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Abstract   39 

Background/Aims:  Malnutrition is common after stroke. We investigated the impact of 40 

environmental enrichment strategies on dietary intake and rates of malnutrition in an acute stroke 41 

unit.   42 

Methods:  We performed a before-after study. In standard care, meals were delivered to participants’ 43 

rooms whilst in the enriched environment, communal meals with assistance were offered and 44 

nutritional intake reminders were placed at the patient bedside. Nutrition supplementation was 45 

provided to both groups if indicated. Breakfast and lunch meals were directly observed while 46 

remaining intake was calculated using food charts. Nutrition requirements were calculated for energy 47 

(ratio method), protein (1g/kg) and proportion of requirements met.  Malnutrition was assessed using 48 

the Subjective Global Assessment and body weight. ANCOVA adjusting for stroke severity was used to 49 

determine between group differences. Stepwise multivariable logistic regression was performed to 50 

assess predictors of nutritional outcomes, adjusting for intervention group, demographic, clinical and 51 

baseline nutritional factors.   52 

Results:  Neither standard care (n=30, age 76.0yrs ± SD12.8) or enriched environment (n=30, age 53 

76.7yrs ± SD12.1, p=0.84) met daily requirements for energy (70.7% ± SD16.8 vs. 70.7% ± SD17.3, p= 54 

0.94) or protein intake (73.2% ± SD18.6 vs. 69.8% ± SD17.3, p= 0.70). Mean body weight dropped: 55 

standard care 0.92kg ± SD2.47 vs. enriched 0.64kg ± SD3.12 (p=0.53) and malnutrition increased: 56 

standard care 3.3% to 26.6% vs. enriched 6.6% to 13.3% (p=0.07). Predictors of malnutrition on 57 

discharge in logistic regression models were: length of stay (p<0.01) and protein (p<0.01) or energy 58 

intake (p=0.02). 59 
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Conclusions:  Acute stroke patients were not meeting nutritional requirements and losing body 60 

weight. The enriched environment showed no effect on nutritional intake. Malnutrition was 61 

associated with lower energy and protein intakes and increased length of stay.  62 

Keywords  Stroke; nutrition; nutritional intake; enriched environment, malnutrition, acute stroke unit 63 
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Introduction 80 

Stroke is the third leading cause of death in western societies and a leading cause of disability (1, 2). In 81 

those who survive a stroke, the physical, cognitive and emotional impacts are considerable and 82 

interventions which enhance recovery are required. Poor nutritional status in acute stroke patients is 83 

associated with higher post stroke complications and poorer long term outcomes (3-7). Additionally, 84 

improvements in nutrition intake after stroke has been correlated with greater functional outcomes in 85 

early and rehabilitation phases (8-11). 86 

Malnutrition is associated with increased morbidity and mortality, hospital costs and length of 87 

stay (3-5, 7, 12-14) with studies revealing its prevalence in an acute stroke setting ranging from 6 -62% 88 

(15). Decline in nutritional status post stroke is multifactorial, with deficits such as hemiplegia, 89 

dysphagia, cognitive changes and mood disorders negatively impacting nutritional intake in an acute 90 

stroke setting (16-20). The multitude of factors that contribute to poor nutritional intake post stroke 91 

suggests that simple approaches may be inadequate and novel interventions may be required to 92 

successfully improve malnutrition in the acute phase post stroke.   93 

Interventions to mitigate the impact of malnutrition in the acute stroke setting have primarily 94 

focused on nutrition supplementation or enteral feeding (9, 21-27) with insufficient evidence to 95 

support routine supplementation to improve nutrition intake or outcomes in acute stroke patients 96 

