
Introduction

Frailty – a state of increased vulnerability - develops as 
a consequence of a decline in many systems that occur with 
aging; older adults living in long term care homes [LTC] are 
more likely to be frail as compared to community-living older 
adults (1). Asthma, Heart failure (HF), Chronic Obstructive 
Pulmonary Disease (COPD), depressive symptoms and chronic 
renal failure are associated with frailty (2), and survival is 
lower in frail individuals with these conditions (3). Residents in 
LTC are also a vulnerable group nutritionally; they often do not 
meet dietary recommendations for macro- and micro-nutrients, 
as well as fluid (4, 5). Poor nutrition impacts the survival 
of those who are frail (6) and may compound the effect of 
disease conditions that are associated with frailty. For example, 
being underweight is an important independent risk factor for 
mortality, irrespective of COPD stage (7). Yet, it is unclear 
if the health condition itself is the basis for inadequate food 
intake potentially resulting in unintentional weight loss, or that 
the symptoms (e.g., dysphagia) that are common with certain 
health conditions, lead to these nutritional challenges. 

There are several potential mechanisms by which specific 
health conditions associated with frailty may impair food 
intake. Breathlessness and chest tightness are symptoms of 

COPD (8); poor energy and protein intake often accompany 
these symptoms (9). Decreased sense of hunger, nervousness, 
and depression have been demonstrated to affect food intake 
in those with HF (10). Weight loss and malnutrition are also 
prevalent in those suffering from HF with right heart overload 
and intestinal congestion (11). Poor food intake, nausea, 
and vomiting are some of the factors causing malnutrition 
in chronic renal failure (12).  Functional disorders of the 
gastrointestinal (GI) system can also cause symptoms and 
distress without evidence of disease per se, such as dyspepsia, 
irritable bowel syndrome and chronic constipation (13, 14)
resulting in low intake. 

In addition to disease symptoms impacting food intake, 
several health conditions require a therapeutic diet for 
management. For example, a low sodium diet is commonly 
prescribed for HF (15, 16). However, a reduction in sodium 
intake could also lead to a decrease in total food intake (17). 
In renal diseases, nutritional therapy is important as diets can 
prevent symptoms or complications such as fluid retention (18). 
Therefore, it is important to consider any potential disease-
specific advantages of a restricted diet that may be offset by the 
potential harm related to the effect of the therapeutic diet on the 
resident’s frailty. 

Further, the additive effect of diagnoses that may promote 
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frailty (i.e., asthma, COPD, HF, depression, renal and GI 
diagnoses) and their impact on food intake should also be 
considered. Based on a well-known frailty definition, an 
accumulation of deficits is expected to lead to greater frailty 
(19). Previous research suggests that when both asthma and 
depression are present there are poorer outcomes, including 
lower quality of life and body weight (20). Severe symptoms 
of depression are also independently associated with all-cause 
mortality in patients with HF (21). Declining renal function 
might also contribute, indirectly or directly, to the development 
of HF and patients with an exacerbation of COPD are prone 
to experience a deterioration in cardiac function (22). Thus, 
when examining the impact of a diagnosis on food intake, 
comorbidity of conditions should also be considered. 

Although COPD, asthma, HF, depression, renal and GI 
diseases have been shown to be negatively associated with food 
intake, limited research has been conducted in LTC residents. 
Further, it is unclear if any association identified is independent 
of symptoms and conditions that also can contribute to or be 
a result of frailty, such as multi-morbidity, eating challenges, 
dysphagia, and malnutrition. The primary aim of this secondary 
data analysis was to investigate the current intake of LTC 
residents with chronic diagnoses of interest (i.e., COPD, 
asthma, HF, depression, renal and GI) known to be associated 
with impaired food and fluid intake. Next, this study determines 
if the influence of disease condition is independent of other 
factors such as therapeutic diets and factors that promote frailty. 
With this knowledge, the quality of life of the residents with 
these selected diagnoses could be improved with targeted, 
preventative dietary interventions.

