 (17.9%) 11 (10.2%) 3 (9.4%)  

ICU length of stay 26.0± 18.3 31.4 ± 46.1 28.0± 34.9 23.8 ± 14.5 0.16 

Mechanical ventilation 

duration 

22.9 ± 34.2 23.8 ± 39.2 23.0 ± 34.2 20.4 ± 14.0 0.04 

Data are reported as number (%) or mean ± SD. aProportion of caloric prescription received by enteral nutrition and 

parenteral nutrition over first 8 days of mechanical ventilation and intensive care unit stay; bto account for intensive 

care unit level clustering, p-values were calculated by Rao-Scott adjusted chi-squared method for categorical variables 

and the linear generalized estimating equations for continuous variable; cCategory with cell count = 0 was removed 

from the group comparison. 
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d=14.2, P=<.0001 

d=19.0, P=0.003  

0

20

40

60

80

Overall Low Moderate High

M
e

an
 S

co
re

 

Nutritional Adequacy Groups 

C. Physical Component Scale 

3-month (n=175) 6-month (n=200)

d=6.1, P=0.006 
d=3.0, P=0.02 

d=2.8, P=0.02 

Figure E.1 (A) Mean score for PF according to nutritional adequacy groups in 6-month 

survivors. (B) Mean score for RP according to nutritional adequacy groups in 6-month 

survivors. (C) Mean score for PCS according to nutritional adequacy groups in 6-month 

survivors. (Error bars indicate 95% confidence intervals of the mean score; d is the mean difference 

between three-month and six-month mean score and p-values were calculated by paired t-test.) 
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Table E.2 Parameter estimates of the effect of nutritional adequacy groups on SF-36 scores in 6-month survivors  

SF-36 Low vs. High 

(0 =< 50% vs. >= 80%) 

Moderate vs. High 

(50 =< 80% vs. >= 80%)) 

Crude Estimate
a
  

(95% CI) 

p Adjusted Estimate
a, b

 

(95% CI) 

p Crude Estimate
a 

 (95% CI) 

p Adjusted Estimate
a, b

 

(95% CI) 

p 

Physical 

Functioning 

3-month  

(n=179)
c 

-12.57 (-27.97, 2.23) 0.09 -10.76 (-26.46, 4.94) 

 

0.18 -3.04 (-17.61, 11.53) 0.68 -2.25 (-16.81, 12.31) 

 

0.76 

 6-month  

(n=202)
 c
 

-10.05 (-24.53, 4.44) 

 

0.17 -7.34 (-22.24, 7.55) 

 

0.33 -2.02 (-16.06, 12.03) 

 

0.78 -1.80 (-15.78, 12.18) 

 

0.80 

Role Physical 3-month 

(n=178)
 c
 

-17.98 (-32.53, -3.43) 

 

0.02 -16.94 (-32.31, -1.57) 

 

0.03 -6.38 (-20.43, 7.68) 

 

0.37 -5.66 (-19.94, 8.62) 

 

0.43 

 6-month 

(n=202)
 c
 

-14.58 (-28.83, -0.33) 0.05 -10.07 (-24.73, 4.59) 

 

0.18 -6.83 (-20.57, 6.91) 

 

0.33 -5.88 (-19.62, 7.86) 

 

0.40 

Physical 

Component 

Scale 

3-month 

(n=175)
 c
 

-1.94 (-7.14, 3.26) 0.46 -1.51 (-6.92, 3.90) 

 

0.58 -0.88 (-4.13, 5.88) 

 

0.73 -1.05 (-3.96, 6.05) 

 

0.68 

6-month 

(n=200)
 c
 

-3.22 (-8.50, 2.07) 

 

0.23 -1.84 (-7.23, 3.55) 

 

0.50 -0.36 (-4.70, 5.42) 0.89 -0.81 (-4.21, 5.84) 0.75 

aThe estimate provides the difference in SF-36 scores between the  nutritional adequacy groups; bAdjusted for age, APACHE II score, baseline SOFA, Functional Comorbidity 

Index, admission category, and region; 
c
n provides the number of responders for each SF-36 score. 
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