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ABSTRACT 

The objective of this thesis was to describe food intake patterns in 

institutionalized seniors with advanced cognitive impairment Energy intake between- 

individuals, monitored over 7 days in 19 patients, was relatively homogeneous, however, 

intake within-individuais remained quite variable. A greater voportion of variance svas 

observed from within-individuds relative to that fiorn between-individuals for energy, 

and on average, 2 1 days were required to estirnate the usual energy intake for individuals. 

Supplement intake was not found to have a positive effect on protein intake, nor was 

there strong evidence to support that supplements were increasing energy intakes. No 

consistently well-consumed meaf could be identifiai for ail individuals in the group. 

Contrary to careçivers' subjective observations, there was no relationship found between 

intake and variability at the level of daily intake. Finally, there was some inconsistent 

evidence of intake regdation beîween rneals, which could have resdted in the relatively 

stable daily energy intakes. 
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INTRODUCTION 



1. INTRODUCTION 

Malnutrkion and unintentional weight loss are both common occurrences in the 

eider1 y population in general, and are particuiarly prevalent in the inst i tut ionald elderly 

(Nelson, Coulston, Sucher and Tweng 1993; Silver, Guillen, Kahl and al. 1993; Ryan, 

Bryant, Eleazer, Rhodes and Guest 1995; Roubenoff, Giacoppe, Richardson and Hof£inan 

1996). Furthemore, *thin the institutionalized, those with Alzhieimer's Disease (AD), 

or those who are more fûnctiody dependenc are at an even higher risk for malnimition 

(Silver, Morley, Strome, Jones and Vickers 1988; Lipschitz 1991; Cohen, Goid, Shuiman 

and Zucchero 1992; Kerstetter, Holthausen and Fitz 1992). Whîle this situation has been 

recognized for some tirne, clear effective strategies to help reduce the prevalence of 

malnutrition and weight loss bave not yet been developed 

A grasp of hdamental intake pattems, which may be unique to this population, 

is required to begia teasing out what may be occurring in regards to malnutrition and 

weight loss. A basic understanding such as this could give insight into more effective 

a p proac hes for feeding strategies and nutdional interventions for these individuals. At 

the very least, this research c m  provide the beginnings of some directions For these 

approaches through using evidence based practice in regards to information on pattems of 

intake. Currentiy, there is no in-depth understanding of the intake pattern of these 

individuals. Thus, this in-depth study was undertaken to explore the patterns of intake 

and variability in a group of AD patients with advanced disease progression, and 

swal lowing disorders. 

The main objective of this thesis was to understand and describe the intake 

pattems of this population, in part, through the examination of  patterns of within- and 



between-individual varïability. Thus, to tùlfill the main objective of this thesis, the 

nature and magnitude of within- and betweea-individuai variarion was examined- This 

information was used to both descn'be fimdarnental iutake patterns, such as the pattern of 

variability of intake across meals, and the nature of food intake, and to provide insight for 

approaches to feediag practices and interventions. 





2. LITERATURE REVIEW 

2.1 Prevaleoce of Malnutrition in Institutionalued Elderly 

It is well known that the elderly are at a higher risk for malnutrition than younger 

populations. While pwr nutrÏtion statu as well as unintentionai weight loss are both 

commonly reported in the elderly population, these are particularly prevalent in the 

in~t i~onal ized  elderly (Nelson et al. 1993; Silver et al. 1993; Ryan et al. 1995; 

Roubenoff et al. 1996). hdeed, it has been reported that W h  of the institutionalized 

elderly population are at sigm-ficantly greater risk of becoming malnourished than are the 

fiee-living elderly. For example, in the free-living elderly population, less than 5% 

experience low body weight and/or adipose tissue stores, whereas, in the institutionalized, 

the incidence of these conditions is 10 to 1 5 times greater (Kerstetter et al, 1992). 

Estimates of the prevalence of malnutrition in the insti-tutionalized elderly population 

range from 10% to 85% (Kerstetter et al. 1992; Keller 1993; Nelson et al. 1993). This 

wide range most likely reflects the use of varying cnteria to determine malnutrition, as 

wel1 as reflecting both the differences in patient populations and the types of facil ities 

thernselves (Kerstetter et al. 1992). Thus, the heterogeneity of the elderly population, as 

represented by the wide range of prevalence estimates, highlights the difficulty of 

investigating and devising solutions to the problem of malnutrition in the institutionalized 

elderiy. As the proportion of elderly individuals in the population is increasing and 5% 

of this elderly population wuil1 become insti~ionalized (Kerstetter et al. 1992; Nelson et 

al. 19931, understanding contrïïutors to malnuirition in the institutional setîing is 

becoming of incteasing importance. 



2.2 Malnutrition in bstitutiodized Ekleriy with Abbeimer's D W  

Within the institutional setîhg, the more hct ional ly  dependent patients are at an 

even higher nsk for malnutrition, than those who are less dependent, and this group 

rnainly consists of those with cognitive impairment (Silver et al. 1988; Lipschitz 199 1 ;  

Cohen et al. 1992; Kerstetter et al. 1992). indeed, a main impetus for uisn'tutionaiization 

of patients suffenng from dememia is the fùnctional dependence that is present, such as a 

dependence upon feeding assistance (Chenoweth and Spencer 1986; Hu, Huang and 

Cartwright 1986; Siebens, Trupe, Siebens, Cook, Anshen, Hanouer and Oster 1986). It is 

estimated that approximately 60% of elderly institutionalited individuals have sede 

dementia (Litchford and Wakefield 1987), the most cornmon k i n g  senile dementia of the 

Alzheimer's type (Atzheimer's Disease o r  AD) (Li tchford and Wakefield 1 987; Singh, 

Mulley and Losowsky 1988; Bucht and Sandman 1990; Kerstetter et al. 1992). 

Furthemore, weight loss and undernutrition have been found to be associated with 

dementia (Keller 1993). 

Clinical observations commonly indicate that weight loss is seerningly inevitable 

in the later stages of AD (Claggett 1989; Franklin and Karkeck 1989; Gray 1 989; Buch? 

and Sandrnan 1990; Kerstetter et al. 1992)- In fact, results have indicated that AD 

patients tend to lose more weight and are thimer than elderly with other diagnoses 

including multi-infarct dementia (MID). For example, in one study, (Singh et al. 1988) it 

was found that AD patients weighed an average of  14% less than MID patients. 

Furthemore, nutritional deficiencies and undemutrition, in general, are major concems in 

AD patients. For example, upon examination of the death certificats of  AD patients, 

(Chandra, Bharucha and Schoenberg 1986) it was found that "nutritional deficiency" was 



listed significantly more oflen as a secondary diagnosis for AD patients than in elderly 

patients with other diagnoses. Additionally, a study of demented patients, (Sandman, 

Adolfsson, Nygren, Hallmans and Winblad 1987) reported that 50% were found to have 

protein-energy malnutrition. in this same study, it was also found that the patients with 

AD weighed more on admission and subseqwntly lost more weight during their stay in 

the hospital than did the patients with MID. Thus, studies have shown that weight loss, 

nutritional deficiency and proteiwnergy malnutrition are prevalent in the 

institutionalized Alzheimer population making nutritional status an important area of 

concen for research with AD. 

2.3 Poteatial Causes of Malautrition in Institutioaalized Elderly with AD 

There are several theones as to the cause of malnutrition in this population group 

such as metabolic changes/disturbances, and low intake. Lo w intake may be amibuted to 

such factors as diminished appetite regdation or simply p r  feeding practices 

(originating with either the patient or the caregiver, or both). However, none of these 

theones have been shown to be definitive causes of mainutrition in this population group. 

The cause is likely multifactorial and dependent upon the individual, the caregivers and 

the institution. However, the main area of wncern seems to center around whether the 

malnutrition and weight loss in this population are due to the efTects of 

institutionalization or to the disease itself (Franklin and Karkeck 1989; Bucht and 

Sandman 1990). In other words, is malnutrition in institutionalized elderly with cognitive 

impairment preventable, at least to some degree (e-g-, management issues in regards to 

feeding), or is it simply an inevitable componem of this disease? 



In order to inveçtigate the impact of instihbiodization on nutritional starus, one 

snidy (Nelson et al. 1993) described the nutritional stahts of elderly patients at the time of 

their admission to the facility. Anthropometric and biochernicai masures were w llected 

to determine nutritional status. They found that the route of admission was the strongest 

predictor of decreased nuiritional status. That is, those patients admitted fiom acute care 

facilities were significady more mahourished than those admitted from home. Thus, a 

greater prevalence of mdnutrition in the instktionalized popdation, may partialiy be the 

resul t of a relocation of patients, who are already mal nourished, fiom acute-care facilities 

to long-term care centres. However, also of consideration in these individuals is that it is 

possible that an acute episode (e-g., a serious fall) occurred in the home, and subsequcntly 

they were admitted to the acute care facilities fiom home prior to institutionalization. 

If institutionalization itself was a cause of malnutrition, one would expect to find 

a relationship between length of stay and malnutrition, while generaily, this finding has 

not been reponed. For example, at least 4 studies, (Keller 1993: Asplund, Axelsson and 

Norber 199 1 ; Singh et al. 1988; Sandrnan et al. 1987) found no relationship between 

length of stay and malnutrition. This evidence supports the notion that 

institutionalization, in and of itself, is not necessady a cause of malnutrition. 

2.3.1 Intake 

Low intake has k e n  postulated as one of the possible causes of malnutrition in 

this group of individuals. Low intakes could corne about through the effects of 

institutionalization and/or as a result of the disease itselfl, either physiologically through 

metabolidenergy expenditure alterations or çecondary to behaviour alterations fiorn the 

disease ( e g ,  decline of feeding abilities such as holding or even recognizing feeding 



utensils). However, resuits in the literature are inconsistent as to the relatioaship between 

intake and malnutrition, and Iow intake has not been clearly demonstrated to be a 

de fini tive cause of malnutrition in this group. 

Malnutrition in the institutionalized elderly may result fiom alteratioas in nutrient 

requirements especidly when coupled with a decreased energy intake- This decrease in 

energy intake codd be due to either decreased basal metabolisni which usually 

accompanies aging andlor due to a decline in energy output that is cornmon in 

institutionalized patients (Sandman et al. 1987; Lipschitz 199 1 ). While there is a 

reduction in energy requirements with aging due to decreased basal metabdism andor 

decreased energy output, there is no curent evidence of a decrease in other nutrient needs 

with age. Indeed, nutrient requirements for protein, calcium and most other nutrïents are 

the same or even higher in the elderly than in younger populations. Lower nutrient 

intakes resulting Corn lower energy intakes may make the elderly particularly susceptible 

to the development of serious nutitional deficiencies, especialiy if there is a m e r  

decline in energy intake or an increase in the requirement for nutrients as a result of a 

disease state (Lipschitz 1991 ). Nutrient deficiency is an extremely important issue in this 

population, and needs to be acknowledged at this point. However, the discussion of 

malnutrition herein is Iimited in scope to protein-energy malnutrition (PEM). 

For those in an institution, any reduction in energy intake may compromise the 

body's reserves to the point that deterioration in nutritional status would result fiom even 

a minor pathological stress (Lipschitz 1 99 1 ). Additionally, for these elderly, just 

consuming enough food rnay be a major challenge. This could be contributed to by a 

Iack of avaiiable personnel to assist in the feeding of patients, dietary restrictions that are 



inappropriate or unnecessary, as well as food that is unappetizing to  the patient (Goodwui 

1989). 

In institutionalized elderly in general, dmgs, p r  dentition, diminished, or loss 

of, taste and meI l  (dysgeusia), xerostomia, and dyspbagia can d l  contribute to the 

manifestation of malnutrition through altering intake (Lipschitz 199 1; Kerstetter et al. 

1992). As well, depression and cognitive impairment are also associated with decreased 

intak-e and are loiown risk factors for malnutrition and weight loss in this population 

(SiIver et al. 1988; Kerstetter et al. 1992). 

In those who are institutionalized and have AD, it has been suggested that the 

weight loss that is common in these individuais may be due to reduced intake and 

increased physiological activity (Litchford and Wakefield 1987). In those with cognitive 

impairment, such as AD, inadequate intake may be due to behavioural aspects associated 

with the disease such as a lack of interest in eating, loss of memory, or diminished 

judgement. Also contnbuting to aitered intake rnay be agitation, psychosis, and 

de pression, which often occur with cognitive impairment (Litchford and Wakefield 1987; 

Sandman et al. 1987; Franklin and Karkeck 1989). 

In addition to this, the dependence of individuals on feeding assistance may 

contribute to malnutrition. For example, a pilot study (Hu et al. 1986) found, in the 

institutionalized patients with a high level of cognitive impairment, that the time spent 

feeding the patients was 18 minutes per day, while in the patients at home, time spent 

feeding was 99 minutes. Perhaps the extra time spent feeding at home explains the Iower 

incidence of malnutrition in that group cornpared to the idMional ized group. 

Furthemore, an examination of non-institutionalized individuais with AD, (Du, DiLuca 



and Growdon 1 993) found that the ability to self-feed, as measured by components of the 

Blessed Dementia Scale and questions related to daily living adVities, was significantly 

associated with weight loss. These authors M e r  point out, however, that the absolute 

weight loss was, on average, only 3% of initial body weight. Thus, individuals not 

receiving feeding assistance at home may be becoming malnourished before it is noticed 

that they require assistance. They may at this point be admitted to long-term care, while 

those who have individuals around them who can assist, du not enter the institution or 

enter later at a point when the care becornes too much for the wegiven.  

Currently, there is uncertainty regarding the cause of the weight loss and a 

definitive cause of the mainourishment and weight loss in this population has not yet 

been determined. Even within more broad popuiations, there is a large portion of 

unexplainable weight loss. For example, in a study examining 9 1 patients in a medicai 

center (Maton, Sox and Krupp 198 1) (mean age = 59 .3~ ;  range = 42y - 77y), it was 

found that 35% of the cases of involuntary weight loss they examined had no explainable 

physical cause. Another study (Lipschitz 199 1 ) reported that, in approximately 25% of 

elderly subjects, the etiology of the weight loss is unknown; an obvious c a w  c a n o t  be 

determined- Thus, often there is no distinct identifiable cause of the weight loss 

observed. However, it is also possible that decreased levels of activity will result in loss 

of lean body mass, which could result in weight loss even if individuals are consuming 

adequate energy (Lipschitz 199 2 ). indeed, studies have not been able to correlate low 

intake with malnutrition- For example, in a previously mentioned study (Singh et al. 

1988) where the patients with AD weighed an average of 14% less than the patients with 

MID, the authors found that this weight loss could not be explained by either 



malabsorption or a negative energy balance. Malabsorption was rneasured through faecai 

fat tests, which were done on those who were considerad to have adequate intake and still 

did not put on weight, as well as on some control subjects. Biochemical measures as well 

as the anthropometric measures, md-arm circumference, biceps and aiceps skinfolds, 

were used to detemine nutritionai status and fat-fiee mas.  Food intake was assesseci by 

a questionnaire given to nursing staff, which used two scores: one to assess feeding 

difficulty, and the other to assess appetite. 