 
Methods

Study population
This secondary data analysis was based on the Making the 

Most of Mealtimes study (M3), with a cross-sectional design 
and multi-site data collection on food and fluid intake and its 
determinants in four Canadian provinces (Alberta, Manitoba, 
Ontario, and New Brunswick). Data collection took place 
in 2015-2016 and included resident, care staff, dining room, 
and home level variables (23). A purposive sample of eight 
homes was recruited in each province (total n= 32) to obtain 
diversity in model of care, profit status, size, cultural factors, 
region, and other factors potentially influencing food and 
fluid intake. Within the homes, 20 residents were randomly 
recruited, resulting in a final sample of 639 residents as one 
resident dropped out. Eligible residents were: over the age of 
65 years; required at least 2 hours of care per day; had resided 
in the home for at least 1 month and they or their substitute 
caregiver gave written consent for inclusion in the sample. 
Residents were ineligible if they: were medically unstable; were 
temporary residents; required tube feeding; did not eat routinely 
in the dining area; or had advanced directives excluding them 
from research. Residents with food intake recorded for at least 

six meals (n=633) were included in this analysis. Ethics review 
and clearance for this study was provided by the research 
boards of the Universities of Waterloo, Manitoba, Alberta, and 
the Université de Moncton. 

The independent variables for analysis were medical 
diagnoses (mostly noted on the resident health care record) 
known to influence food intake: COPD, asthma, HF, depression 
(collected with InterRAI LTCF rating Depression Rating Scale 
(DRS) of 3 and higher (24)), renal and GI conditions. The DRS 
which is appropriate for LTC residents and is associated with 
“conspicuous depression” (24) has a score of 0-14 based on 
team member observation of depressive symptoms including 
crying, sad facial expressions and negative statements (24). 
Diagnostic data were coded to create subgroups of residents 
with each of these selected diagnoses. As well, a selected 
diagnosis multi-morbidity variable was created, defined 
as having two or more of these selected conditions, other 
comorbidity was defined as two or more other diagnoses.  

The dependent variable was food and fluid intake. Fluid was 
based on volume consumed from beverages and soups. Food 
and fluid intake for 3 non-consecutive days were recorded by 
weighing or estimating all individual food/beverage items. 
This comprised of meals and the between meals (snacks) 
for 2 weekdays and 1 weekend day. Food intake (including 
prescribed oral nutritional supplements) was analyzed with 
the ESHA Food Processor Nutrition Analysis software 
version 10.14.1 (ESHA Research, Salem, OR, USA) using the 
Canadian Nutrient File where appropriate for fortified and other 
foods specific to the Canadian food supply (23). The usual 
intakes of nutrients were estimated by adjusting 3-day average 
intakes for intra-individual variation (25). Further details 
on food and fluid intake estimation are described in the M3 
protocol (23). Absolute energy and protein intake were used in 
this analysis. The Mean Adequacy Ratio [MAR] was calculated 
to evaluate an individual’s intake of nutrients relative to their 
age/sex requirement and provides a sense of diet quality (26). 
The MAR is based on 17 nutrient adequacy ratios [NAR] for 
individual vitamins and minerals (calcium, copper, folate, iron, 
magnesium, phosphorus, selenium, vitamins A, B1, B2, B3, B6, 
B12, C, D, E [α-tocopherol], and zinc). The NAR is the intake 
of a given nutrient relative to the Recommend Daily Allowance 
(RDA) for that nutrient; percentage of the corresponding RDA 
for each nutrient is determined to a maximum of 1.0, indicating 
that the RDA for the nutrient was met/exceeded. MAR is 
determined by summing the NAR for all 17 nutrients and 
dividing by the number of nutrients assessed to obtain the 
average or mean adequacy ratio.  Micronutrient supplements 
(i.e., pills) were not included in the calculation of the NARs.