(21, 22). Early enteral feeding is associated with reduction in risk of death, however it is used primarily 97 

in dysphagic patients unable to swallow (28). Other strategies to improve oral nutrition intake are 98 

required. Interventions such as protected mealtimes and mealtime assistance for acute medical 99 

inpatients have been trialled and show mixed results (29, 30). 100 

An enriched environment is a novel intervention that creates a stimulating environment. In 101 

animal studies the enriched environment refers to housing conditions that provide physical, cognitive 102 
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and social stimulation (31). Environmental enrichment in rodents has shown to have a positive impact 103 

on physical recovery, learning, mood and cognition (32). We have recently investigated embedding an 104 

enriched environment within the acute stroke unit. The enriched environment a) created a 105 

stimulating environment using communal areas for dining, socializing and group activities and access 106 

to stimulating resources; b) empowered patients and families to drive their own activities; and c) used 107 

change management strategies to support staff in changing work routine (33). The effects of an 108 

enriched environment that focused on elements of encouragement, stimulation and assistance to 109 

stroke survivors to enhance nutritional intake is not yet explored. Hence, the primary aim of this study 110 

was to determine if embedding environmental enrichment that altered the way nutrition was offered 111 

and encouraged would result in improved nutrition intake in stroke survivors in an acute stroke unit. 112 

The secondary aim was to determine if the enriched environment strategies would reduce 113 

malnutrition in the acute phase after stroke.  114 

Methods 115 

This is a sub-study of a prospective observational before- after study.  The main study showed that an 116 

enriched environment in an acute stroke unit increased physical, social and cognitive activity levels in 117 

stroke survivors (34). The study was conducted in a regional Australian hospital between June 2014 118 

and June 2015 in accordance with the Declaration of Helsinki. Ethical approval was obtained from 119 

Metro North Hospital and Health Service, The Prince Charles Hospital (TPCH) Human Research Ethics 120 

Committee (HREC) approval number HREC/14/QPCH/21 and The University of Queensland (UQ) 121 

Medical Research and Ethics Committee (MREC) approval number MREC/2014000371. The study was 122 

prospectively registered with the Australian New Zealand Clinical Trial Registry 123 

(ANZCTR12614000679684). 124 

 125 
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Participants and Setting 126 

The study was conducted in an acute regional hospital in Queensland, Australia. The Acute Stroke Unit 127 

(ASU) is an endorsed stroke unit with 470 stroke admissions per annum and an in-hospital mortality 128 

rate of 17%. Acute stroke patients were consecutively enrolled to the study. We first enrolled 129 

participants to a control group who received standard care. Following completion of standard care, an 130 

enriched environment was embedded in the ward over a six week period.  Subsequent enrolment of 131 

participants to the enriched group occurred. Participants were advised that the study aimed to 132 

determine the effect of an alternative rehabilitation model and were blinded to group allocation. 133 

Written informed consent was obtained from the patient or their substitute decision maker.  134 

Eligibility  135 

Eligibility criteria included: (1) admitted to the ASU within 24–72 hours after onset of stroke 136 

(ischaemic or haemorrhagic), (2) able to transfer from a bed to chair with the assistance of two 137 

persons or less, (3) able to follow single stage commands, (4) require assistance for basic activities of 138 

daily living, (5) independent prior to admission (self-report) based on a Functional Ambulation 139 

Category score ≤4 and a modified Rankin Score (mRS) of 0-2. Exclusion criteria included rapidly 140 

deteriorating conditions or extensive psychiatric history, due to potential impacts on eating 141 

behaviours and nutritional intake. To allow for observational data collection, stroke survivors were 142 

excluded if discharge from the ASU was likely to occur within two days of admission. There were no 143 

specific nutritional factors in the inclusion or exclusion criteria.  144 

Intervention 145 

The standard care cohort received usual ward based dietetic care in line with the Australian Stroke 146 