Dietary intake data quite often indicate that energy intakes are adequate. For 

exarnple, a review of 14 nursing home surveys (Rudrnan and Feller 1989) found that 

whiIe 30 to 66% of residents had low adipose tissue stores, only 5% to 18% actually had 

low energy intakes based on the energy intake estimates of the studies examine& Energy 

intakes were considered to be low when they fell below the recommended daily 

a1lowance (RDA). Another study (Sandman et al. 1987) reported that 50% of the 

institutionalized demented patients in their study (n=44) had protein-energy malnutrition, 

even with seemingl y adequate daily energy intakes (mean=2059 kcal + 333), thus energy 

intake did not strongly predict the level of malnutrition. Malnutn-tion was rneasured 

through the combination of % "normal" weighf as determined by Swedish weight-height 

tables, triceps skinfold thickness, arm muscle circumference, plasma-albumin, senun- 

trans fem-n, and preal bumin measures. The diet was on average 1 6.4% protein, 26.5% fat, 

and 57.0% carbohydrates. Swedish National Food Administration reconunendations 

were used to determine adequate intakes for al1 nutrients. Furthemore, a study 

examininç patients with senile dementia (Burns, Marsh and Bender 1989) found that the 

patients with senile dementia, fiom two long-stay psychogeriatric wards, weighed less, 



but had a higher energy, protein, vitamin and minerai intake, than age-matched controls. 

Dementia was assessed using the Hachinski scale, anthropometrïc and biochemical 

measures were used to indicate nutritionai status, and 3 days of weighed dietary intake 

data, collected on randomly selected individuals from each of the groups measured, were 

used to estimate intake. 

13ere are some problems with these studies, however. For example, Singh et al. 

and Burns et al. did not distinguish between levels of cognitive mipairment for the 

Alzheimer group. As discussed previously, there are di fferent eating behaviours 

associateci with the different levels of impairment with AD, and these can affect intake 

differently for each level. For example, a study of institutionalized Alzheimer's patients, 

(Steele, Greenwood, Ens, Robertson and Seidrnan-Carlson 1997) found that those with 

rnild to moderate cognitive impairment had lower intakes than those with severe 

cognitive impairment- Thus, by treating Alzheimer's patients as a homogeneous group 

and not taking the different levels of cognitive impairment into account, a relationship 

between intake and malnutrition could be suppressed. 

In addition to this, the measurement of dietary intake in these studies may not 

adequately reflect the usual intake of the individuals. For example Bums et al. used 3 

randorn days of dietary intake and Sandman et al. w d  2 periods of 5 consecutive days of 

intake. While 3 days of random intake may adequately reflect the average energy intake 

of groups of 13 or more, it does not necessarily reflect the intake of the individual. Nor 

do 3 days of intake necessady reflect the average intake of the other macro- a d o r  

micro- nutrients for either groups or individuals (Basiotis, WeIsh, Cronin, Kelsay and 

Mertz 1987; Dyer and Greenwood submitted). The effect here, would be to mask any 



relationship that rnight be present between ïntake and malnutrition (Liu, Stamler, Dyer, 

McKeever and McKeever 1978). Furthemore, Burns et al. did not collect intake data 

from al1 of the individuals in the groups king  examined, includùig the coatrols. 

Moreover, the use of consecutive days of intake does not likely represent long 

term inîake patterns. It wouid be more likely to represent only the pattern in the period 

collected due to incomplete sampling of longer tenn patterns (Tarasuk and Beaton 

19Wb)- Thus, if the interest is in extrapolating to usuai intake fkom consecutive days of 

intake, particularly from a low number such as 5, the resulting estimate is not likely to be 

adequately reflective of usual intake of the individuais. Again, any relations hip between 

the two variables rnay be masked due to inadequate reflection of usual intake- 

The Sandman study, however, would certainly be encouraging if the high intakes 

they recorded for the institutionalized Alzheimer's patients (median intake = 1894; range 

= 1745 - 2728) were a clear reflection of their tme usual intakes. This is due to the fact 

that these are very hi& intakes for this population, as indeed is acknowledged by the 

authors of that study. It codd be that the high intakes reported in Sandman et al. are a 

reflection of better feeding management. This is certainly a possibility, however, it 

cannot be overlooked that, in this study, the caregivers thernselves recorded the food 

intake. It is impossible, in such a situation, to ascertain the effect this might have had 

with regards to the staff putting in extra effort to obtaïn higher intakes. Due to these 

limitations, it cannot presently be concluded that there is no relationship between low 

intake and malnutrition as the above factors may be contniuîing to masking its presence. 



23.2 Infection 

Infection has been purported to play a role in the lack ofevidence for a stronger 

relationship between diet md clinical measures of mdnutntiom For example, in a 

previousIy mentioned study (Sandrnan et al. 1987), the level of malnutrition correlated 

with the number of infectious iIlnesses that patients experienced in the previous 6 

months. Another midy (Stahelin, Hofer, Vogel, Held and Seiler 1983) reported similar 

findings and conclusions in those with wgnitive impairment Due to the presence of a 

cycle that often develops between malnutrition and irifections, it is difflcult to separate 

the two into which is the original cause and which is the effect This issue is discussed 

further in the Tonsequences of Mal nutrition" &on. 

2.4 Consequences of Malnutrition 

Among the institutionalized elderiy who are nuûïtionaily compromised, high rates 

of infection md decreased wound heaiing occu. secon- to protein and energy 

malnutrition (Keller 1993). Additionally, there is a higher risk of developing fevers, and 

pressure sores. In addition to delayed wound healing there is an association between 

malnourishment and impaired immune response, resulting in a higher risk for morbidity 

and mortality (Franson, Duthie, Cooper, Van Oudenhover and Hoffmann 1986; 

Pinchcofsky-Devin and Kaminski 1986; Rudman, Mattson, Nagraj and Caindec 1987; 

Sullivan, Patch, Walls and Lipschitz 1990; Nelson et al. 1993). Patients with 

Alzheimer's disease have a decreased Iife expectancy compared to age- and sex- matched 

controls, and infections and cachexia are the most common causes of death (Gray 1989; 

Bucht and Sandman 1990). If left untreated, malnutrition will eventually lead to death 

(Keller 1 993). 



2.4.1 In fectioas 

Fifieen to 20% of insàtutionalized patients have some type of infection at any 

given point in time (Garï'baldi, Brodine and Uatsumiya 198 1 ; Katz 1 989). niere is an 

association between infections and such serious nutntional consequences as inadequate 

intake of solid foods, decreased absorption and greater catabotic breakdown (Scrimshaw 

199 1 ). Due to resufting catabolism, infections can be a factor in the loss of body weight 

in the elderly. This is important as weight loss is a strong predictor of mortafity in the 

institutionalized elderly (Ryan et al. 1995). 

Infections can negativdy affect nutritional status in a number of ways, such as 

through a reduction in appetite, diminished absorption of nutrients, fever and greater 

catabolic loss. The clinical significance of the effects of infection would be impacted by 

the nutritional status of the individual prior to the onset of infection, the individual's 

intake during the infection, and especiaily the diet during the recovery period, as well as 

the nature of the infection itself It is important to note, however, that generally, one 

infectious episode alone is not what d w s  the damage. Rather it is the presence of 

recurrent infections, especially without adequate recovery time in behveen, that has the 

effect on the nutritional status of the patient. Moreover, an individual who is poorly 

nounshed will likely have decreased resistance to infections, thus more infections. Each 

infection will cumulatively contribute to fuaher diminishing the nutritional status of the 

individual, if the diet is not adequate for recovery in between, again reducing resistance 

to infection (Scrimshaw 199 1 ). So, while infection can be a cause of malnutrition, 

malnutrition also contributes to risk of infection. 



Thus, a cycle often develops between infdon and malnutrition. The rate of 

infection nses as the level of cognitive fiuiction is reduced (Garibaldi et al. 1 98 1 ; 

Franson, Duthie, Van Oudenhoveo and H o b  1986), and appropriate increases in 

nutitional intake are necessary to aid in recovery from the catabolic consequences o f  

infection. Unfortunately, an elderly patient who has significant functional and/or 

cognitive impairment may find it dificult to consume enough food to repair damage and 

replenish stores. It is possible that this codd be due to diminished physiological 

compensatory responses and/or simpty due to the physicai limitations, which could 

prevent a high enough intake from k i n g  consumed which would allow a full recovery. 

The effect may be one of diminished nutritional and health statu, leaving the patient 

more susceptible to future infections whic h wodd r d t  in progressive1 y diminishing 

nutritional statu of the patient (Ruciman and Feller 1989)- 

2.4.2 Pressure Sores 

Pressure sores or decubitus ukers are of concern in this popdation as they are 

associated with art increased risk of  death that is four times that of geriatric patients 

wi thout pressure sores. An average death rate for patients with pressure sores is 23 to 

3 7%. The incidence rate of the sores is estimateci to be I 1 % of institutionalized elderly. 

The major predictor of pressure sores is irnmobility, however, nutritional factors have 

also been demonstrated to be related to pressure sores. in immobile individuals with 

these sores, the presence of protein-energy malnutrition (PEM), is common (Pinchcofsky- 

Devin and Kaminski 1986). Malnuirition was assessed using rneasures of s e m  

albumin, retinol binding protein, transthyretin (serum prealbumin), total lymphocyte 

count and energy. 



The development of these sores, as well as tbe fdure of the pressure sore to heal, 

have been associated with the protein content of the diet and deficiencies in zinc and 

vitamin C (Lipschitz 199 1 ). In a study of nursïng home residents (n=232), (Pinchcofsky- 

Devin and Kaminski 1986) the association between markers of nutritional status and 

pressure sores were examined Ail of the patients who had pressure sores were severely 

malnourished and these patients const i~ed 7.3% of the study population. Furthemore, 

the authors fomd that those patients who were not mainourished, and even those who 

were mildly to moderately malnoun-shed did not present with pressure sores. Senun 

albumin levels were the most predi-ctive of the development of pressure sores in their 

study. 

2.5 Intake patterns of Iastitutionalized Alzheimer's Patients 

Given the prevalence of malnutrition and its consequences in this population there 

is a clear and urgent need to understand its causes. This wodd allow for the developrnent 

of feeding practices and nuûitional interventions which are based on an understanding of 

the etiology of malnutrition, as well as an understanding of the fundamental intake 

patterns, in this population. Furthemore, with this understanding, there may be the 

potentiai for intervention prior to the onset of weight loss. However, as has been 

discussed previously, to date there has been no identification of definitive causes of 

malnutrition in this population. Despite this, low intake has not ken effectively ruled 

out, and it remains valid to suspect low intake as an integral component in the 

development of malnutrition. Perhaps the relationship has thus far been masked by other 

factors (e-g., infection). Thus, in order to get at the true nature of the relationship 

between intake and malnutrition in this population, if it is indeed king masked, it is 



necessary to first have a clear understanding of their intake patterns- These pattems may 

yield information that could contribute to identifjing those at risk, and they can be 

examined through the investigation of between- and withùi-individuai variation (Tarasuk 

and Beaton 199 1 ; Tarasuk and Beaton 1992a). That is, the intake patterns of this 

population can, in part, be revealed through exarnining the vacîability in intake, within- 

and between-individuais, acmss days and across meals. A description of variability, and 

its reflection of intake pattern, follows, dong with a description, and discussion of the 

l iterature, of a common method of describing variability. 

2.6 Within- and Between-Individual Variation 

Estimations of usual energy and nutrient intake, of both inâividuals and groups, 

are commody used as a means of assessing nutrient adequacy, as we11 as in examining 

associations between diet and some other variable(s) in experimentai protocols. These 

estimations of usual intake are generally extrapolate. fiom information provided by 24-hr 

recalls or 1 or more days of dietary records (Hunt Leonard, Garry and Goodw-n 1983). 

Essentially, actual intake from 1 or more days is averaged, and this average is then taken 

to represent intake over a longer penod of time than that actually measured- 

Estimates of usual intake of a group or population are affecteci by the relative 

magnitude of the two components of vwiability: ( 1) individuals' day-to-day variation 

(within-individual variation); and (2) the extent of difference between individuals 

(between-individual variation). A small within-individual variation, in proportion to 

between-individual variation, facilitates a more representative estimation of usual dietary 

intake of a group, as there will be Iess error around the mean. On the other hanci, a 

relatively iarge within-individual variation renders such classification of intake more 



difficuit- Thus, a source of error in these estimates of usual intake results fkom vanation 

in individuals' food intake fiom &y-to-day. There are two components in the day-to-&y 

vanation, with one king measurement error, and the other king the individual's mre 

day-today variability in intake. These two cornponents combine to form the total day-to- 

day variation in intake, which is recognized as the intra-individual or ~ithin-individual 

variation (depicted by an individuai's variance or standard deviation around hisher mem 

intake) (Tarasuk and Beaton 1992 b). 

Despite the fact that day-today variability has been generally regarded as random 

rneasurement error for statistïcal purposes, it is important to recognize that a portion of 

within-individual variation is, in fact, due to fluctuations caused by ,rue day-to-day 

variation in the intake of individuals. indeed, using the Beltsville database (Mertz and 

Kelsay 1 984) containing 365 days of die* intake data for 13 men (22-49y) and 16 

women (20-53 y), it was demonstrated (Tarasuk and Beaton 1 99 1 ; Tarasuk and Beaton 

1992a) that individuals maintain characteristic ranges ofday-to-day variation in intake. 

Additionally, these authors showed that this tme variation is unique to the individual, 

persists over tirne, and represents an individual's intake patterns. Thus, the within- 

individual variance estimate for energy and nutrient intake could be viewed, essential 1 y, 

as an indicator of food intake andor food selection to the degree that it represents frue 

day-to-day variability in intake. Thus, an examination of this van-ability, has the potentid 

to yield information regarding intake patterns of a population, and perhaps individuals 

within a population. 



2.6.1 Va~aca+Ratio W-ratio) 

In the estimation of  a group mean intake, the within-individual variation around 

the group mean consists of the mean of the variances of ail of the individuds in the 

group. This mean of individuais' variances is known as the pooled estimate of  the 

within-individual variation for the group. The other cornponent of van-ability, the 

between-subject variance, depicts the difference between individuals' intakes, and it is a 

single point estimate. The total associated with the group mean is represented 

when the p i e d  estimate of within-individual variance is combined with the between- 

subject variance (Tarasuk 199 1 ). 

Many studies examine the extent of the difference between the within- and 

between-subject variance, as refiected by the variance ratio (V-ratio), as a means of 

describing the components o f  variability for the populations of interest. The V-ratio is 

determined by first partitioning the total variance into within- and between-individual 

variances. Secondiy, using the pooled estimate of the within-individual variance, the 

ratio of within- to between-individual variance (V-ratio) is caiculated as foilows: within- 

individual variance / between-individual variance. For example, a V-ratio with a value of 

2 would indicate that the within-individual variation is 2x the size of the between- 

individual variation. in other words, proportionally speaking, more of the totai variation 

of the group is due to difierences in individuals' intakes from day-to-day, in cornparison 

to between individuals' intakes. Conversely, a V-ratio of less than 1 would mean that the 

contribution of the within-individual variance to the total variability is smaller relative to 

the contribution of the between-individual variance. This would indicate that individuals 



in such a group would have low variance in their day-to-day intakes (stability in day-to- 

day intake), in comparison to the ciifferences in intakes between individuais. 