Covariates included in this analysis were: age; Body 
Mass Index (BMI) (height was estimated with an ulna 
measurement completed by a research associate (27)); 
sex; cognition (using interRAI (Resident Assessment 
Instrument) Cognitive Performance Scale (CPS, (28)); 
eating challenges as measured with the Edinburgh Feeding 
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Evaluation in Dementia Questionnaire (Ed-FED, (29, 30)); 
prescribed therapeutic diet (excluding modified texture); 
total medication usage; modified diet texture; malnutrition 
(based on PG-SGA (Patient-Generated Subjective Global 
Assessment,  B or C categories (31)), dysphagia risk, and oral 
health status affecting food intake (based on standardized 
exam completed by a trained dental hygienist based on the 
Canadian Health Measures Survey (32)).  CPS is a valid 
and reliable assessment of cognitive status (28) with scores 
ranging from 0 (intact, no cognitive impairment) to 6 (very 
severe cognitive impairment). Team members identify 
capacity of residents for decision making, making themselves 
understood, their short-term memory and self-feeding ability 
and an algorithm is used to determine the CPS score (28). 
The Cognitive Performance Scale (CPS) was categorized as 
no impairment (score < 3) or some impairment (score 3+) for 
this analysis. The Ed-FED is a 10-item scale that identifies 
frequency of common eating challenges for persons with 
dementia. This scale ranges from 10-30 and has demonstrated 
validity and reliability (29, 31); it was completed at three meals 
for each resident by research assistant observation. The first 
item of the Ed-FED, which assessed eating challenges, was 
used to describe the need for eating assistance (0= no physical 
assistance required; 1= any physical assistance required). 
PG-SGA is a valid tool (30) that assesses malnutrition and is 
growing in its use in diverse settings. The clinical ratings of 
A (well nourished), B (suspected/moderate malnutrition) and 
C (malnourished) were used rather than the numerical score 
(23). Residents were considered at dysphagia risk when they 
were prescribed thickened fluids, coughed or choked during 
mealtime observations or failed the standardized Screening 
Tool for Acute Neuro Dysphagia, a valid measure for stroke 
patients (32). Modified diet textures were grouped into two 
groups for analysis based on the International Dysphagia 
Diet Standardization Initiative (IDDSI) categorization (33):  
regular (IDDSI 7) and soft and bite-sized (IDDSI 6) was the 
reference; and minced and moist (IDDSI 5), pureed (IDDSI 4) 
and liquidized (IDDSI 3) were grouped together.

Statistical Analyses
SAS© software package version 9.4 (SAS Institute) was 

used for all analyses. Descriptive statistics included mean 
values, standard deviations, percentages, and frequencies. The 
mean and standard deviations of the average intake for energy, 
protein, fluid intake, and MAR were calculated per selected 
chronic diagnosis of interest and their multi-morbidity. T-tests 
were used to compare intake in those with and without each 
selected diagnosis; a p-value of < 0.05 was used to determine 
statistical significance. To demonstrate overlap in conditions 
that contribute to or are a result of frailty, proportions of 
co-occurrence were calculated. This was done for residents 
having each selected condition and key covariates of dementia, 
dysphagia risk, modified texture diets, prescribed diets and 
malnutrition. Multiple linear regression models examined the 

associations between diagnoses and their multi-morbidity with 
covariates for the dependent variables of MAR, fluid, energy 
and protein intake. Parameter estimates, 95% CI and the R2 (in 
supplementary table) were used to determine the variance in 
the dependent variable that is explained by the inclusion of the 
selected diagnosis in a fully adjusted model with all covariates 
included. Beta coefficients demonstrate the magnitude of the 
association between the independent and dependent variable. 

 
Results

Resident characteristics and intake
Six people were excluded from analyses who had fewer 

than 6 of 9 mealtime observations, resulting in a sample of 
n=633.  The majority of the sample was female (69%) with 
an average age of 87 ± 8 years and BMI of 25.4 ± 5.7 kg/m2 
(Table 1). On average, residents were prescribed approximately 
eight medications, and malnutrition was seen in 44% of 
residents. Of all the selected diagnoses, GI diagnoses were 
the most prominent followed by depression, 34% and 33.5% 
respectively. Asthma was the least common with a prevalence 
of 5% in the sample. On average, residents had 5 diagnoses, 
including the selected diagnoses, and approximately 71% 
suffered from one or more of the selected diagnoses. Multi-
morbidity (i.e., two or more) of selected diagnoses was seen 
in 32.7% of the residents. Of all residents, 37.8% followed 
a prescribed diet and 32.9% residents received modified 
textured food (IDDSI-categories 3-5). Of all residents assessed, 
11.1% received a pureed or liquid texture, and 10.6% received 
thickened fluids. Dysphagia risk was seen in approximately 
59% or the residents. Approximately 23% of the residents 
received physical assistance to eat during mealtimes. Oral 
health affected food intake in 49.3% of residents. As seen in 
Table 1, the average 3-day intake of all residents was 1554 
± 295 calories and 57.4 ± 13.0 grams of protein, following a 
normal distribution with a relatively large standard deviation. 
The average fluid intake was 1102 ± 383 ml and the MAR was 
0.79 ± 0.09.