Foundation clinical guidelines for stroke management (35). Every stroke patient was assessed for 147 

malnutrition, monitored for adequacy of intake and provided with supplementation or enteral 148 
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nutrition as required. Main meals were delivered three times a day with a drinks trolley providing 149 

tea/coffee and biscuits three times daily between meals. Mealtime assistance was provided 150 

individually by nursing staff or assistants in nursing at the bedside where required. This was 151 

communicated by a red tray system highlighting patients requiring assistance due to physical or 152 

cognitive deficits.  A normal texture diet and fluids provided 8305 kilojoules and 87 grams of protein 153 

while a texture modified diet provided 9097 kilojoules and 109 grams of protein. The texture modified 154 

diet provides higher kilojoule and protein as some food items on this diet code such as the porridge 155 

and soup are fortified by the hospital foodservice due to the higher risk of poor oral intake amongst 156 

dysphagic patients.  157 

The intervention cohort received usual ward based dietetic intervention as well as stroke care 158 

in an enriched environment. The enriched environment altered the approach to delivery of nutrition 159 

in the following ways: 1) Communal mealtimes in a ward based dining room which included 160 

communal breakfasts on three weekdays and lunch meals on all weekdays. All patients were 161 

encouraged to attend communal meals on a voluntary basis, and patients who required nutrition 162 

assistance or encouragement were actively scheduled to attend. A trained allied health assistant and 163 

assistant in nursing were present during communal mealtimes and assisted participants with meal set-164 

up, encouraged self-feeding and adequate intake. Full feeding assistance was also provided in this 165 

setting if required. 2) Activity cards were placed on the patient bedside to highlight nutrition priorities 166 

and empower participants and family members to manage their own nutritional intake. The activity 167 

cards contained targeted feeding strategy advice such as consuming protein portions of meals first, 168 

encouraging intake of supplementation if prescribed, documentation of assistance or supervision 169 

required for meals, use of tools such as plate guards to enhance intake and/or swallowing strategies 170 

that may assist with fatigue during meals. 3) Volunteer nutrition nurse champions were appointed in 171 

order to encourage staff to complete food charts correctly, assist with mid meal supplementation 172 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
where required and advocate participant attendance to communal dining. Across both groups staffing 173 

levels were the same and monitored daily to ensure that staffing levels was not a confounder to 174 

result. 175 

Outcomes Measure/ Data Collection  176 

Baseline measures were gathered on admission and included demographics, stroke clinical features 177 

and classifications using the Oxford Stroke Classification and National Institute of Health Stroke Scale 178 

(NIHSS) (36, 37). Stroke severity was classified by NIHSS on admission: <8 (mild), 8-16 (moderate) and 179 

>16 (severe) (or day 1 if thrombolysed). 180 

The primary outcome measure was nutritional intake. Individual nutrition requirements were 181 

calculated using the ratio method (100-125kJ/kg body weight/day or 125-145kJ/kg body weight/day if 182 

malnourished) (8, 38, 39). Consistent with previous research, protein requirements were based on 183 

1g/kg body weight/day for well nourished stroke patients, 1.2-1.5g/kg body weight/day for 184 

malnourished patients and between 0.75-1g/kg body weight/day for renal impairment (Chronic 185 

Kidney Disease Stage 3-4) (13). Body weight was adjusted for overweight/obese patients: ((Actual 186 

body weight – Ideal body weight) x 0.25) + Ideal body weight. Adequacy of intake was expressed as a 187 

percentage (intake/requirements x 100) for both energy and protein.  188 

Nutrition intake was determined via mealtime observations in which visual estimations of 189 

proportion of meals consumed (e.g. ¼, ½, ¾, all) was used. The ward dietitian collected data over 190 

breakfast and lunch on weekdays and trained nutrition assistants collected data for these meals on 191 

the weekend. Food charts completed by trained nursing staff were used to collect the remaining data 192 

on dinner and mid-meals snacks and/or supplementation. The ward dietitian and nursing staff utilised 193 

the same visual estimation method for quantifying food and fluid intake. The quantity of foods, drinks 194 

and supplementation consumed was converted into energy (kJ) and protein (grams) by the ward 195 
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dietitian. This was calculated based on the hospital ready reckoner according to diet codes, sourced 196 

from food supplier nutrient information and foodservice audits. If a participant was nasogastrically 197 

fed, fluid balance charts were kept which allowed accurate calculation of energy and protein intake. 198 