The V-ratio changes notably depending on which nutrient is k i n g  examined For 

example, nutrients which are more cornrnonly present in the food supply and/or are in 

foods more habitually consumed by the population of  interest (e-g., energy in al1 foods or 

protein in many foods), would be represented by a low ratio. This is due to a relatively 

Iow within-individual for those nuîrients. In comparison, nutnents that are in 

fewer foods in the food supply, but in high concentrations (e-g., cholesterol in eggs or  

vitamin A in carrots), would have a higher ratio (Beaton, Milner, Corey, McGuire, 

Cousins, Stewut, de Ramos, Hewitt, Grambsch, Kassim and Little 1979; McAvay and 

Rodin 2 988; Tarasuk 199 1 ). Generally, nutrient intake varies more fiom day-today for 

some individuais, and less for others. However, &y-to-day variability in intake for 

energy would usually be less than for vitamin A, for example, across ail individuals 

resulting in a lower V-ratio for energy than for vitamin A. 

2.7 Variability in Free-Living Versus Insititotioaalized Elderly 

2.7.1 Youaeer Pooulations 

Studies have investigated the V-ratio for energy (as well as other nut"ents) and 

generally the value is greater than i (Sempos, Johnson, Smith and Gif Iigan 1985; Nelson, 

B lack, Morris and Cole 1 !Mg), indicating that, proportionally, the within-individual 

vanance is usually at least as large as, or larger than, between-individual variance in its 

contribution to total variance (see Table 2.1 for swnmary of characteristics, and results 

for V-ratios for energy, of studies used for comparison). More specifically, a nudy 
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which examïned women only (Sempos et al. 1985) ( 15 1 k - l i v i n g  participams with aa 

average of  19 nonconsecutive days of intake/subject over a two year period; 1 &y food 

records; mean age 52.5; range 3 5 - 6 5 ~ )  found a ratio of 1 -6 for energy. Nelson et al, 

examined 6 studies containing both men and women, which used a variety of food intake 

data collection methods: 7 4  weighed consecutive, and 20- and 4 0 4  non-consecutive. 

Subjects were fke-living, with an age range o f  15 mo. - 86y. There were 325 aduits 

(women n=208; men n=l17) (age 18-864.)- 320 children (age 5-1 7y), and 2 ?l tociders 

(age 15 mo.-4y). In addition to the findings that most V-ratio values for energy were 

higher than 1 (except for duit males which had a ratio of 0.9), they aiso found 

consistently higher values for females than maies: toddlers 1.5 (females and males 

combined); children: t -9 (males), 2.2 (fendes); addts: 0.9 (males), 1.4 (females), 

respectively. Similarly, Beaton et al. (1 979) also found a higher V ratio for energy in 

women (1  -4)  than men (1 .O) (60 participants; aged 25-44y; 6 non-consecutive days of 

intake data; 24hr recal1s)- 

2.7.2 Elderlv Po~ulations 

Unfortunately, the Nelson et al. study, in the previous section, did not distinguish 

between younger and older adult populations in order to compare the V-ratio between 

these age groups. However, comparing the ratios fiorn Sempos et al., Nelson et al., and 

Beaton et al. as described above, to studies examining the free-living elderly, it seems 

that the free living elderly (both men and women) have a somewhat lower V-ratio for 

energy than the younger populations descnbed above. For exarnple, a study examining 

220 subjects who were al1 above the age of 62y (McAvay and Rodin 1988) (mean age = 

72; 4 x 24hr recalls taken bimonthly) found a V-ratio o f  0-70 for men and 1 -2 1 for 



women. Another study by Ahtuwalia & Lammi-Keefe (Ahluwalia and LammiKeefe 

199 1 ), exarnined 18 k - t i v i n g  elderly individuals (aged 64-89; 3 non-consecutive 24hr 

recalis at 6 week intervals) and found a 0.95 V-ratio for energy. V-ratios were not 

calculated according to gender. Hunt et al. (1 983) examined 50 free-living elderly 

subjects (mean age=72y; 3 consecutive days of food records) and found variance ratios of 

0.97 for men and 0.83 for women for energy. InterestUigly, thik was the only smdy ( froo 

both the younger or older popuiations) to find a lower V-ratio for energy in women 

compared to men. In generai, it is not clear if any apparent ciifference in the ratios in any 

of these populations is tmly significant as they are single point estimates with no error 

around the values, thus there is no established method of cornparhg them. Furthemore, 

differences in the observed V-ratios could be reflective of differences in data collection 

methods used in the various studies. 

As noted, the previously menîioned studies are based on free-living subjects. The 

only one to examine institdonalized seniors (Borrelli, Sirnonetti and Fidnaza 1992) 

examined the consumption of whole foods, rather than of individual nuaients, and did not 

report V-ratios. The focus was on determining the nurnber of days required to obtain an 

estimate of intra- and inter-individual variance, and their conclusion was that a few days 

was adequate to obtain this information for their population of interest. This finding 

would imply that their elderly imtitutionalized population displayed a somewhat low 

within-individual variation. 

2.8 Problem Formulation 

Clearly, white investigations to date of intake patterns have examined intake 

vanability for a wide range of age groups inciuding the eldedy, there is a scarcity of data 



for the elderly instituti-oua1ized popuiatioa Evaluating the nutritional needs of the 

institutionalized elderiy with cognitive impairment, and devefoping methods for feeding 

practices and nutritional interventions, without a clear understanding of the intake 

patterns of the population of interest, has the potential to reduce the effectiveness of the 

methods king developed a d o r  implemented in effect, without examining and 

docurnenting the intake patterns of this population, rnethods of strategies and 

interventions may be irnplemented based on perceptions of needs rather than based on 

evidence. 

Understanding the patterns of intake of the institutionalized elderly with AD, at a 

fundamental Ievel, woufd allow for the development of strategies for interventions which 

are more consistent with their disease progression. Therefore it is the main objective of 

this study, to begin to understand and descn i  patterns of intake in the current 

population. In order to do so, this study will examine the nature and magnitude of 

within- and between-individual variability in intake, for energy, the rnacronutrients, and 

water, at both the total daily intake level, and at the meal Ievel, and determine the 

im pl icatio ns for interventions and feeding practices in this population. The secondary 

objectives wre to: ( 1 ) determine the magnitude of variability present; (2) describe 

within- and between-individual variability; (3) determine whether or not there is a meal 

in the day which is the least variable, while having a relatively high mean consurnption; 

(4) examine the relationship between intake and varïability. 

The objectives of this thesis were carried out through secondary analysis on an 

existing data set, described in section 3. These analyses culminated in four results 

chapten, which consecutively answered the 4 secondary objectives above. The first two 



chapters focus on examining within- and between-individual variability at the broad level 

of overall intake and its variability, while the last two chaptea examine within- and 

between-individual varïability mainiy from the perspective of individual meais. in 

particuiar, the fint results chapter, chapter 4, is a primary investigation into the 

magni-tude of within- and between-individual vari-ability. Through the examination of the 

variability in energy, macronutrien and water intake, the average number of days of 

intake records required to accurately reflect the usuai intake were determineci for 

individuals, as well as for the group. The next chapter, chapter 5, examines variability in 

further detail through parîitioning the total variance into within- and between-individual 

variability and examining the relative corn-butions of each component to the totd 

variability fur the previomly mentioned nutrÏtional components. Furthemore, this 

chapter examines supplement use in this population and its possible effects on intake 

pattern for these individuals, as supplement intake is an important feature of intake in 

this population, 

Chapter 6 then begins an examination into meal-related variability through 

attempting to identie a meal with the Ieast variable patterns of energy intake, and which 

also has a high level of energy intake associated with it, for al1 individuals in the group. 

FinafIy, chapter 7 investigates the relationship between intake and its vaxiability both at 

the daiIy intake level, as well as at the meal level. This examination led to exploring the 

patterns of vanability between meals, as well as patterns of intake between meals, to 

determine whether there was any evidence for regulation of intake between rneals 

throughout the day in this particular population 



The objectives and investigations in chapters 6 and 7 evolved as a resdt of 

informal conversations with the nunes in the cognitively impaired units, which revolved 

around their perceptions of intake patterns displayed by individuals with advanceci 

neurodegenerative disease and swallowing disorders. Two main perceptions came out of 

the conversations: ( 1) that generally, patients who appeared to have relatively low food 

consurnption also appeared to be more variable in their consumption from day-to-day and 

f?om meal-to-meal than those who appeared to generally eat more; (2) that breakfàst 

appeared to br the meal which was the best consumed of the day. That is, it seemed to be 

the meal where more individuals appeared to eat more, more o k n ,  compared to lunch or 

dinner. 

It u8as felt that if these areas were exploreci, and findings supported the anecdotal 

information, that there was potertiai for insight into intake patterns, as well as for further 

exploration of subjective information in a more rigorous manner. While the information 

from these conversations were not directiy relatrd to the specific individuais in this midy, 

they were considered to be an informai description of perceptions of intake patterns for 

this type of population in general. Although these conversations were not forrnally 

docurnented for the purposes of validation, they opened up worthwhile avenues for 

exploration with the intake patterns of this population, where so Little undersianding 

currently exists. Furthemore, it wûs frlt that this prelirninary exploration into subjective 

perceptions such as these, could shed light on opportunities for how to use such mecdotal 

information in the future, including how to effectively examine perceptions and what 

they may be reveaiing regarding intake patterns. 



To alIow an investigation to determine whether the perceptions were correct, 

cnteria were determined so that this codd be examined statisticaily. For example: ( 1 ) if 

those who had lower intakes were indeed more variable in k i r  intalces, thea this could 

be represented in the data by a negative relationship between energy intake and its 

variability; and (2) if breakfast is consistently the best consumed meai, as defined above, 

then perhaps this could be seen in the data by it having the highest energy intake, dong 

with the lowest variability, cornpared to the other two meals. 

The analyses in these resdts chapters meet the main objective o f  understanding 

and describing intake patterns through examining various aspects of variability of  intake 

for this population. The analyses were a fundamental exploration, and begin the process 

of gaining insight into the intake patterns of thïs population. 



GENEXAL MATERCALS AND METHODS 



3. GENERAL MATERIALS AND METHODS 

3.1 Description Of Sample And Database 

3.1.1 Subi- 

The food intake data were obtained fiom a previous study examining nutritional 

adequacy in institutïonalized seniors requirïng both pureed foods and thickened fluids 

secondary to advanced neurodegenerative disorders (AD) and the development of 

swaliowing dficdties (Philip 1 997). The previous study compared the  nutritional 

composition of the diet containing Pablum cereal, which \vas used as a fluid thickener, to 

the overail diet without the thickener, and the nutritional adequacy of the seniors on 

either of the diets. The previous study did not begin to examine issues around intake 

~ ~ a b i l i t y .  This population was targeted for study since, they are representative of those 

at high risk for malnutrition within the institutional setting (see for example Keller, 1993 

#2; Kerstetter, 1992 # 11). The study subjects were selected fiom the chronic care hospital 

and home for the aged at the Baycrest Centre for Genatric Cam Exclusion criteria 

consisted of the following: 1) clients on mixed food textures or on energy controlled 

diets; 2) individuals on specialized diets, such as diabetic or rend; and 3) subjects not 

consuming at least two pureed entrees per &y. Al1 remaining residents were included, 

wi th the study group comprising 2 men and 19 women. The current calculations were 

restricted to the wornen who were on average 84 years (range: 69- 109). Their body mass 

indexes were on average 22.3 (range: 1 5.0-3 2.8) and al1 had remained weight stable for 3 

months prior to assessing food intake. 



3-1.2 Food Intake Record Collection 

Seven days of investigator weighed food intake was randomly monitored for each 

subject from a 28 &y cycle since food delivery practices do wt Vary between week days 

and weekends. Al1 subjects required 8dl feeding assistance. Caregivers responsible for 

feeding the subjects were unaware that food intake was king  rneasured as a means to 

ensure that food consumption was representative of normal intake patterns. Caregiver 

identification was not recorded 

Consumed weights of individual foods (weighed prior to and p s t  consumption) 

were entered into the database for analysis. As the majonty of food items consumed by 

the subjects were made on site, the nutrient content of single portions of each recipe were 

calculated based upon individual ingredients using a sofhvare package (Foodman; 

Quichelena Products) which accesses the condensed Canadian Nuirient File (Canada 

199 1 ). This information was transferred to a Lotus-based program that accesses the 

nutnent tile for other commody consurned foods. The program calculated energy and 

nuhient consurnption for each client at eveiy meal based on consumed weight. The 

nutt-ïents used for these analyses were confined to energy, the rnacronutrients and water. 

Mean intake ana standard deviation (SD) for energy, the rnacronutrients and water were 

determined for the group, and are presented in Table 3.1. 

3.2 Statistical Analyses 

The statistical analyses in this thesis were performed using SAS for Windows 

(Version 6.12). In general, analyses were confined to analysis of variance and regression 

analyses. In rnost cases, daily intake pattern for each individual were analyseci, using a 



repeat fundon, to account for between and within indiMuda1 diEerences. Details of the 

analyses used are present in each of the results chaptets. 



Table 3.1. Merin eaergy aad macronutrient intake (k SD) of iastitutionalized elderly 

- Values are mean and SD; and are based on ail 133 observations. 

in present studv. 

and bebveen variability. 

l 

Nutient 
Energy (kcaYd) 
Protein (g/d) 

Intake 
1482 I 4 5 1  
54.8 t 19.0 

Protein (@kg BW/d) 
Protein (% kcal) 
Carbohydrate (g/d) 
Carbohydrate (% b l )  
Fat (da 
Fat (% kcal) 
Water (mUd) 

1-06 2 0.38 
14.8 f: 3.1 
175 f 48 

48.6 f 9.8 
65.7 i 30-6 
38.4 + 9.2 
959 + 263 
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4. NUMBER OF DAYS REQUIRICD TO ESTlMATE USUAL ENERGY AND 

LWCRONUTRIENT LNTAKE 

4.1 Rationale 

It is generally agreed that, for large groups, 1 to 3 day intake records can provide 

reliable estimates of average group intakes (Beaîon et al, 1979; Ahiuwaiia and 

LammiKeefe 199 1). This method has been carried over for use with individuals, such 

that estimating usual intake of  individds on the basis of a 1- or 3-day f d  intake record 

is a fiequently employed component of nutritional assessrnent (see for example (Breslow 

and Sorkin 1993; Gibson 1993; Lee and Nieman 1996)). Despite the reliance on these 

intake records, it is weIl documented thaî this technique poorly describes the usual intake 

of the individual (Beaton et al, 1979; Guthrie and Corcetti 1985; Basiotis et al. 1987; 

Ahluwalia and LammiKeefe 199 1). indeed, for certain nulrients that are not uniformly 

distributeci in the food supply, such as vitamin A, greater than one year of data collection 

may be required to describe the usual intake of the individual (Basiotis et al. 1987). 