Table 2 shows the frequency of co-occurrence of the 
chronic conditions of interest, as well as, dementia, dysphagia 
risk, malnutrition, modified textured foods, and any diet 
prescription. Some conditions were more prominent within 
residents with certain diagnoses. There was relatively little 
co-occurrence of the chronic conditions of interest, excepting 
for depression, which was comorbid with GI for more than 
10% of the residents with this diagnosis. Of the chronic 
conditions of interest, GI conditions had the highest proportion 
with malnutrition and dysphagia risk at 17% and 21% 
respectively. Depression was the chronic condition of interest 
with the highest co-occurrence with dementia at 20%. Modified 
texture food was most often seen in residents with dementia 
and dysphagia risk. Most prescribed diets (including modified 
texture diets) were seen in residents at risk for dysphagia. 
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Table 1
Characteristics of the residents in the Making the Most of 

Mealtimes (M3) study (n=633)

Mean (SD) /
 percentage (n)

Demographics

Age (years) 86.7 (±7.8)

Gender

  Male 31.1% (197)

  Female 68.9% (436)

Energy intake, kcal/day (n=632) 1554 (±295)

Protein intake g/day(n=632) 57.4 (±13.0)

Fluid intake ml/day 1102 (±383)

MAR (n=632) 0.79 (±0.09)

BMI (kg/m2) (n=621) 25.4 (±5.7)

Malnutrition (PG-SGA = B or C; n=632) 43.8% (277)

Any physical assistance at meals (n=629) 22.9% (144)

Diagnoses

Asthma diagnosis (n=632) 4.9% (31)

HF diagnosis (n=632) 12.8% (81)

COPD diagnosis 15.3% (97)

Depression diagnosis 33.5% (212)

Gastrointestinal diagnoses 34.0% (215)

Renal diagnosis 14.5% (92)

Total number of diagnoses 5.4 (±2.02)

Total number of residents with any selected diagnosis 71.1% (450)

Multi-morbid selected diagnosis * 32.1% (203)

Number of medications prescribed 7.52 (±3.45)

Diet

Oral health affects intake (n=564) † 49.3% (278)

Ed-FED score ‡ (n=629) 12.6 (±2.3)

Dysphagia Risk 58.9% (373)

Modified texture diet§ 32.7% (208)

Any prescribed diets, selected diagnoses (n=450) 39.8% (179) 

Any prescribed diet 37.8% (239)

* Selected chronic diagnoses of interest: Asthma, heart failure (HF), Chronic 
Obstructive Pulmonary Disease (COPD), Depression (classified as Depression Rating 
Scale of 3 and higher), GI diseases and renal diseases; † Only 564 had an oral exam 
sufficient to determine if oral health impacted food intake; ‡ Ed-FED score, based on 
the Edinburgh-Feeding score scale; scores range from 10 - 30; §  Based on International 
Dysphagia Diet Standardization Initiative (IDDSI) classification, 3-5; kcal, kilocalorie; 
g, gram; ml, milliliter

Table 3 presents the energy, protein, MAR and fluid intake 
by the selected health diagnoses of interest; very little variation 
was noted; there was a less than 100 calorie difference among 
diagnoses. HF participants had the highest energy (1586 ± 273 
calories), protein (58.4 ± 11.8 grams), fluid (1200 ± 394 ml) 
and MAR scores (0.80). Multi-morbidity either overall or with 
selected diagnoses resulted in values consistent with the group 

average. There was no statistically significant difference when 
comparing residents with and without the specific diagnostic 
groups for energy, protein, and MAR. The exception was fluid; 
a significantly higher fluid intake (p-value = 0.014) was seen 
in HF and in multi-morbidity of selective diagnoses (p-value = 
0.011).