Data was collected on six days of the week from Monday to Saturday from admission until discharge 199 

from the ASU. The day of participant discharge was not included in the analysis as intake was 200 

calculated on a daily basis and participants were discharged prior to consumption of all meals for that 201 

day. Data collection was ceased if the primary treatment intent for a participant was changed to 202 

palliative. Data was classified as missing when food charts were incomplete and participant meal 203 

consumption was unable to be determined. 204 

To ensure accuracy in data collection, the dietitian conducted education sessions prior to the 205 

control period with supplemental education by nutrition nurse champions throughout both data 206 

collection periods. This involved training of nursing staff and nutrition assistants to visually estimate 207 

portions of food and drinks (¼, ½, ¾, all) consumed by the participants. In addition, posters were 208 

developed and placed in the ward to reinforce this training. Estimated energy and protein intake using 209 

visual estimations has previously been validated against weighed food intake records in acute care 210 

settings (40, 41).  211 

Malnutrition was assessed via the Subjective Global Assessment (SGA) tool by the ward 212 

dietitian on admission and discharge from the ASU.  The SGA classifies malnutrition using scores of A 213 

(well nourished), B (mild/moderately malnourished) and C (severely malnourished). It includes 214 

assessment of body weight, nutritional intake, gastrointestinal symptoms, functional capacity and a 215 

physical examination for fat and muscle stores and has proven to have a high degree of inter-observer 216 

agreement with a kappa score of 0.78 (42). Participants’ body weights were recorded on admission 217 

and discharge by a blinded assessor. All patients were reviewed by a speech pathologist to assess 218 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
swallow function and diagnose the presence of dysphagia. Dietary modifications were classified as: 219 

full diet (normal), textured modified, nil by mouth or enteral feeding. 220 

Statistical Analysis  221 

Where appropriate, continuous normally distributed variables are described as mean (SD), non-222 

normal variables are described as median (IQR) and categorical or binary variables as the number of 223 

events (%). Depending on the data distribution, either a two-sample two-tailed t-test for normally 224 

distributed data or a Wilcoxon ranksum test for non-normal data were performed. For normally 225 

distributed paired data, paired t-tests were performed rather than unpaired t-tests. For non-normal 226 

paired data, the Wilcoxon signed-rank test was performed rather than the Wilcoxon rank-sum test 227 

(=Mann-Whitney U-test).  Proportional data were analysed using a Fisher’s Exact Test. A one-way 228 

analysis of co-variance (ANCOVA) adjusting for NIHSS was performed to determine differences in 229 

energy and protein intake between standard care and enriched environment groups. Additionally, 230 

ANCOVA was performed between sub groups for mild, moderate and severe participants. Stepwise 231 

multivariable logistic regression was used to determine predictors of nutritional outcomes, adjusting 232 

for intervention group, age, gender, stroke type and severity, length of stay, admission weight, and 233 

dietary modification. Statistics were performed using IBM SPSS statistics for Macintosh version 24.0 234 

(IBM Corp., Armonk, N.Y., USA) and STATA V15.1 (StataCorp., College Station, TX., USA). Significance 235 

was set at p<0.05. 236 

Results 237 

Participants 238 

From 23
rd

 of June 2014 till the 14
th

 of February 2015 (excluding the 6 weeks period of implementation 239 

for the enriched environment) we screened 195 people with suspected stroke. We enrolled a total of 240 
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32 participants to the standard care group (2 participants were withdrawn) and 30 to the enriched 241 

environment group. See flow of participants in Figure 1. 242 

 243 

Figure 1. Flowchart describing participant eligibility and recruitment. LOS Length of Stay, mRS modified Rankin 244 