The concept that it is much easier to estimate the usual, or average, ùitake of a 

group compared to an individual is not new to the nutrition literature (see for example 

Liu et al. 1978; Beaton et al- 1979; Beaton, Burema and Ritenbaugh 1997). The 

understanding of the impact of variability on estimating usual intake led to the 

development of numerom methods of deterrnining adequate sample sizes to accurately 

measure mua1 intakes (Basiotis et al. 1987; Nelson et al- 1989), which are a comrnon 

element in designing epidemiological studies. However, the application of these 

approaches for use with individuals and groups within the clinical realm has not received 

s imi lar attention. indeed, within the institutionai setting the estimation of usuai intake of 



senior individuals poses a practica.i dilemma Conaiburing to the diniculty is underlying 

cognitive disability which limits the collection of dietary information to that which can be 

obtained by a third party. Furthemore, current pressures for cost containment are 

reducing available personnel time to monitor food intake o f  the individual suc h that 

estimates of mual intake are fiequently made on the basis o f  1 or  2 days of intake records 

(Block and Hartmen 1989; Breslow and Sorkin 1993). 

The important question that has not been addresseci in regards to these estimates 

of intake is the precision, thus the value and utility, of reduced days of food intake 

cotlection when attempting to estirnate the usual intake of the instittutionalized senior. 

Most of the information on the number of days of intake required to estimate usual intake 

has k e n  determined based on the free-living population, with Little such information on 

the institutionalized elderly. 

One study which examines elderly subjects in an institutionai setting (Breslow 

and Sorkin 1993) compareci 1- and 3- &y calorie counts in hospitdized elderly during 

their acute care stay. The term '*calorie count" referred to total calorie and protein 

consumption per &y. This study concluded that 1-day calorie counts could be a valid 

alternative to 3-day calone counts in patients suspected of eating poorly. However, a11 of 

the subjects were eating poorly (mean intake = 952 kcals) and indeed nursing perception 

of poor consumption was an inclusion critena for this study. The results may sirnpty 

suggest that by the time intakes are tow enough that they are recognized by the caregiver, 

a i -day record is suficient to confirm this subjective evaluation. Hence, these results 

cannot be extended beyond the situation where d l  subjects are eating poorly. 



Another study (Barnes and Hodkinson 1988) examinhg institutionalizd elderly 

determined the number of days needed to estimate average energy intake of those 

individuals. B a d  on a total of 7 consecutive days of intake data, they examineci how 

closely mean energy intakes for shorter observation periods matched the 7 4  mean. Upon 

exarnining ail possible data sets for 1 6  days, the authors concluded that 3 or 4 days of 

consecutive intake data yielded estimates of average energy intake, for individuals, that 

were no different fiom estimates obîained fiorn 7 days of data The study, however, did 

not address the precision of these estimates. That is, they did not address the variation or 

range around the estimates of the mean. Thus, it remains unclear just how accurate the 

means actual Iy were in reflecting usual intake. 

More definitive information is required regarding accurate estimation of usual 

intake in instihitionalized elderly. Thus, the objective of this study was to investigate the 

variance in energy, macronutrient, and water intake (including water content of foods, as 

welf as beverages, consumed) in an elderly institutionalized population to determine the 

average number of days of intake records required to accurately reflect the usual intake of 

individuals and of groups in this population. 

4.2 Methods 

4.2.2 Formulas for Determinine Reauired Number of Davs 

4,2.2.1 Individuah 

The number of &YS of food intake records needed to estimate tme average 

energy, macronutrient, and water intakes for individuats and for groups of individuats 

with 90% accuracy (described in M e r  detail below) at the 0.05 ievel of significance 

were detemined using the formulas descnbed by Basiotis et al. (1987). The formula for 

an individual is as fo1lows: 



where, Xi represents the number of days required to estimate usual intake for individuals- 

The nuaiber of days is a h a ï o n  of the Z score (statistical level of significance), the 

individual ' s day-to-day variability, true average intake, and the % accuracy desired (A). 

Day-to-day varïability is the individual's standard deviation (SD) of intake over 

the 7 random days of collectioa The Z value at the 0.05 level of significance is 1.96. 

The level of accuracy desired (A) is O. IO, or with.ïn 10% of true average intalre (Basiotis 

et al. 1987). The level of accuracy is described herein as k i n g  at a level of 90% rather 

than "within 10%" for ease of interpretation- The fonnuia was also used to estimate the 

% accuracy (A) of 1-7 or 28 d a y s  of intake records for an individual. For the purpose of 

these calculations, it was necessary to assume that the 7 randorn &YS of intake provided a 

reasonable estimate of both the tnie average nutrient intake and its variability. 

4.2.2.2 gr ou^ 

The formula (Basiotis et al. 1987) used for calculating nurnber of days of food 

intake records needed to estimate true average energy, macronutrient, and water intakes 

of this group (n=19) is as foIlows: 

[zrn l2 (day-to-day variability )' 1 
X, = (A)* (tme average intake)2 x n 

This formula varies fiom the one employed for individuals, in that it uses the 

mean and SD of the group over 7 days of intake (19 x 7 days of observations - n=133) 

instead of the mean and SD for an individual and is also divided by the nurnber of 

individuals in the group (n). 



The formula for groups was also used to solve for (1) % accuracy (A) for a given 

number of days of food intake records (Xi;) wïth 19 individuais in a group (n); (2) number 

of individuals required in a group (n) with 1 days' intake O[& at 90% accuracy (within 

10%) (A). 

4.3 Results and Discussion 

4.3.1 h d ~ d u a i s  

Table 4.1 indicates the minimum, average, and maximum nurnber of days of 

intake records required to estimate usud intake (90% of 7-day mean) for al1 1 9 

individuals. The minimum number of  days required to estimate tnie average intake (with 

90% accuracy) for an individual in this group for energy, protein, fat, carbohydrate, and 

water intakes are 6J,I 8, 1 & 2 &y(s) respec tivel y- These numbers would reflect those 

individuals in the group with the lowest day-to-day variability in intake relative to theü 

mean intake. Hence, fewer days are required to estirnate their intakes. The maximum 

number of days that were required for the same nutritionai components seen in Table 4.1, 

which was greater than 28 days, would reflect those individuals in the group with the 

highest day-to-day variability in intake. That is, those individuals with higher variability, 

relative to their mean intake, would have required more days to estimate their usual 

intake than those individuals with lower day-toilay variability in intake at the same 

degree of accuracy (90% of 7&y mean). Finally, the average number of days required 

to estimate usual intake for the individuals in this group was equal to or  greater than 2 

weeks for all nutrients examined 



Table 4.1. Ranges and averages of number of days required to &mate hue 
average intake for an i .  0 . with 90% accumcy (pû.ûS). 

l I I 
Cornponent 

Energy 
Protein 

I I 
- -- 1 Water 2 19 r >28 (28=86%) 

* A maximum of  28 drys wcrc cdcul~ted; bmcketcd n u m h  rrpmcnt the 74 accuracy at 28 drys 

Fat 
Carbohvdrate 

Minimum âays 
reqoired 

6 
3 
18 
I 

Average days 
required 

21 
23 

Maximum days 
required 

>28 (28=87%) 
>28 (28=83%) 

>28 (28=87%]* 
14 

>28 (28=87%) 
>28 (28=87%) 



At this point, it is of importance to note that, while the results demonstrated the 

di ficul ty in O btaining a reasonably accurate estimate of usual intake for an individual 

based on 1-2 or 3 days intake, in fact, even 7 days is not adequate, as is shown by 

Basiotis et al. (1987) and indeed by our own results. This leads to tbe achowledgment 

of a limitation of the data, which is that these analyses were based on only 7 random days 

of intake. The methods herein followed those of Basiotis except that duplicating the use 

of 365 &ys of data was not feasible. While the Basiotis data wou!d yield far more 

acc urate estimates of mean intake and variance, the current &ta still demonstrated, 

similarly to Basiotis, that many more than 1-7 days of  intake are required to obtain an 

estimate with reasonable accuracy for these individuals. Thus, the conclusions herein do 

not refer to the specific nurnbers of days determined fiom the analysis (e-g-, average of 2 1 

for energy). Rather, the conclusions refer simply to the reality that 1-3 day(s) is/are not 

enough intake records to estimate the usual intake of an institutionalized individual with 

reasonab le precision. Therefore, the tables incl uding these numbers are inc luded to help 

make that point generally; they are not an attempt to state specific numbers of days. 

Clearly the usual 1 to 3 d a y  food intake records do not adequatel y describe the 

usual intake of an individual with a high degree of  precision (90%). Due to these 

findings it became of interest to determine, what the accuracy of minimal days of intake 

actually was if not 90%. This was done by solving for " A  in the formula (Basiotis et al. 

1987), as discussed previously in the methods section. Table 4.2 indicates the minimum, 

average and maximum % accuracy of 1-7 & 28 days in 



Table 4.2. Ranges and averaga of ./a accuracy for 1-7 &28 days of intake in 
estimating true average intake for individrrals (p=0.05) 

Comp 
onent 

Energy 

T 

# of days of 
inîake 

1 
2 
3 
4 

Minünam O !  

Accuracy 

3 1 
51 
60 
66 

91 
50 
65 
71 
75 
78 
80 

87 
1 1  
37 
49 
56 
60 
64 
66 
83 
O 
15 
30 
40 
46 
51 
55 
77 i 
31 

Pro tein 

A---- 

Fat 

Average % 
Accuracy 

53 
66 

95 
85 
89 
91 
92 
93 
94 

5 
6 
7 

28 
1 
2 
3 
4 
5 
6 
7 

28 
1 
2 
3 
4 
5 
6 

Maximum % 
Accu racy 

74 
82 

79 
81 
82 

69 
72 
74 

Water 

89 
90 
90 

81 
91 
29 
50 
59 
64 
68 
71 
73 
87 
61 

2 
3 
4 
5 
6 
7 

28 
1 
2 
3 
4 
5 
6 
7 
28 

CHO 

73 f 85 

94 
97 
56 
69  
75 
78 
80 
82 
84 
92 
91 
93 
95 
95 
% 
96 

7 
28 
1 

51 
60 
65 
69 
72 

76 

73 
78 
81 
83 
84 

87 

74 
87 
28 
49 
58 
64 
68 
71 

85 
93 
59 
69 
74 
78 
80 
82 

1 

% 
98 
86 
90 
92 
93 
94 
94 
95 

97 . 
73 
86 

83 r 
92 



estimaring the bue average intake of energy, the rnacronutrients, and water for an 

individual at a significance level of 0.05. 

As seen in Table 4.2, as the number of &ys of intake increases, the % accuracy of  

the estimate of usual intake for the individual also increases. However, the use of 

minimal numbers of intake records to estimate the usuai intake of an individual would be 

problematic in ternis of % accuracy due to the large range around the mean number of  

days reqwred (mdicated by the minimum and maximum values in Tabie 4.2). To 

illustrate, if one day's intake was used to estimate true average protein intake for the 

average individual in this study, the estimate would be 50% accurate. Thus, an 

individual's estimated protein intake of 1 .O g/kg body weight (B W) would represent a 

true average consumption ofanywhere between 0.5 and 1.5 g/kg BW. For the individual 

with the most variable intake (Le., minimum accuracy of 1 1% in Table 4.2), the true 

mual intake would lie between O. 1 1 and 1 -89 g/kg B W. 

While a 3-day food intake record can give a better estirnate of usua1 intake 

compared to a Iday intake record-, the average % accuracy is still only 70% for this 

group, and could be as low as 49% depending on the individual's intake vanability. 

Thus, a measured 3day mean intake of 1 -0 @kg B W could represent an actual mean 

intake of 0.71 to 1.29 g/kg B W for the average individual, while a more highIy van-able 

intake could be between 0.49 and 1-5 1 g/kg BW with the same mean. Clearly, depending 

upon where the individual actually lay within this range, vastly different assumptions 

regarding habitua1 protein intake and need for intervention would be made. 

Due to the diffierence in results between the current study and those of Barnes & 

Hodkinson ( l988), in regards to the nurnber of days recornrnended for individuals, the 



data fiom the present study were analyzed in the same manner as Bames & Hodkinson, 

and the results of the two studies were compared with one another (Table 4.3). Bames & 

Hodkinson, as previously descnbed, concluded that 3 or 4 days of consecutive intake data 

were suficient to estimate usual energy intake in institutionalued senior individuals. 

They came to this conclusion by examining how closely mean intakes for shorter 

observation penods matched the 7day  mean. Al1 consecutive day sets from I - 6 days 

were examined by loolking at al1 possibie data sets and standardking their mean per day 

to the 7-&y mean. This was done by dividing the mean intake for the shorter period by 

the 7 day mean. The number of records, in Table 4.3, refers to the nurnber of 1 - 6 day 

sets used in the calcuiations. For example, in the Bames study, for 6 consecutive days, 

there are two possible data sets to use for each of the 15 individuals in that study, tbus 2 x 

15 = 30 records, or data sets. Once the mean per day fiom each of the shorter observation 

periods was standardized to the %&y mean, these standardized values were average4 

and the CV% was derived fiom the caiculated SD. Thus, the CV% in Table 4.3 

represents the range around, or variability associated with, the mean of the standardized 

rneans. The conclusions in Barnes & Hodkinson, for 3 or 4 days for individuals, were 

based on the  observation that starting at 3 d a y s ,  the CV for this p e n d  was only 8.6%. 

When the results from the present study were compared to Bmes & Hodkinson, 

after being analyzed in the same manner, they were not very different. Starthg with 4 

days, the mean is only 7.7% different from the 7day mean. The difficulty with this 

anaiysis is that only mean intakes were considered, and not the range around those 



Table 4.3. Cornparison betiveen resuits fioa Biraes and HodLinson (19811) 
(n=15) and present stirdy (n=19): Coefficients of variation (0%) for estimates of 
7-d eoergy inhke from shorter observation periods for individuali 
Length of Number of CVY. Number of CV% ' 

sîudy records* (Barnes et recordsœ (Present 
(days) (Barnes et al) al) (Present study) studv) 

l 105 17-5 1 133 23- 1 

- 
Ail possible da- sets fmm 1 - 6 days wem urmined 



means. It warrants consideration that 4 days of intake to estimate usual energy intake has 

an average of 76% accuracy for an individual in the current study (see Table 

4.2). This may seem acceptable, but a 4-day estimate for the most variable individuai in 

the current study would have 66% accuracy, which would be a less acceptable level of 

accuracy. Again, the range around the mean needs to be wnsidered, and the point 

remains that the variability of the individual is unknown and this variability affects the 

accuraçy of the estimate on which, in part, possible need for intervention is based 

Figure 4.1 shows plots of the 7 days of energy intake for three subjects, in order to 

iI1ustrate the range of the variability that is seen in the individuals in this study 

population. The figure depicts the difficulty of using a few days of intake rneasures to 

estimate usual intake. Two of the subjects have sirnilar average intakes but different 

variances (subjects 5 & 9) and two have different intakes but sirnilar variances (subjects 4 

& 5). The variability plots in Figure 4- 1 depict the differences of intake within 

individuals from day-to-day as well as between individuais more clearly than the 

nurnbers in the tables alone. 