Regression analyses
Tables 4 shows the regression analyses performed on 

the outcome variables of energy, protein, MAR and fluid 
intake with the covariates expected to affect food and fluid 
intake (34). All the models contain the same independent 
variables and details on these covariate associations can be 
found in the supplemental tables.  Covariates in the model 
that were significantly associated with energy were age, 
sex, malnutrition, Ed-FED score and eating assistance. All 
covariates were negatively associated with energy intake, 
except male sex, which was positively associated. Adding 
the selected diagnoses individually did not influence models. 
The associated covariates and their direction remained the 
same. For protein intake, the same five associations were 
observed. In addition, modified food textures showed a positive 
association with protein intake.  Selected diagnoses did not 
change the models significantly. For the MAR score, there were 
four significant associations found, namely, age, malnutrition, 
Ed-FED score and requiring eating assistance, all negatively 
associated with this diet quality outcome. Lastly, fluid intake 
showed associations with sex, any diet prescription, cognition, 
malnutrition, and sex. Both cognitive impairment and 
malnutrition had a negative association with fluid intake while 
being male and any diet prescription had a positive association. 

 
Discussion

This study looked at specific conditions of interest (e.g., 
asthma, COPD, HF, depression, GI conditions, and renal 
failure), that have the potential to negatively influence intake, 
both independently and combined, to see if these diagnoses 
were associated with the energy, protein, and fluid intake or 
nutrient quality consumed. Certainly, these analyses confirmed 
that residents in LTC have low intakes of micronutrients and 
fluid, as in previous analysis with this sample (4, 5) and by 
others (35). The results showed no significant differences 
between residents with selected diagnoses or their multi-
morbidity and those without these conditions in their energy 
and protein intake or diet quality. Significant differences 
in fluid were seen in HF and multi-morbidity of selected 
diagnoses in descriptive analyses, but were no longer 
significantly different when other covariates were assessed. 
Adjustments for covariates known to influence food intake, 
such as sex, age, malnutrition, eating challenges, food textures 
and diet prescriptions were included in this analysis, and 
several were found to be negatively associated with intake. This 
indicates that the selected diagnoses have minimal to no effect 
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on food and fluid intake when adjusting for the covariates 
included in the analysis, but more fundamental issues such as 
dysphagia risk and malnutrition do influence intake. 

Most residents in LTC are approaching the end of their life, 
and thus the lack of association between diagnosis and food 
and fluid intake can be explained in several ways.  First, to be 
included in this study, residents were medically stable. They 
were not experiencing exacerbations of their disease state, such 
as hospitalization for fluid overload in HF.  Findings could also 
suggest that these conditions were being sufficiently managed, 
such that when stable these conditions did not influence 
nutritional intake. Diets have been designed with the aim of 
improving intake while optimally managing specific chronic 
conditions (18, 15). In contrast, the finding that dysphagia 
risk, malnutrition and the requirement for modified textures 

are associated with reduced caloric intake suggest that greater 
attention to frailty is required when designing diets for LTC 
residents, and that priority should be given to improving both 
macro- and micro-nutrient and fluid intake. These conditions 
are often manifestations of advanced frailty, which for older 
adults is a more overarching health concern then specific 
diagnoses. Another explanation for a lack of effect is that the 
resulting symptoms and sequelae of these conditions, included 
in the multivariate analysis, are what explains the difference 
in food intake. For some diagnoses, but not for all (e.g., 
depression), this may be the most compelling reason for a lack 
of effect on intake (e.g., COPD and dysphagia).  Dysphagia 
risk, malnutrition and the requirement of modified textures may 
also be considered ‘end stage’ conditions; although the selected 
health conditions assessed in this analysis may lead to frailty, 

Table 2
Co-occurrence (%) of chronic conditions of interest with resident characteristics of dementia, dysphagia risk, use of prescribed 

diet, modified texture diet and malnutrition (n=633)

Diagnoses HF COPD Depression GI Renal Dementia Dysphagia risk Increased 
malnutrition 
risk