Scale, ASU Acute Stroke Unit. 245 

 246 

Demographic and clinical characteristics of the participants were similar between the standard care 247 

and enriched groups (Table 1). A total of 232 days of data and 510 individual meals were evaluated in 248 
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the standard care and 152 days and 402 individual meals in the enriched environment group. Missing 249 

data was low for both groups: standard care 3.4% and the enriched group 2%. Fidelity monitoring of 250 

communal breakfast and lunch meals showed that all meal group sessions occurred during the 251 

enriched environment period. There were significantly more days of enteral feeding in the standard 252 

care group compared to the intervention group (58 vs 20 days, p=0.01). Length of stay was longer in 253 

the standard care group (12.0 days SD ±7.4 vs. 9.7 days SD ±5.7, p=0.02).   254 

Table 1. Baseline Characteristics 255 

Characteristic, n (%) or mean ±SD Standard Care  

n=30 

Enriched Group 

n=30 

p value 

Age 76.0±12.8 76.7±12.1 0.84 

Gender Male 17 (56.7)         22 (73.3) 0.18 

Stroke type Ischemic 27 (50.0) 27 (50.0) 1.00 

Stroke side Left 20 (66.7) 18 (60.0) 0.60 

NIHSS  8.50±6.5 7.80±5.8 0.66 

Stroke severity  

    Mild 

    Moderate 

    Severe  

 

17 (56.7) 

9 (30.0) 

4 (13.3) 

 

18 (60.0) 

9 (30.0) 

3 (10.0) 

 

0.74 

1.00 

0.66                                                                                                

Initial body weight (kg) 78.4±15.3 82.1±18.2 0.53 

Initial SGA (% malnourished) 1 (3.3) 2 (6.6) 0.56 

Dysphagia 16 (53.3) 10 (33.3) 0.12 

NIHSS: National Institute of Health Stroke Scale; SGA: Subjective Global Assessment                                         256 

Energy and protein intake 257 

When nutrition was expressed as a percentage of requirements met, neither standard care nor 258 

enriched environment group met daily requirements for energy or protein (Table 2). 259 
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Table 2. Proportion of energy and protein requirements met (% requirements met ±SD all participants)  260 

% requirements met ±SD Standard Care n=30 Enriched Group n=30 p value 

Total energy (%) 70.7 ± 16.8 70.7 ± 17.3 0.94 

Total protein (%) 73.2 ± 18.6 69.8 ± 17.3 0.70 

 261 

When enteral feeding participants were excluded from the dataset similar results were seen (Table 3). 262 

No significant differences were found between groups in mean energy intake: standard care 5805kJ ± 263 

1435 vs. enriched environment 6042kJ ±1225: p=0.52, and protein intake standard care 53.8g ±13.5 264 

vs. enriched environment 53.0g ±10.9: p=0.87. 265 

Table 3. Proportion of energy and protein requirements met (% requirements met ±SD enteral feeding 266 

participants excluded)  267 

% requirements met ±SD Standard Care n=26 Enriched Group n=27 p value 

Total energy (%) 69.3 ± 16.5 70.2 ± 18.3 0.88 

Total protein (%) 77.1 ± 18.6 76.9 ± 18.6 0.94 

 268 

Energy and Protein intake – subgroup analysis 269 

After whole group comparisons, we compared data from each group according to stroke severity. 270 

Mild stroke patients (NIHSS <8) in the standard care group (n=17) showed higher, though non-271 

significant, energy and protein intake as compared with the enriched group (n=18) (Energy 76.4% 272 

standard care vs 69.8% enriched, p=0.23; Protein 77.9% standard care vs 68.0% enriched, p=0.08). 273 

Conversely, in moderate stroke patients (NIHSS 8-16) the enriched environment (n=9) showed higher 274 

energy and protein intakes compared with standard care (n=9), which approached significance for 275 

energy intake (Energy 63.7% standard care vs 76.8% enriched, p=0.055; Protein 66.2% standard care 276 
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vs 77.3% enriched, p=0.11) (Table 4). Severe stroke patients (NIHSS >16) showed slightly greater 277 

energy and protein intake in the standard care group compared to the enriched environment (see 278 