As can be seen in the figure, energy intakes can fa11 very differently within 

individuals depending on which days are chosen to be recorded, and there is no way to 

lnow which day is being chosen. Therein lies a difficulty with using only a few days of 

intake to represent usual intake, &y-to-day variation in intake within individuals. 

Furthemore, with any of the individuals in Figure 4.1, if 1 or even 3 days of records were 

useci, the distinct possibility and consequences of, choosing days that are far fiom the 

mean needs to be considered, as the rneasure obbined could be considerably above or 



Figure 4.1. Scatterplots of 1-7 random days of weighed f d  iatake for su bjects 4, 
5 and 9. Solid h e  = 7-day m a n  intake; dotted lime = SD. The CV (%) for the three 
su bjectr are presented below the figure'. The m a n  of the 19 individuals' CVs-is 
also presented below the figure". 

Subject 4 Subject 5 Subject 9 

* ~ u b  4 - mean k a =  996, SD = 237, CV=24%; Sub S - mean k d  = 1447, SD = 401, CV = 28%; 
Sub 9 -mean kcal = 1516, SD = 214, CV = 14Y. 

** The mean CV for the 19 isdmduah=td% 

Fat 1 4 1 80 1 84 

Table 4.4 Number of days required to estimate group mean intake with 90% 
accuracy, predicted accuracy for 1 day of food intake data, and number of 
individuals required in a group for estimation of group average intake with a 1 day 
food record, assum h g  90% accuracy (p=û.05) 

Com- 
ponent 

Energy 
Protein 

CHO 
Water 

Number of days intake 
. required Cor 90°/. 

accuracy witb 19 
individuals in group 

2 
2 

Predicted 
aceuracy ('!A) 

of 1 day intake 
for 

19 individuals in 
a groap 

87 
85 

# of individuals reguired 
. in a group Cor 90°A 

accuracy with 1 day 
iatake 

36 
46 

2 
2 

88 
88 

29 
29 



below the usual intake. Subject 9 has a high mean intake and minimal spread around the 

mean. The consequences may not be very significant for that subject as compared to an 

individual, such as subject 5, with a more variable intake (i-e., more spread around the 

mean) or compared to an individual with a low intake (subject 4). However, the 

assumption obviousty cannot be made that al1 individu& are similar to subject 9. 

Therein lies another difficdty of using only a few days of intake, which are the 

di fferences in variabili ty between individual S. 

43.2 Groug 

In contrat to the data on the individual, a substantiaiiy smaller number of days 

are required to estimate the usual uitakes of the group (Table 4.4). The true average 

intake of this group could be determined with 90% accuracy for energy, the 

macronutrients, and water, with 4 days of intake records. Even one &y's intake on al1 19 

individuals would result in at least 80% accuracy for al1 components examined. 

Furthemore, if data are limited to 1-day food intake records, 90% accuracy of group 

mean intake could be obtained for al1 components with 84 individuals or wïth 46 

individuals if fat was not of interest This would imply that, in the institutional setting, 

reasonably accurate information can be obtained when estimated at the gcoup level, such 

as by floor or by unit (e.g., intensive care unit etc.). Group estimations, however, would 

not provide any memïngful information with regards to specific individuals. 

4.4 Summary and Discussion 

The data presented here clearly demonstrate that the current general use of 1-3- 

day food intake records in clinical situations severely compromises the accuracy of the 

estimate of usual intalce for the instïtutiondized individual. As cost constraints push for 



reduced number of days of data collection to estimate usual inîake of individu&, it 

becomes hperative to question whether food intake records should be included in 

assessrnent at  al1 when the pinpose of those records is to estimate an individual's usual 

intake. Indeed, the questionable uality of these estirnates was demonstrateci with the 

examples of protein intake where the range around the mean estimate is so broad with 

even 3 days o f  intake that the tnie ïntake of the individual could tnrly lie between 

deficient and excessive. Meaningfid ïnterpretauon of the &ta cannot be m& in this 

circumstance, due to within-individual variability and between-individuai variability. 

That is, even in the institutionaiized, there appears to be enough &y-to-day variability 

within some individuais to render characterizing their usud intake dificult. When 

estimating one of these individuals' usual intakes, the assurnption cannot be made that the 

individual's intake k i n g  characterized is not one o f  the more variable intakes in the 

D O U P -  

The situation was much Iess complicated for estimating the usual intakes of the 

group than for the individuals. The fact that reliable esthates  of mean energy and 

macronutrient intakes could be obtained with minimal intake records, even for the small 

gro up of institutionalized patients in the present study (n= 1 9), would allow reasonable 

cornparisons of  group mean intakes to be made. Thus, in the clinical setting, meaningful 

groups for clustering could be developed (e-g by floor, diet type) allowing the cl inician 

to determine where risk is likety to be more prevaient in the institution based on lower 

group mean intakes. 

The poor accuracy of  the estimates obtained, for the individuais herein, with the 

use of few &ys of intake, suggests that time and effort should be directed towards other 



avenues of capturing estimates of usual intake of the individual. The greatest opportunïty 

rnay lay in the faa  that supervised care is provided on an ongoing basis, providing 

valuable subjective idormation from the health care provider. Twls such as modified 

forms of food ffequency questionnaires developed for the institutional environment and 

completed by the health care provider may yield more meaninml information more 

efliciently. New approaches such as this will require scientitic validation, as did previous 

methods. However, the growth of the senior population and its predicted demands on 

long terni care facilities point to unprecedented need, while meaningfil techniques for 

estimating usual intake for individuals in this population are simply lacking. 

These results also point to the need for M e r  understanding of the intake 

patterns of this population. The results revealed that there is what appears to be 

considerable wïthin-individual variation in this group of individuals, due to the hi& 

average number of d a y s  required to estimate their usual intake. At the same time the 

range around that mean revealed that there were individuais who appeared to oniy require 

a few days of intake data to adequately estimate their intake. As such, it would be of 

interest to descnbe the intake patterns of this population through an investigation of the 

within- and between-variation of this population. 
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5. COMPONENTS OF VARIABILITY AND SUPPLEMENT USE 

5.1 Rationale 

It appears reasonable to speculate that variabi tity in intake, in the institutionalized 

elderly, wouid be lower than the free-living as factors which contribute to variation in 

food intake would be removed or  m i n h k d  in the institutionai se- For example, in 

institutions, al1 meals are provided which would remove any variation, both within- and 

between-individuals, that is associaîed wÏth the acquisition and preparation of foods, 

while these factors would likely be important sources of variation in free-living elderly. 

Converse1y7 the health problems, such as AD, which are contributors to the 

necessity for institutionaLization couid influence the level of within- and between- 

individual variation. For example, neurochemicai alterations associated with AD may 

interfere with signals that control appetite regulation (Morley and Silver 1988; Keene and 

Hope 1997)- and thus affect food intake patterns as represented by the two components of 

variability. Discussion of  appetite regdation in detail, for this population, is beyond the 

scope of this thesis. 

However, the effect of health problems, in combination with the effects of 

institutionalization, on intake is not known Thus the direction of any difference in the 

components of variability in ïntake of this population compared to the fke-living cannot 

be predicted Furthemore, unique to this population compared to the ke-living, is the 

intervention on intake through the use of  supplernents (e-g., ~ n s u r e ~ ) ,  which rnay be an 

additional factor potentially affecting food intake patterns observed 

One sîudy examined within and between-individual variability in the 

institutionalized elderly (Borrelli et al. 1992)- and that study concluded that "a few days" 



satisfactonty estimated the within- and between-individual variability of their study 

population, which would imply a decreased variabiiity, both within- and between- 

individuals. Despite this conclusion, as previously discussed, Borelli et al. focused on the 

variability of specific foods rather than the variability of individual macro and 

micronutrients; thus it is not possible to extrapolate their findings beyond whole foods. 

Furthemore, it was not clear exactly how many days were being referred to, as the 

specifk number of days required was not identified in the paper. Moreover, the d e r i a  

for detemining that nurnber of days were not stipulated. 

Clearly, information regarding the effect of institutionalization on the components 

of intake van-ability is scarce, thus the true intake pattern of the population under 

investigation are not fully u n d e r s t d  Indeed, it was s h o w  previously herein that the 

usual intake of these individuals on average coulci not be characterized in as little as a few 

days, irnplying that the within-individual variability of this group of individuals may not 

be as low as has perhaps been commonly thought Thus, this chapter begins a M e r  

examination into the variability in intake of this population to m e r  facilitate an 

understanding of the findings in the previous chapter. In order to do so, the components 

of variability (within- and between-individual variability) are examined for any patterns 

they may reveal. Since supplementation is a common practice in the feeding o f  this 

population, an exploration o f  the relationship between supplement intake and intake 

variability is also included. 



5.2 Methods 

5.2.1 Partitionine of Variance and Determinine Variance Rstio 

Total variance for energy, the macronutrients, and water was pti t ioned into 

within-subject (V intra) and between-subject (V inter) variance using an ANOVA 

procedure developed by Dr. Beaton in the Deparîment of Nutritional Sciences at the 

University of Toronto. This yielded the pooled estimate (the estimate for the group) of 

the within- and between-subject variances. The variance ratios (V-ratio) for al1 

nutritional components examined were also deterrnined, and were derived as follows: 

within-individual variance/be~n-indiGdml variance (V intraN inter). 

The effect of varying energy intake on the use of supplements was first exarnined 

using a Spearman rank correlation and then further explored with the use of a multiple 

regression rnodel. Next, the effect of varying supplement intake on overd 1 macronutrient 

content of the diet (as (g) and (%)), was examined through the use of a linear regression 

model. Partitioning of variance procedures, as described above, were repeated upon the 

removal of two individuais, who appeared to be different from the rest of the population, 

to investigate whether those individuals had any effect on the observed V-ratios for 

energy, the macronutrients, and water, for the group. 

5.3 Results and Discussion 

5.3. I V-ratios for Energy and the Macronutrients B a d  on Absolute Intake 

Table 5.1 presents the V-ratio for energy, the macronutrients, and water based on 

measures fiom al1 19 individuals, While the V-ratio is calculateci based on V intra/V 

inter, the SD intra and SD inter are presented to provide a clearer picture of the absolute 



range of variability around the mean intakes. CV intra and CV inter are dso shown in 

order to standardize the variance to % values for within and between-individual variance. 

When the V-ratio is examined based on absolute intakes, protein has the lowest 

ratio, then carbohydrates, energy, fat, and water. Even the lowest V-ratio, that for 

protein, is greater than 1, indicating a larger within-individual variability relative to 

between-individuai variability, for this population. indeed, if the values for CV intra and 

CV inter, are examined for absolute i d e ,  all CV intra values are larger than the 

corresponding CV inter values. 

The V-ratio for energy in the current population appears to be higher than tbat for 

the younger, working, free-living populations as well as the eldedy fiee-living 

populations (see Table 5.2 for cornparisons). The cornparison of the V-ratios for the 

macronutrients, and water, is not as clear as that for energy. While, the V-ratio for 

protein appears lower thau alL but one study, the V-ratios for fat and carbohydrate appear 

higher than al1 studies except for one (not the same study, however). Furthemore, not ai1 

of the studies used, in Table 5.2 for cornparison, examined a11 of the components that 

were investigated in the current study. This adds to the difficulty of comparing these 

nutrïents among these shidies. Indeed, none of the studies examined water. and as such 

this would be the first exploration for this nutritional compnent, of which the author is 

aware. This probably reflects the fact that hydration is not usua1Iy an issue of concern for 

free-living, as compared to those with swallowing disorders, As a result, there is no basis 

of corn parison between populations for water. Since energy was the oniy component 

explored in al1 stuclies, the corn parison between fie-living and institutional ized focuses 



Table 5.1. Group mean inîake, V-ratio, and poolcd estimates o f  witbin- (SD intra, 
CV intra) and between-subject variation (SD inter, CV inter) in energy and nutrient 

Table 5.2. V-ratios for energy and the macronutrients fmm several studies (al1 

intake per day over 7 days (n=19). Data is presented based on both absolute intake 
(g) and intake per Lûûû kals .  

Intake Variable 

s tudies s hown are based on freeliving populations). 

Details o f  data collection for these studies arc pmented in Table 2-1. 
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and CV inter are abo shown to standardize the variances amund the means. 
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on this component The issues with comparing V-ratios between studies are discussed in 

the next section of this chapter. 

The apparently higher V-ratio for energy in the curent population would indicate 

that, in cornparison to the fiee-living populations, the institutionalized elderly in the 

present study have a greater proportion of variability comiog koom within-individual 

variabi l ity than h m  between-uidividual variabiiity, for energy intake. 

Rather than indicating an mcrease in the within-individual variability, the finding 

of a higher V-ratio for energy in this population, as compared to the &-living, may 

actually reflect a M e r  decrease in the between- compared to the within-individual 

variability. The fact that everyoae wouid be eating, more or les, the same thing on the 

same &y would, in fact, logically lead to a decrease in differences in intake between 

individuals. This would result in an increase in the V-ratio through creating a smaller 

denominator in the fonnula (V intraN inter). 

These analyses are based on 7 days of intake data, which are randomly selected 

from a 28-day food cycle. Therefore, identicd fmddmeals would not have been 

delivered to al1 subjects during the study. The number of food choices availabie to 

individuals on a pureed diet, however, was extremely limited such that similar or 

identical food deIivery would have been fiequently O bserved across individuals. 

Furthemore, the overall structure of the meaIs did not Vary from day-to-day; and there 

was also no difference in structure between lunch and dinner (Le., a soup (if tolerated), 

entrée, vegetable and dessert (usually pureed h i t )  were always served at both lunch and 

dimer). 



The between-individual variabilit-y that is still present in this population may be 

representative of the fact that some individuals wouid be receiving supplements ( e g ,  

~ n s u r e ~ ~ )  and others would not (Le., differences in food "selection"). Also contributing 

to the betsveen-individual variability wouid be differences in what food items were 

actually consurned within meals (macronutrient selection), as we Il as differences between 

individuals in amounts of foods consumed The within-individuai variability would be 

reflective of the different fOOdS served over the 28-day cycte, the differences in arnount 

consumed, as well as choices within meais, within an individual from &y-today, as well 

as characteristics unique to the individual. Furthemore, it is of importance to note that, 

in the current population, the feeder would also be likely to contribute to both the within- 

and between-individual variabilities. Unfortunately , this variable was not rneasured in 

this study. 