Modified 
texture food

Any prescribed diet

Asthma * 0.8 2.5 1.4 1.4 0.3 2.2 3.5 1.6 1.4 2.4

HF * 3.2 3.6 6.0 2.9 4.6 8.7 5.7 2.5 6.7

COPD 5.1 6.6 2.8 6. 1 10.1 6.7 4.7 6.0

Depression† 10.7 4.7 20.2 18.0 15.7 10.1 12.3

GI 6.6 18.0 20.9 16.8 10.1 14.9

Renal 7.6 9.0 6.5 4.1 7.4

Dementia (CPS) ‡ 33.1 30.2 26.0 19.8

Dysphagia risk 28.5 21.5 23.1

Increased malnutrition risk (PG-SGA) 21.2 16.8

Modified texture foods§ 11.7

* Contains missing values † classified as Depression Rating Scale 3 or higher; ‡CPS score of 3 or higher indicates moderate to severe cognitive impairment; §  Based on International 
Dysphagia Diet Standardization Initiative (IDDSI) classification, 3-5. COPD, chronic obstructive pulmonary disease; HF, heart failure; GI, gastro-intestinal diseases; PG-SGA,  Patient-
Generated Subjective Global Assessment; CPS, Cognitive Performance Score.

Table 3
Mean energy, protein, MAR intake and fluid intake by diagnosis in the Making the Most of Mealtimes (M3) study (n=633)

Diagnosis Energy [kcal/day] Protein [g/d] MAR Fluid [ml/d]
Asthma (n=31) 1570 (236) 57.7 (8.8) 0.80 (0.05) 1181 (394)
COPD (n=97) 1541 (303) 56.4 (13.1) 0.78 (0.09) 1167 (400)
HF (n=81) 1586 (273) 58.4 (11.8) 0.80 (0.08) 1200† (394)
Depression (n=212) 1555 (316) 56.9 (13.7) 0.78 (0.10) 1079 (386)
GI diseases (n=215) 1539 (297) 56.6 (12.3) 0.79 (0.08) 1113 (387)
Renal diseases (n=92) 1553 (304) 57.1 (13.3) 0.79 (0.08) 1137 (411)
≥2 selected diagnoses * (n=203) 1564(305) 57.5 (13.0) 0.79 (0.08) 1158† (400)
Multi-morbidity (any two diagnoses; n=624) 1552 (295) 57.4 (13.1) 0.79 (0.09) 1101 (381)
* Selected chronic diagnoses of interest: Asthma, HF, COPD, Depression (classified as Depression Rating Scale or 3 or higher), GI diseases and renal diseases; COPD, chronic obstructive 
pulmonary disease; HF, heart failure; GI, gastrointestinal diseases; † is below P = 0.05; kcal, kilocalorie g, gram; ml, milliliter
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the conditions of dysphagia and malnutrition demonstrate the 
presence of frailty. 

Limitations
This study is not without limitations.  Residents who 

volunteered and were recruited were medically stable. 
Furthermore, if they were unwell on a day of food intake 
data collection and could not come to the dining room, their 
observation was cancelled for that day and picked up at a 
later point while data collection occurred in the home. This 
may have overestimated the observed food intake for health 
conditions prone to exacerbations, as all of the residents were 
medically stable.  Although rigorously collected, food intake 
was collected for only 3 days and there are known errors 
with nutrient analysis (36). Thus, intake data was only an 
estimation. This was a cross-sectional study, and assessing 
intake longitudinally would give a better indication of how a 
chronic health condition influences food intake. To prevent 
over-parameterization, potential covariates at the staff or 
environment level (23), were not modelled. This is justified 
because prior analyses for the M3 study have demonstrated 
resident level variables to have the greatest impact on food 
intake (34).

Conclusion

This is the first study that investigated the association of 
specific diagnoses and multi-morbidities with fluid, energy, 
and protein intake, as well as, diet quality in LTC residents. 
The analyses demonstrated low diet quality. In addition, it 
demonstrated that the chronic diagnoses of interest do not 
have a significant influence on the food intake of residents 

and that the conditions were not independently associated with 
nutritional intake. Eating challenges, such as dysphagia risk or 
malnutrition have a greater impact on food and fluid intake and 
are likely reflections of advanced frailty. These data suggest 
that ensuring the stability of chronic conditions may help 
optimize caloric intake and that designing diets for LTC should 
focus more broadly on addressing the needs of the nutritionally 
vulnerable and frail resident.  
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