Table 4) however patient numbers were small (n=4 vs. n=3).  279 

Table 4. Proportion of energy and protein requirements by stroke severity  280 

                               Stroke severity  Standard Care (%±SD)  Enriched Group (% ±SD)      p value 

Energy    Mild              76.4 ± 14.4 69.8 ± 15.7 0.23 

    Moderate     63.7 ± 13.7 76.8 ± 15.2 0.06 

   Severe   62.5 ± 26.5 57.7 ± 29.5 0.83 

Protein    Mild             77.9 ± 18.0 68.0 ± 16.6 0.08 

    Moderate   66.2 ± 14.5 77.3 ± 16.2 0.11 

   Severe  68.6 ± 27.6 57.7 ± 20.8 0.61 

Mild: n=17 standard care, n= 18 enriched group; Moderate: n=9 standard group, n=9 enriched group; Severe: 281 

n=4 standard care, n=3 enriched group 282 

Malnutrition 283 

Mean body weight dropped in both groups (Table 5). Malnutrition rates increased from admission to 284 

discharge from the acute stroke unit: standard care (3.3% to 26.6%) and enriched (6.6% to 13.3%). 285 

The absolute difference was 23.3% and 6.7% which was not significantly different between the two 286 

groups (p=0.07). 287 

Table 5. Malnutrition as assessed by the SGA and weight changes 288 

Variable N (%) or mean ±SD Standard Group Enriched Group p value 

Discharge weight (kg) 77.5±15.3 81.5±18.0 0.62 

Weight change (kg) -0.92 (2.47) -0.64 (3.12) 0.53 

Discharge SGA- malnourished (%)  8 (26.6) 4 (13.3) 0.20 

SGA: Subjective Global Assessment 289 
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Predictors of malnutrition on discharge using logistic regression models showed that length of stay 290 

(p<0.01), and protein (p<0.01) or energy intake (p=0.02) were independently associated (Table 6).  291 

Table 6. Predictors of malnutrition on discharge 292 

Predictor variable Odds Ratio (95% CI) p value 

Model #1      Length of stay 

                       Protein intake 

1.60 (1.11, 2.31) 

0.89 (0.81, 0.98) 

0.01 

0.01 

Model #2      Length of stay 

                       Total energy intake 

1.51 (1.09, 2.08) 

0.88 (0.79, 0.98) 

0.01 

0.02 

Note: Two logistic models were developed. The first (#1) used protein intake as a predictor and the second (#2) 293 

used total energy intake. This was done because the two predictors were highly correlated (R = +0.94) 294 

Discussion 295 

The study aimed to investigate the effect of enriched environment strategies that altered the 296 

approach to nutrition care on intake and malnutrition rates in the acute stroke unit. We observed that 297 

despite adequate food provision, neither standard care nor enriched environment groups met their 298 

nutrition intake requirements for total energy or protein. Malnutrition rates increased and body 299 

weight decreased for both groups from admission until discharge. Weight loss was secondary to 300 

inadequate nutrition intake, with regression models demonstrating the link between protein and 301 

energy intake and rates of malnutrition. Although both groups appeared to have lost <1kg overall, 302 

standard deviations reflect that some patients lost greater amounts of weight whilst others may have 303 

gained weight. Results show non-significantly higher rates of malnutrition were observed on 304 

discharge in the standard care group. Regression models showed that in addition to energy and 305 

protein intake, length of stay was also an independent predictor of malnutrition.  306 

Our study provides the most comprehensive data reported regarding nutritional intake within 307 

the acute stroke setting.  Although malnutrition in the stroke population has been widely investigated 308 
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(6, 7, 9, 12, 13), there is limited data about nutrition intake amongst this population (10, 11, 20, 43). 309 