5.3.1.2 Issues with the Com~arïson of V-ratio Values Between Studies 

It is important to note that there is dificulty in making definitive cornparisons of 

V-ratios between studies however, for two reasons. The first reason is differences in 

methodology. For example, different study populations (e.g., men and women combined 

vs. women ont y; cultural differences; workiq vs. retired; age differences), different 

number of days of data collection, different sample sizes, and different methods of intake 

data collection (eg ,  investïgator-weighed food intake data in the current study venus 

recall or subject-weighed or subject recall in the fie-living) (see Table 2.1 for the 

characteristics of the studies used for cornparison) were employed- Differences in 

methodology, such as these, may affect the observed V-ratio through any effects they 

rnay have on the within- and between-individual variabilities. 



It would be quite àifficult to prediçt the direction of effect the different data 

collection mettiods may have on each of  the two componeuts of variability, and therefore, 

the direction of their effëct on the resuitant V-ratio. In fact, as an example, it couid be 

argued for self-reported measures of intake, that either under or over reporting by an 

individ~al~ if consistent couid decrease within-individuai variability. Whereas, if under 

reporting were not consistent within an individual, this couid increase the within- 

individual variability. These effects on the within-incfivi-dual variability, would in turn 

affect the between-individual variability measures, in al1 li kelihood, by increasing i t  

Ho wever the direction of the e ffect on between-individual variability cannot necessard y 

be predicted, especialIy when it is considered that these eflects have the potential to be 

occurring within al1 individuais in the group to some degree. 

As another example, the investigator-weighed method, as used in the current 

study, could be argued to have under reporting assiated with its measures of intake. 

This would be attributed to food that may have k e n  consurned without investigators 

knowing. For example, if a patient wanders to the refngerator in search of food, or  if 

fam 11 y members bring food for the patient outside of  mealtimes, these intakes wodd not 

necessarily be accounted for. However, this would likely be more of a possïbility in 

populations where patients are self-feeders as well as mobile and more cognitively intact 

t han the current population. In the present population, the fact that the patients were al1 

completely fed by caregivers, as well as the fact that they were al1 on a modified textured 

diet (pureed food) and could not eat whole foods, and that they were a11 bedridden makes 

these scenarios unlikely. Therefore, in the curent study, under reporting of intakes rnay 

be less likeiy than in those populations who are less cognitively impaired 



The potential for under reporting of intakes in investigator-weighed measures 

would, like self-reported measures, affect within-individuai variability by increasing or 

decreasing it depending on how consistently or sporadically the under reporting occurred 

This in turn would have unpredictable effects on the between-individual variabil@ 

depending on how similar or different intakes became between individuals as a result of 

the data collection m e t h d  Thus, it is impossible to completely separate the effects of 

data collection techniques on the measures of varïability obsecved, 

Measurernent error, Iike under and over reporting, woufd also have an e f k t  on 

the components of variance, and on the observed V-ratios. lnaccurate measures of intake, 

if random, would likely increase the within-individual variability associated with sorne 

individuals' intakes within the group. However, as more &ys ofintake were used in the 

data collection, the within-individuai variability would decrease due to decreasing 

random error with increasing number of days (Tarasuk 199 1 ). 

If the measurement error was systematic? such as with incorrect information in 

food composition data, this could increase the between-individual variability through 

affecting the intake estimates of some individuals differently than others, depending on 

whether they consumeci the affected food or not Thus, when different studies use, not 

only different methods and populations, but have potentially different sources and types 

of rneasurement error, the difficulty in comparing V-ratios between studies becornes 

clear, as the effects of these factors on the observed V-ratios cannot be separated. 

The second reason for difficulty in comparing V-ratios among studies is due to 

the fact that the V-ratios are single point estimates without estimates of variabif ity around 

them. This rnakes testing for significant differences impossible to date. It cannot be said 



with any degree of confidence that any of the values for the V-ratios are acnially different 

from one another. However, taking these two critical points into consideration (eEects of 

data collection techniques and lack of ability to test for significant di fferences) V-ratios 

can still provide valuable insight, especially over time with repeated studies, into the 

relative contriiutions of within- and between-individual variation, within sîudy 

populations, as well as across different populations. 

5.3-2 V-ratios for Macronrrtrieats Based on E n e m  Coatroiled Intake 

The following section discusses the changes seen in the V-ratios, for the 

rnacronutrients and water, when controlling for energy intake (nutrient/1000 kcals; Table 

5.2). Examining the V-ratios for energy controlled nutrients rernoves the contribution of 

variability that would be due to differences in energy intake. The earlier section 

compared the values for the V-ratios, between the studies in Table 5.2 and the current 

study, in detail for energy, and in a cursory mamer for the macronutrïents. This section 

does not compare the diRerences/similan-ties in the actual numerical values for the V- 

ratios between studies upon controlling for energy intake. Rather, the direction of change 

seen in the V-ratios is what is compared 

While the original V-ratio for absolute intake (Table 5.2) appeared high for water, 

in cornpanson to the other nutrients, it becomes even higher when controlling for energy. 

This indicates that the within-individuai variability is even higher when controlling for 

energy intake, and this direction of change is presumably reflective of the fact that water 

intake is always associated with energy intake in this g o u p  of individuals. hdeed, al1 

fluids consumed are thickened with carbohydrate~ontaining thickeners to facilitate 

swallowing, hence no fluids are consumed outside of energy consurnption. Furthemore, 



the water content of the pmeed foods consumai was also measured as a component of 

water intake. Thus, when energy intake is controtled for, the resultant higher within- 

individual vxiability may, in fact, be depicting the diveaity of water content of the food 

del ivered day-to-day. 

In e-xamining the macronutrients when conîrolling for energy intake, it was found 

that the V-ratios for fat and carbohydrates decreased, while the V-ratio for protein 

increased, when corn pared to the V-ratios for the macron~en t s  based on absolute 

intake. in contrast to these resdts, when other studies, s h o w  in Table 5.2, have 

controlled for energy intake, the V-ratios for dl of the macronutrients inçreased. That 

increase would be due to a decrease in the between-individual variability (CV inter, 

Table 5 3 ,  which would result fiom the removal of the contribution of differences in 

energy intake to the variation between-individuals on macronutrient intakes (Beaton et al. 

1979). Therefore, in the free-living, total energy intake appeacs to contribute more to 

differences between-individuals on macronutrient intake than to direrences within- 

individuals. 

Contrary to this, in the present study, the within-individual variability (CV intra; 

Table 5.3) for carbohydrate and fat showed greater decreases than did the between- 

individual variability (CV inter), resulting in the lower V-ratios for these t w ~  nutrients. 

Arguably, the decrease seen in the V-ratios, for these two nutnents, would be expected 

for this population. It would appear that the decrease is due to the greater effect of 

energy intake on variability in intake within-individuais compared to between- 

individuals, implying somewhat homogenous energy intakes between-individuals for this 



Table 5.3. Magnitude of decrease of between- and within-individual varïability 

* Beatoa et ri. coatrdlcd for energy via a~trht/eatrgy x 100 (96); the current study contidkd for 
energy via nutrîcnt/lOûû iccaL 
** O h  decrase rtpiwcnts the differrnce betwuo absolute intrkc and encrgy coatroiled iatrlcc on the 
values for CV inter and intm. 

when total eneqy intake was motroUed for: Beston et ai. versus current stady. 
9 

Table 5.4. M a n  energy iatake, SD and CV of Beaton et al. and the current study. 
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3 1 
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1 Beaton et al. 
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1793 I 733 
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24 



population. It is possible that the apparent consistent intakes between individds in this 

population couid be due, in part, to the fact that ail of the individu& were at end-stage 

disease progression and bedridden. The resultant homogeneity amoog the group fiorn an 

energy expenditure perspective could have then resulted in the seemingiy uniforrn intakes 

across the group. 

Indeed, when the SD and CV of mean energy intakes were compared between 

Beaton et al. and the current study (table 5-4; agah, characteristics of the Beaton et al. 

study can be found in Table 2.1 ), both the SD and the CV in Beaton et al. appear Iarger 

than those from the current study. While the larger SD as seen for -ton compared to 

the current study could be argued to be a resdt ofthe larger mean, this would not be the 

case for the larger CV. Thus, in this case, the apparently srnaller CV observed for the 

present population, would be consistent with there king less differences behveen these 

individuals than the fie-living, as they are cepcesented by the Beatoa et al. population. It 

is aIso possible that the larger SD and CV are due to the Iarger sample size in the Beaton 

study (n=30). 

The decrease in the V-ratios for carbohydrate and fat, that occurred when energy 

was controlied for, could be arguably attnbuted to less difference between-individuals in 

energy intake. The srnaller differences between-individuals in energy intake would be 

reflected by less of a decrease in the beîween-individual variability (CV inter) than the 

within-individual van'ability (CV intra; Table 5.3). Thus, contrary to the fiee-l iving 

population, we would expect to see the V-ratios decrease in this population when 

controiling for energy. 



The fact that the V-ratio for protein did not also decrease, but actually increased, 

is the result that is the anomaly in light of the previous argument Uniike carbohydrate 

and fat, when energy is controlled for, protein shows a greater decrease in the between- 

individual variabiiity (CV inter) than the within-individual variability (CV intra). The 

greater decrease in the CV inter for protein, upon controlling for energy intake, indicates 

the greater contribution of differences in energy intake between individuals to the 

variability of this nutrient than that of carbohydrate and fat 

in light of the previous argument, that this may be a homogeneous population 

with regards to energy intake, perhaps the different pattern seen with the V-ratio of 

protein is reflective of differences in the protein density of the diet between individuals as 

a result of differences in food selection as represented by supplement intake. Intervention 

on protein intake, through the use of supplements, is a focus in this population, and 

everyone in this population is consuming fiom the same food pool such that the main 

difference between-individuals may be whether or not supplements are k i n g  consurned- 

It may be that those who are perceived to have lower intakes may be the ones who end up 

consuming more supplements because of conscious intervention, thus resulting in the 

variability of protein behaving differently fiom that o f  carbohydrate and fat 

5-33 Enerw lntake from S u ~ ~ l e m e n t s  versus Overall E n e m  Intake 

Depending on energy intake, it is possible that différent individuals were or were 

not mcre likely to receive supplements, so that it could be argued that those individuals 

with lower intakes were more likely to be targeted for intervention with supplements than 

those individuals with higher intakes. This concept was tirst explored with the use of the 

Spearrnan rank correlation procedure. Supplernent intake was examined both as a 



proportion of total energy intake (%) and as kcals comumed Total energy intake was 

examined both as total energy intake outside of supplement consumption (kcals) and total 

energy intake achieved, which included kcals Corn supplement consumption. Based on 

the previous argument, it was expected that there would be a negative relaîionship 

between supplement intake and total intake. Panels (a) and (b) in Figure 5.1 Msually 

facilitate the discussion of the analyses. 

Figure 5.1, panels (a) & (b) show mean total energy intakes divided into mean 

intake outside of supplements (white bars) and mean intake corn supplements (striped 

bars). Panel (a) is ranked fiom low to high by intake outside of supplements, and the 

Speannan rank correlation supports what is apparent visually, which is that those with the 

lower mean intakes outside of supplement intake have the higher mean kcals coming 

fiom supplements (Spearman correlation c0efficien~.-0.22 with p=0.009; n= 1 33). 

What is not clear, however, is how much of a role, if any, displacement is playing. 

Panel (b) is ranked low to high by total intake achieved, and illustrates that there 

is consumption of supplernents across al1 levels of total energy intake achieved. Visually, 

it does seem that those with lower total energy intakes have a greater proportion of intake 

fiom supplements compared to those at the higher end of total energy intakes. However, 

when supplement intake \vas represented as a proportion (%) of  total intake, there was no 

significant correlation found between supplement intake and total energy achieved 

(including energy intake fiom supplements) (p4.50 10). When supplernent intake was 

represented by kcals, there was a positive correlation between the two variables 

(Spearman correlation coefficient=0.18; m.04; n= 133), such that those with the highest 

total intake, including intake fiom supplements, also had the highest kcal intake fiom 



Figure 5.1 (a) & (b). Histograms of  m a n  total energy intake of the 19 individuais. 
The white bars represent mean eiiergy intake without kals from suppkment intake 
and the striped bars represent mean supplement intake (kcal). (a): Intakes are 
ranked from low to Ligb by meaa intike t b t  dots not iiclrdc intalre froa 
supplementJ (white bars). (b) Same as (a) exeept intalres are raaked from low to 
higb by oveirll energy intake acbieved (white and striped bars combined). 
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supplements. [t is possible thaî this relationship would be expected, as those with greater 

energy intakes may have been more likely to have consumed more food, including 

supplement., relative to those who had lower energy intakes. It is also possible that this 

is consistent with the augmentation of  total energy intake by supplement intake. That is, 

those individuals who show higher total energy intakes, do so because of higher 

supplement intake. 

In order to examine this concept in more detail, the m e  relationships were 

investigated with the use of a multiple regression model using supplement intake as the 

dependent variable (proc glm: mode1 'supplement i d e '  = 'subject' 'total intake' 

's ubjec t*totaI intake' ). This model accounts for di fferences between subjects and 

repeated measures within subjects through the incl usion of 'subject' and 'subect*meal ' 

(interaction variable) in the model. The regression plots, and R square values, are not 

s h o w  for these analyses as they would not reflect solely the reiationship, between 

supplement intake and energy intake, in the manner that the multiple regression mode1 

a11 ows. 

When the relationship between supplement intake (kcal) and total energy intake 

outside of supplements was examine4 the relationship was not significant (m. 1646). 

Furthemore, as was seen with the Spearman rank correIation, while it was thought that 

perhaps those with the lowest total energy intakes achieved may have had the greater 

proportion of intake coming from supplements (%), in fact, no such relationship was 

found (p4.5035). When supplement intake was represented simply as kcals, again 

simdarly to the Spearman rank correlation, a significant positive relationship was found. 

That is, those with lower total energy intakes also had the lowest consumption of 



supplements as kcals, and as total energy intake achieved increased, kcals nom 

supplement intake dso increased (p=0.04; slope0.09). As discussed with the previous 

Speaman analyses, this could arguably be an expected logical relationship, or it could be 

consistent with supplement consumption augmenting energy intake. 

While this exploration set out to examine the effect o f  level of energy intake on 

supplement intake, the difficulty in separating one fiom the other became apparent. Part 

of the difficulty here was that, unfortunately, delivery tvas not rneasured in this study, and 

therefore if a patient did not consume at least part of a food item it is not in the data set. 

Thus, it could not be examined herein whether or not those with lower energy intakes 

actually were delivered supplements more ofien than those individuais with higher 

energy intakes, which wuld have been another way to get at this issue. Furthemore, 

what also cannot be tmly separated here, is what the energy intake wouid have looked 

like had supplements not been offered/consurned Thus, with reference to the discussion 

of the possibility of supplement intake augmenting total energy intake achieved due to 

the higher consumption of supplements (kcal) in those with higher overatl intakes, 

clearty, it would be unknown as to whether or not kcals fiom supplement intake were 

displacing energy intake that would otherwise have been consumed, or if the intervention 

\vas actuatly a successful one. 