Perry (20) found that acute stroke patients met 60% of estimated average energy requirements, 310 

although this study only included participants with communication impairment and utilised a one day 311 

food record only. Nip et al. (11) found that 33% of patients met less than 50% of their requirements 312 

and only 10% of patients met ≥100% of their estimated daily requirements, however data was 313 

observed on only one day within the first two weeks of acute stroke unit admission. Our study 314 

collected daily intake data across the complete admission period in the acute stroke unit (ASU) with a 315 

minimum length of stay of 2 days to a maximum of 25 days, therefore allowing comprehensive 316 

depiction of patient intake fluctuations.  317 

In a study investigating nutritional intake in acute stroke patients, Foley et al. (43) found that 318 

patients consumed 80-91% of their energy and protein requirements, markedly higher than the 71% 319 

overall intake in our study. There are a few possible explanations for these differences: firstly, the 320 

differences in eligibility criteria. Our study recruited patients from well nourished to malnourished 321 

whereas Foley et al. (43) included only well nourished patients who may be expected to have higher 322 

nutritional intake than pre-morbidly malnourished patients. Secondly, our study collected data on all 323 

meals and snacks on every day (except Sundays) of the patient’s acute inpatient stay whereas Foley et 324 

al. collected data on days 1, 7, 11, 14, and 21 of admission, which may not represent fluctuations in 325 

nutrition intake in the acute phase. Our study used estimated equations to determine nutrition 326 

requirements whereas Foley et al. (43) used indirect calorimetry, a gold standard for estimating 327 

nutrition requirements which measures resting energy expenditure multiplied by a determined 328 

activity factor. Indirect calorimetry produces greater accuracy in determining energy expenditure in 329 

comparison to predictive equations, hence, the energy per kilogram ratio method used in our study 330 

may have underestimated individual energy requirements. 331 
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The intervention of communal mealtimes did not significantly impact nutrition intake overall 332 

with results similar between standard care and the enriched environment. Standard care included 333 

bedside mealtime assistance by nursing staff although anecdotally, this is sporadic and frequently not 334 

timely. When data was analysed for subgroups (mild, moderate and severe stroke patients) the effect 335 

of the enriched environment showed most benefit to moderate-severe stroke patients.  Mild stroke 336 

patients did not show greater nutritional intake within the enriched environment. Total length of stay 337 

for this subgroup is shorter when compared with moderate and severe stroke patients (34), providing 338 

less opportunity for the enriched environment to have impact. Additionally, mild stroke patients 339 

suffer less physical and cognitive deficits that would impact on their nutrition intake (44, 45). In 340 

contrast, moderate stroke patients who recovered within the enriched environment showed a trend 341 

toward improved energy and protein intake. These patients frequently suffer sensorimotor deficits, 342 

neglect (44), dysphagia and altered level of consciousness (16) which all contribute to reduced 343 

nutrition intake. Severe stroke participants in our study showed higher energy and protein intakes in 344 

the standard care group compared to the enriched group, which may be explained by the higher 345 

percentage of enterally fed severe stroke patients in the standard care group.  346 

Provision of communal mealtimes was the main strategy that altered the approach to 347 

nutrition care for acute stroke patients within the enriched environment. As research has consistently 348 

shown that stroke patients are alone and inactive in an acute stroke unit (46), communal mealtimes 349 

provided the opportunity to increase socialization, encourage sitting upright for meals, enhance 350 

independence in eating, and provide assistance in nutritional intake if needed. Furthermore, dining in 351 

communal areas stimulates physical activity as patients are frequently mobilized to and from meals 352 

on the ward (47) which consequently may link to stimulation in appetite.  353 

Protected Mealtimes (PM) is an intervention designed for acute inpatients to reduce 354 

unnecessary interruptions during mealtimes and to provide assistance to those patients unable to eat 355 
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independently (48). A meta-analysis of PM for acute adult inpatients found no effect of PM on energy 356 

and protein intake (29), however some aspects of the PM intervention such as mealtime assistance 357 

have shown to increase energy and protein intakes in adult inpatients (30, 49, 50). PM was designed 358 

to be carried out at the patient bedside however some studies have included designated dining rooms 359 

which may better reflect the enriched environment setting. PM studies that included designated 360 

dining areas reported that communal dining improved energy intake, had positive effects on 361 

wellbeing, socialization and feelings of togetherness and in turn supported the rehabilitation process 362 

(51-53). Although our study did not show the effect of improved energy intake for all subgroups of 363 

patients, other positive effects explored in prior PM studies such as socialization and improved 364 

wellbeing may have resulted. Individual patient preference for eating in a dining room versus eating 365 

alone at the bedside was not explored. Further qualitative research is recommended to understand 366 

individual preferences with regards to communal mealtimes in acute stroke patients.   367 

Future studies investigating nutrition intake in stroke patients may need to include patients’ 368 

perception of strategies to increase intake and avoid malnutrition. Lastly, our study used nutritional 369 

strategies that were offered across all participants. Future studies may tailor strategies to individuals 370 

based on their need for assistance, supervision and support in moderate to severe stroke patients or 371 

those with a high risk profile such as decreased cognition and poor appetite. 372 

Limitations 373 

This study is a sub-study from a wider enriched environment trial, which was powered to determine 374 

differences in activity levels across both groups. As a result, the study was not designed specifically or 375 

powered to detect significant differences between groups for nutrition intake therefore sample size is 376 

a limitation of the study.  Lack of blinding was also a limitation. Our study was conducted 377 

pragmatically on the acute stroke ward with research staff involved in provision of rehabilitation and 378 
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the first author involved in nutrition data collection. In addition, no formal assessment of inter-rater 379 

reliability of meal intake observers was conducted after education of staff. However, meal intake 380 

photo posters (e.g. showing ¼ meal consumed and its corresponding food chart information) and 381 

nurse champions were used to continuously support staff on a day to day basis and aimed to 382 

minimize differences in nutrition intake records.   383 

The use of estimated requirements could be considered another limitation of the study. 384 

Indirect calorimetry is considered the most accurate way to measure energy requirements but has 385 

limited availability in clinical settings. The guidelines for estimating equations are ambiguous in acute 386 

stroke patients. However, they use conservative calculations which suggest stroke as a non-387 

hypermetabolic disease state (38, 39, 54). Our calculations therefore may be considered conservative 388 

in terms of energy expenditure, so if the acute phase post stroke did induce catabolism as suggested 389 

by Chalela et al. (54), our participants may have met even less of their estimated requirements than 390 

suggested in our results. We estimated protein requirement at 1g/kg bodyweight/day which again is a 391 

conservative estimate of the amount required to maintain positive protein balance (13, 55). 392 

Our study’s strength is the large amount of observational data collected over the acute 393 

inpatient episode with few missing data. We included observation of all meals, snacks and 394 

supplements from participant admission to discharge providing comprehensive data on nutritional 395 

intake in stroke patients in the ASU.  Most previous studies that investigated nutritional intake in 396 

stroke or general medical patients calculated nutritional intake from data collected over a 24 hour 397 

period or extrapolated nutrition intake from consumption of one meal per day (11, 20, 56, 57). 398 

Therefore, this study provides more robust findings regarding nutritional intake across the whole 399 

acute stroke admission and is the first to investigate the effect of communal dining on nutritional 400 

outcomes in the acute stroke population. 401 
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Conclusion 402 

It is striking that in both groups stroke survivors only achieved approximately 70% of their nutrition 403 

requirements showing that nutrition intake early after stroke is poor. Our study has demonstrated 404 

that this is associated with a high risk of developing malnutrition early post stroke indicating a need 405 

for effective strategies to ensure sufficient intake to mitigate the effects of malnutrition. An altered 406 

nutrition approach using an enriched environment incorporating communal mealtimes and nutritional 407 

care support may benefit nutrition intake in acute stroke patients with moderate deficits, but further 408 

study is required to confirm this.    409 
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