5.3.4 Proportion of E nergv Lnta ke from Sumlements Vs. Macroautrient 

Composition of Overall Diet 

Since supplement intake (kcal) changed depending on the level of total intake it 

became of interest to investigate what rnacronutrient intake lwked like between low and 

high supplement intake. On average, the nunient composition of the supplements was 



Table 5.5. I)lacronutrient composition (% kcal) of ~upplements* Vs. Base Diet. 
Supplements 

13-0 + 1.7 Protein 
Base Diet 

14-8 i 3. le* 
Carbohydrate 48.6 & 9.8 1 65.9 + 6.7 t 

Fat 1 38-4 + 92  2 1 .O + 8-0 b 

Macroautritnt composition of suppkmeats is bucd oa the avemge consumcd of diftcrcat 
supplcment types. 

0 

Vaiues arc m a n  2 SD 



such that, as consume& they appeared lower in protein and fit, and bigher in 

carbohydrate compared to the base diet (Table 5.5). Thus, potentially the nutrient 

composition of the diet codd difier in individuais who consurned more supplements 

relative to those who consume fewer supplements. That is, as supplement intake 

increases, the macronutrient composition of the overall diet may change. 

In order to investigate this concept, regressions were run on % total energy intake 

from supplements versus % protein, % carbohydrate, and % fat of the overall diet  As 

supplement intake goes from low to hîgh (represented by the % of total energy intake 

contributed through intake of supplements), it would be expened that % fat and %protein 

in the overall diet would decrease while % carbohydrate in the overall diet would 

increase. Indeed, the anticipated associations were observed (Figure 5.2, panels (a) - 

(c)). The finding that is perhaps of greatest interest here is that as energy intake from 

supplements increases the % protein in the overall diet decreases. This result would, of 

course, be the complete opposite of the desired outcome of intervention with 

supplemen ts. When these relationshi ps were examined using mean supplement intake 

(kcais), instead of as a % of intake, the relationships were similar but weaker (% pro vs. 

mean supplement (kcal) p=0.050; % fat vs. mean supplement (kcal) p 4 . O  15; % carb vs. 

mean supplement (kcal) p4.O 15; regression plots not show) .  

Upon cioser examination of the regression plots in Figure 5.2 (a - c), it appeared 

possible that two subjects (indicated by arrows) were perhaps driving the relationship. 

Therefore, the regressions were ntn again with these two subjects removed (Figure 5.2 (ci 

- f)). However, the only relationship to lose significance was the negative association 

between % protein of the overall diet and % efiergy from supplements (Figure 5.2 (d)). 



Figure 5.2. Linear regressions on % proteia, % carbohydrate, and % fat of overail 
diet versus % energy intake from supplements. Figures (a), (b), and (c) based on ail 
subjects (dela).  Figures (d), (e), and (f) bave subjects 2 & 8 removed (df=16). 

% Tobl Einrgy Intake from Suppimmnt Intake 

% Total Energy lnîake ftom SuQpkrnent lntake 

''96 Protein," "Oh cabhydrate," and '%fat" refer to the % protein, carbohydrate, or fat 
content of total energy intake achieved (Le., of total diet including supplernent inîake); 
they do not refer to the % protein, carbohydrate, or fat content ofsupplement intake 
aIone. 
** Arrows (-) ) indicate which 2 subjects were removed for the second 
analyses (d - 0. 



The relatiowhips between % carbohydrate and % fat of the overail diet and % energy 

from supplements became weaker but rernained signïficant (Figure 5.2 (e), and (f) 

res pectivel y ). 

This suggests that the negative relationship between % protein of  the overall diet 

and % energy intake fiom supplements was largely driven by those two individuals with 

excessively high intake of  supplemeats (38 and 42 % of kcals fiom supplernents 

compared to the rest of the g o u p  which were al1 below 28% kcals from supplements). 

Furthemore, these 2 individuals had arnong the 4 lowest mean energy intakes in the 

gro up (in Figure 5.1, panel (b) they are subjects 1 and 4), making thern a vulnerable 

sector of this population. That is, the individuals with the highest proportion of their 

energy intake corning from supplements are those who obtained the lowest % protein in 

their overall diet and were among those with the Iowest overall energy intake achieved. 

However, this trend would not appear to apply to the rest of  the population who 

consumed supplements in conjunction with the base diet Hence, it is more likeiy that 

rather than being outliers, these two subjects (10% of this study population) are acîually 

revealing something important about this population with regards to intake patterns. 

When these reiationships were exarnined based on absolute intake (g) of the 

macronutrients, using al1 19 subjects in the anatyses, the relationships between protein 

and fat and % energy intake from supplernents held (figure 5.3 (a) & (b)). However the 

relationship with carbhydrate did not hold(figure 5.3 ( c ) ) .  This would be expected 

however, because the two individuals with the highest intake of supplements had among 

the lowest total energy intakes in the group, and therefore they could not have had among 

the highest absolute carbohydrate intakes in the group. Furthermore, the 2 subjects had 



Figure 5.3. L i n a r  regrasions on mean iitake (g) of carbobydrate, fat and protein 
in overall diet versus 74 of total eiiergy intake coming from supplement intnke. 

(a) f rotein 
90 r t 

(b) Fat 
120 7 1  

(c) Carbohydrate 

240 



the lowest absolute protein intakes in the group, with intakes below the recommended 

0.86glkg for women, (subject 2 = 0.74gkg; s u  bject 8 = 0.56gBcg) further indicating their 

vuinerability (see Table 5.6 for mean protein intake of these 2 subjects; see Table 5.7 for 

the group mean intakes). 

For subject 4, while the % protein intake in her total diet does appear to be at the 

Iow end of the group, there appears to be tittle difference in the macronm-ent 

composition between her base diet without supplement and the supplernent (Table 5.6). 

Thus, it would appear that the supplement is rnissing the opportunity to augment the 

protein intake of this individual. ïnstead, the high cahohydrate content of the 

supplement is supporting the high carbohydrate content of the overall diet, in this case. 

For subject 1 .  while the % protein intake in her toîal diet couId be described as being 

beyond the Iow end of the group range, it does appear that supplement intake is indeed 

augmenting her intake. However, similarly to subject 4, the high carbohydrate content of 

the supplement appears to be taking away fiom the opportunity to further augment the 

protein intake of this individual. 

The addition of a thickening agent to the supplements resulted in the dilution of 

the suppiement in regards to protein- The thickening agent used was infant cereal which, 

whiie containing valuable micronutrients, is composed mainly of carûohydrate. The 

thickener was added in order to compensate for the swallowing difficulties that this group 

exhibits. Since the cereal is hi& in carbohydrate and relatively low in fat and protein, the 

protein and fat content of the supplement would be diluted while the carbohydrate 

content would be e ~ c h e d  (see Table 5.8 for macronutrient composition of thickened vs. 



Table 5.6. Macroniitrient composition of  suppkutents only, the diet without 
supplernents, and the toîal diet including supplements, for subjeeb 4 and 1 (those 
with the lowest proteiri in their diets). Al1 values are mean _+ SD. 

1 smCT 1 
j Intake (Kcal) ! 908 i- 259 

I sUB%m4 1 
In ta ke (Kcal) 
% Intake fmm 

1 Supplemenîs 

1 
, Protein % & (g).* 
1 CHO % & (g)  

6 other than 

! Suppiemeoîs 
Proteiu %' & (R)" 
CHO % & (g) 

Table 5.7. Macronutrient composition of supplement only, the base diet without 

1 165 + 392 1 

38 2 8  1 

Suppkmtnt 

12 2 1 (4 i 2) 
60&7(23+8)  

j Fat%& (g) 1 2 8 2 8  (522) 

\ Fat % & (g) 14&9(3&2) 1 2525  (1422) 21&5 ( 2 0 3 )  
Bolded numbers represent intake of macronutrient as a percent (%) of calories. . . 
Bracketed numbers represent absolute intake in gram (g). 

o.. 

Group mean intake for % carbohydrate in the diet is 4%. No other subjects were over 500, 
the two in this table. 

- 
i 

1521(6+_4) 1 6 2 1 ( 8 + 2 )  1021  (2226)  i 
71 + 8 (27 + 16) [ 70 + ~ " ~ ( 9 2  2 38) 

supplements, and 
the total diet including supplements, for the whole group of 19 individuals (n=133). 

1 Fat % & (g) 1 
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supplement 
1222 (21 + 8) 

61+10(106+32) 
32211(26214) 

70 5 4'.*(16 1 _+ 50) 

f 

1 

, Mean Intake ( K d )  
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Supplements 

Table 5.8. Macroautrient com~osition o f  thickeaed vs. unthickened su~~lements. 

Tora1 Diet 
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60+7~*~(175+62) 
31 5 7(40 5 19) 1 

Cmup Totai 
1482 + 45 1 

15 5 14 
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Without 
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Lncluding 



unthickened supplements). Thus, if an individual were obtaining a hi& proportion of her 

intake from the supplement alone, her diet could potentiaily be lower in protein than 

wouid be the case if a thickener lower in carbohydrate were used 

Thus, it appears that the macronutrient selection o f  the two individuais, from the 

base diet alone, consists of a high proportion of  farbohydrate (Table 5.6) compared to the 

group as a whole (see Table 5.7 for group values). The group mean intake of 

carbohydrate fiom base diet, without supplement intake, is 47b/o, where no one is above 

50% except for the two individuals (6 1 % and 70%). Therefore, the high selection of 

carbohydrate outside of the supplements may also be diluting the protein in the diet of 

these two individuals. This points to the importance of food selection from the other 

foods on the tray when a high proportion of  kcals is coming fiom supplements. 

5.3.5 V-ratios of E o e w ,  the Macronutrieats and Water Excludine the 2 

"Out!iersWV-ratios Based on Absolute Intake 

Upon discovexy of these two subjects, it became clear that due to their differences from 

the rest of the g o u p  they could be affecting the variability rneasures observed. Thus, it 

became apparent that it could be revealing to examine the V-ratios while excluding these 

two individuals. Table 5.9 presents the results of these anaiyses. Upon exclusion of the 2 

individuals previously discussed, the V-ratio for energy appeared to be higher than it kvas 

previously. When examining the V-ratios for the rnacronutrients based on absol ute 

intake, the V-ratios for protein and fat also appeared to be higher, and that for 

carbohydrate lower, than previously. For those values that increased, this would imply 

that, upon the removal of  the two individuals, even a greater proportion of  the variability 

is corning fiom the difference within-individuais rather than between-individuals. This 



Table 5.9. Pooled estimates of within- and between-subject variation in energy and 
nutrient intakes per day over 7 days with subjecis 2 & 8 removed (n=17). Data is 

shown hem to preseat a dcifcr pi- of the absdute mage around mun intakcs, The CV i n m  
and CV inter a n  also sbown to st.ududat tbe variruces arouad tbe means. .. 
The bracketcd nrimbers mpresent tbe ./. dccnwc for the CV inter and CV i n t n  upon eontroliing 

for eoergy intakc. 



would indicaie that there was even less difference in intake between indivîduals upon 

removal of the 2 subjects, making the population more homogeneous. 

53.6 V-ratios for Macronutrients and Water Based on E n e w  Controlled 

In ta ke 

Upon examination of the V-ratios of the macronutrients based on energy- 

controlled intake (nutrienVI000 kcai) and exclusion of the two subjects, the V-ratios for 

protein and carbohydrate increased However, the V-ratio for fat achially decreased, 

although minimally, when compared to the values for V-ratios based on absolute intake. 

Clearly there were differences in the marner in which the V-ratios presented when the 2 

subjects were removed Mainly, there were even fewer di fferences between individuals 

as indicated by the generally higher V-ratios. This would make sense, as upon the 

removal of the 2 seemingly "outliers," the group would then become more homogeneous. 

Out of the generally higher V-ratios, of note would be the seemingly very high V-ratio 

for energy controlled protein. This woufd indicate a very large proportion of within- 

individual variability compared to between-individual variability for this nutrient. 

Indeed, there was only a 4 % difference between individuals on protein intake when 

energy intake was controlled for (Table 5.9), indicating little difference on the selection 

of protein between-individuaIs. 

5.1 Summary and Discussion 

The objective of this chapter was to begin an exploration of variability in intake 

and the contributions of within- and between-individual variability, as well as the effect 

of supplernents on intake and vanability. The major findings were that the proportional 

contibutions of the components of variability to overall variability appeared different 



than those previously reported for £tee-living individuals. Examination of the within- anci 

between-individual variability and V-ratio for energy intake of the 19 elderiy 

institutionalized individuals herein indicaîed that they have a larger V-ratio for energy 

than the fiee-living samples studied to date. It is important to note that the effects of data 

collection methods on within- and between- variability may also contribute to differences 

seen in the V-ratios. However, to predict the direction of the effect on the cornponents of 

variability would not be possible. 

#en energy intake is controlled for, this population appears to display 

differences fiom the fiee-living population studied in Beaton et al. in regards to V-ratios 

for fat and carbohydrate. Both of these V-ratios decrease in the current study while in the 

Free-living (Beaton et al.) they increase when energy intake is controlled for. The 

decrease, in the present population, may be explained by the apparent homogeneity of 

energy expenditure in this population, which would likely result in less differences in 

energy intake between individuals. 

By increasing, the V-ratio for protein did not follow the pattern of that for 

carbohydrate and fat when controlling for energy intake. As a result, the reiationship 

between total intake and supplernent use was subsequently investigated. hitially, as 

expected, it did appear that those with iower mean energy intakes outside of supplement 

intake had higher mean supplement intake in kcafs. This Ied to the expectation that these 

individuals might have had a greater proportion of their energy intake coming frorn 

supplements. This was not the case however, and finthemore, contrary to expectations, 

a positive effeçt of total intake on supplement intake in kcds was found, indicating that 

supplement intake increased with increasing total intake. These analyses brought to light 



the limitations in examining this issue due to successful venus wuccessf id  intervention 

with supplernent use, and the difficulty in separating supplernent intake and total intake. 

The macronutrient content of the diet in association with increasing supplernent 

intake was then explored. A surprising hding of that analysis was that those with a 

higher proportion of  their energy intakes coming fiom supplements actually were 

obtaining the least % protein in their diet A M e r  examination o f  that finding, led to 

the discovery of  two individuals in the group who had among the 4 lowest energy intakes, 

and had the 3 towest protein intakes in the group, that would perhaps put them at rkk. 

The examination of  the macronutrient makeup of the diet of these 2 individds 

fed to the discovery that the use of a hi& carbohydrate thickener was diluting the % 

protein, and enrichhg the % carbohydrate content of the supplements used in light of  

this, the supplement may not have been used to its highest potential for the augmentation 

of protein intake with the use of a hi& carbohydrate thickener. Since augmentation of 

protein intake is presurnably the main focus o f  supplementation, perhaps a thickener that 

is higher in protein, and perhaps even fat, and lower in carbohydrate might be more 

effective. Furthemore, the protein in the diets of  these two individuals might have been 

fûrther diluted by a high seleetion of  carbohydrate outside of supplement consumption. 

Thus, as supplement intake begins to constiîuîe a high proportion o f  energy intake, the 

composition of  the foods selected outside of supplement consumption may become even 

more relevant. 

An analysis of  V-ratios of  this population, upon the removal o f  these two 

individuals, revealed that there appeared to be even Iess difference between individuals in 

intake than previously postulated. Of note was the seemingly high V-ratio for protein 



when energy was controlled for, Uidicating a very small B e r e n c e  between hdividuals 

on the intake of protein Generaily, the findings support the notion of a homogenous 

population in terms of energy intake. However, while differences in intake between- 

individuals appear minimal, this m o t  necessarily be assumed to be the case for 

âifferences in intake within-individuals for this population 

The drarnatic changes in the observed V-ratios of the group, upon the removal of 

the 2 uoutliers," points to the apperently high sensitivity of the V-ratio to whom is 

included in the group of  interest, as well as Iikely to the number of individuals in the 

group. This would have implications for the genemlizability of the V-ratio findings for 

this population, as well as for tindings among the ke-living, where populations used for 

study would have many more factors creating heterogeneity than the present study. 

The effect of the combination of end-stage AD and institutionalization may be 

one of decreased overall variability of intake for this population. However, while many 

sources of variability for intake may be minirnized in the institutional setting, the findings 

also reveal that these conditions do not allow for the assumption of  low within-individual 

variability for these individuals. Furthemore, the issue is raised in regards to 

composition of diet versus energy intake in some individuals in this popdation, wïth the 

use of supplements thickened with a high carbohydrate thickener. While the thickener 

addresses swallowing disorciers associated with the progression of AD, and potentially 

increases total energy intake, its effect on the macronutrient makeup of the diet of those 

who are dependent on it for a high proportion of energy intake needs to be considered 





6. MEAL-WLATED VARLABILITY IN INTAKE 

6.1 Rationale 

Informa1 anecdotal information fiom nurses at Baycrest, as descrïbed in section 

2.8, imply that breakfast is the best consumed meal of the day in individuals with a high 

degree of cognitive impairment While this information was not directly refemng to 

redents in this study population, the overdl perception for this type of population 

appears to be that there rnay be a consistently high consurnption of breakfast compared to 

1 unch or dimer. At the sarne tirne, however, the nutritional profile of breakfast appears to 

have the lowest energy value and nutrient density of the three meals, due to its reliance 

on hot cereals. If correcf this could represent a missed oppominity, whereby food 

delivery practices rnay not be paralleling the actual intake patterns of the individuals 

involved If breakfast were indeed the best-consumed meal of the &y, then it may be 

important to change its nutrient profile to take advantage of this situation. The 

presumption is, if nutrient dense foocis are given to the group when they are more likely 

to be wel 1 consumed by most individuals, daily energy and nutrient intakes will likel y be 

increased despite any fluctuations in intake throughout the other rneals in the day. Thus 

allowing for intervention at the group level. 

For the purposes of this analysis, a "consistently wefl consumed" meal is defmed 

as a meal where there is a high energy consumption relative to the other meals, and the 

individuals in the group as a whole do not Vary much in their &y-to-day energy intake of 

the meal. While, variability in delivery would likely be a contributing factor to 

consumption patterns in this institutionalized elderly population, perhaps even having an 

effect on their meal-to-meal consumption, this study did not collect delivery data. 



Thus in the current study, to identie a meai that is coosistently well consumed by the 

group, three criteria are important to consider. Relative to the other meals in the &y, the 

rneal should: (1 ) have a high average energy intake; (2) have a small average within- 

individual variability; and (3) have a small range of within-individual variability in the 

group (Le., while the average should be small, the range around that average should also 

be small). Therefore, to explore caregivers' general perceptions, and how they may apply 

to this specific group of individuds, meal-related intake, within-individual vanability, 

and its range, were examined to determine if a meal that was more consistently well 

consumed among ail patients in this population could be identified 

6.2 Methods 

Mean energy intake, and within-individual variability, were tested for significant 

di fferences across meals. Within-individual variability was estimated for eac h individual 

based on her 7day  food intake and expressed as either within-individual SD or CV. 

Group mean within-individual SDs and CVs, along with their corresponding measures of 

variability (e.g., mean SD SD) were then calculated and are provided 

An ANOVA procedure (proc glm) with repeated measures w a s  used to detennine 

whether significant differences existed between meals on mean energy intake and mean 

within-individual SD and CV for energy. Tukey's p s t  hoc test was then used to identify 

which speciflc meaIs were significantly different from one another. A 95% confidence 

level was used for both the ANOVA and the Tukey's test. Prior to testing for significant 

differences, the data were examined for normdity. The distributions of intakes, and 

within-individual SDs and CVs, for energy, and the macronutnents, were assessed for 

normality at each rneal, rather than on the data as a whole, since the meals were the 



categories being compared with one another. Nomality was assesseci through the visual 

examination of the frequency distributions, and the caiculation of the Shapiro-Wilk 

statistic (W), which indicates whether or not the data are normally distributed. Measures 

of skewness, which indicate magnitude and direction of skew, were dso examined- 

Most data for energy intake were not norrnally distributed, consequently the data 

for intake of this nutrient at al1 3 meals were transformed by using square root + 20, 

which yielded normal distniutions, The data for the macronutnents were not 

transforrned, and subsequently were not compared for significant differences. This was a 

result of the judgement that the main issue of practical importance wouid likely be the 

differences in energy intake and its variability at the various meals. However, descriptive 

data on the intake and variability of the macronutnents were included for reference and 

discussion. 

While the tests for significant differences were perfomed on the transforrned data 

for energy intake, the results were reported showving the untransfonned intake values. 

Distributions for the within-individual SDs and CVs of energy intake were statistically 

normal; thus these data were not tmnsfonned, and tests for significant differences wvere 

perfomed and reported on the untransforrned data for these values. 

6.3 Results and Discussion 

6.3.1 Mean Intake and Within-individual Variability (SD) of Eaerw and the 

Macronutrients across Meals 

The mean intakes and mean within-individual SDs were tested for significant 

differences across meais for energy and the results are presented in Table 6.1. AISO 

reported in Table 6.1, while not tested for significant ciifferences, are the mean intakes 



Table 6.1. Mean energy and macroiutrient inîakes, man within-individual SD, 
and the range of within-individual SDs for breakfast, lunch and dinner. 

1 1 1 I i 1 
Nutritional 
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&"' Values having different superscript letters were significantly different from one 
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and mean within-individual SDs for the rnacronutrients, as well as the range of within- 

individual SDs for al1 of the nutritional components examine& Energy intake at 

breakfast was significantly lower than that for both lunch and dinner, which were not 

different fkom one another. Furthemore, upon examinhg the mean intakes of the 

macronutnents, intakes for lunch and dimer also tended to appear similas to each other, 

but higher than that for breakfast, with the exception of carbohydrate where the intakes 

appeared similar across the meals, 

While higher mean energy intakes were associated with lunch and dinner, these 

two meals also had higher mean within-individual SDs than breakfâst. Furthemore, 

though there was no difference in rnean energy intake between lunch and dinner, dimet 

had a lower within-individual SD than lunch- This pattern would indicate that, while the 

hvo meaIs have similar mean energy intakes, dinner is more reliably consurned than 

lunch. When the range of within-individual SDs was examineci, breakfast appeared to 

also have the lowest range for eneraT and the rnacronutrients except for carbohydrate. 

Lunch and dimer appeared to have sirnilar ranges for within-individual SDs for al1 

nutnents except carbohydrate. 

6.3.2 Variabilitv (CV%) of Intake for E n e m  and the Macronutrients across 

Meals - 
The fact that the mean within-individual SDs for lunch and dinner were higher 

than that for breakfast could simply reflect the higher mean intakes that are seen at these 

hvo meals in cornparison to brealdast Thus, to rernove the contribution of the mean to 

the variability, within-individual CVs were also exarnined (Table 6.2). Similarly to the 

mean within-individual SD, the rnean within-individual CV at breakfast for energy intake 



Table 6.2. Mean energy and micronutrient intakes, nean within-ind~d ual CV, 
and the range of within-individual CVs for breakfast, lunch and dinner. 
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was significantly lower than that for Lunch However, d i k e  the mean rvitbin-individual 

SD, it was not different fiom the within-individual CV for dinner. While the mean 

within-individual CV at lunch appeared to be higher than that for dinner, they were not 

significantly different. 

The fact that both the within-individual SD and CV are lower for breakfast 

indicates that the variability was not solely driven by mean intake. That is, energy intake 

still e-xhïbited lower variability at breakfast when talring the mean intake into accouot 

However, the difference in variability seen between lunch and dimer when examining 

within-individual SDs did not statisticdy hoid when within-individual CVs were 

examined, even though they appeared to rnirror the pattern of the within-individual SDs. 

Despite this, the fact that the within-individual SDs for lunch and dinner were different 

while the mean intakes appeared to be essentially the same would, by itself, indicate that 

the mean is not solely driving the difference seen in the within-individual SDs between 

these two meals. 

It has been detennined, thus far, that breakfast is the meal with the lowest 

variability, both for within-individual SD and CV, as well as with the smallest range of 

within-individual SDs, in energy intake compared to lunch and dinner. However, when 

the range of within-individual CVs for energy is examined, breakfast appears to become 

more variable, having a similar magnitude of range to that for lunch, and larger than that 

for dinner. At breakfast, the within-individual CVs range fiom 8% €or one individual to 

-70% for another for this nutrient. The same pattern is seen for al1 of the other 

nutritional components examined, where the range of within-individual CVs appears to 

be quite broad at breakfast A large range for a particdar meal would indicate that, while 



the mean within-individual SD or CV may be low for the group as a whole, there are 

individuals whose own day-to-day variability fa11 far from that mean. 

The dilernma here is which representation of v~abili ty,  SD or CV, is more valid 

for the purposes of identifjrïng the smallest range of within-individual variability at a 

meal. On one han4 the range of SDs is mal1 for energy at breakfast in cornparison to 

the other rneals, but this may simply be due to the small mean intake. On the other hand, 

there are individuafs who are varying by -70% around their mean intake at this meal. 

This would be representative of individuais wi-th highiy erratic breakfast consumphon 

profiles and would suggest that targeted intervention at breakfast would not be of 

consistent benefit. The suggestion here would be to consider both measures of v&ability 

in conjunction with one another. 

M i l e  the range of within-individual SDs for energy at breakfast seems to be 

smaller than that for lunch, the within-individual CVs for breakfast and lunch actually 

appear to have a similar range of - 60. However, of importance is the fact that the 

maximum CV for energy at lunch is 92% versus a maximum of 67% for breakfast. Thus, 

although the ranges appear to be similar, the higher maximum CV would indicate that 

energy intake at lunch, for some individuals, is tnily hit or miss, and that individuals' 

intake at this meal is generally more variable than at breakfast. 

The range of within-individual SDs for lunch and dimer appear somewhat similar 

in size, including apparently similar minimum and maximum values. However, when the 

range of within-individual CVs is examineci, the range for energy appears to be the 

smal lest for dinner compared to breakfast and lunch. Furthemore, the maximum within- 

individual CV for energy appears to be much tower at dimer than at the other two rneals. 



Thus, day-to-day variability in energy intake tends to be lower at dinner than at both 

breakfast and 1 unch when the range of wîthin-individual CVs is considered Again, 

however, the group mean within-individual CV for dùuier is not the lowest of the three 

meals. 

6.3.3 Van'abilitv at tbe Individual Level 

The meals were ranked fiom Iow to high for each individual according to energy 

intake, and within-individuai SD and CV, to detennine whether the pattern for 

individuals mirrored that seen for the group (Table 6.3). Indeed, based on ranking alone, 

84% of individuals have their lowest intake at breakfast, whereas Iunch and dimer are 

fairly equal in regards to ranking for the next highest energy intake. One hundred percent 

of individuals have the lowest variability at breakfist, as represented by wïthin-individual 

SD, while lunch appears to be the most variable meal with 68% of individuals king most 

variable at this rneal. For the within-individual CVs, 53% of individuals in the group had 

the lowest variability at breakfast, while 68% had the highest variability at luncb Thus, 

even when the patterns are exarnined at the level of the individual, they are similar to 

those observed for the group, such that breakfast had the lowest vaxiability for rnost of the 

group, but aIso had the lowest intake for most individuals. Lunch was the rnost variable 

rneal, while it appeared even with dinner for having the highest energy intake. Of 

interest, however, is that over half of the individuals are lest  vatiable at breakfast, and 

9 1 % of individuals have breakfàst ranked as the I " or 2"d least variable meal. Thus, an 

individual may indeed have quite a variable intake at breakfast, but it may sn'll be the 

least variable of the three meals for that individual. 



Table 6.3. Rankïng from Ion (1) to high (3) of energy iaîake, and witbin-individual 
SD and CV, across breakfast (B), lunch (L), and dinner (ID) for each individual. 
Also presented are the mean ranks, and the % of individuals who rank 14, or 3 for 
each 
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63.4 Examination for Normalitv 

Frequency distributions and the Shapiro-Wilk statistic (W) for the untransformed 

data are presented in Figures 6.1 and 6.2. These examinations of the untransformed data 

revealed interesting information regarding the intake patterns in this population. Figure 

6.1 depicts the distributions and (W) for energy intake and mean within-individual SD 

and CV for breakfast, lunch, and dinner. These results illustrate what the previous 

findings have reveded. That is, that the range in intakes, and within-individual SDs and 

CVs at breakfast, for energy, was tigtiter than at both lunch and dinner. 

Energy intake at breakfast was normally disîributed (Figure 6. I), while that for 

both Iunch and dinner was not- Frorn the distributions, it aiso becomes clear that the 

intakes of Iunch and dimer are positively skewed, with Imch appearing to be more so 

than dimer (see Table 6.4 for rneasures of skewness values). Thus, there appear to be a 

few individuals with high intakes at the two latter meals in the day, particularly at lunch, 

which are somewhat positively skewing the mean intakes at these two meals, and 

increasing the range of intakes. 

The distn'*butions of protein, carbohydrate, and fat intakes were examined (Fi-pre 

6.2), and they appear to reveal a contnbuting factor to the skewness of  energy intake. 

The positive skew in energy intake at lunch and dimer (Figure 6.1 ) is likely coming fiom 

the positive skew of fat (Figure 6.2). Fat appears to be much more positively skewed 

than any of the other macronutrients in absolute terms (g) (see Table 6.4). Furthemore, 

as fat has over twice the energy value in kcals as protein and carbohydrate, the positive 

skew of fat intake would IikeIy have that much more of an effect on the skewness of 

energy intake than would the other macronutrients. Also of importance to note, in Figure 



Figure 6.1. Frquency distributions at breokfhst, lunch and dinner foc  energy 
intake ( 0 4 3 3  - 19 individuals x 7 days of intake for each individual at each meal in 
the figure), within-individual SD of energy intake (n=19 - only 1 value a 19 
individuals), and within-individual CV of energy intake (a=19 - 1 value X 19 
individuals). Also presented are the sbapiro-~i lk* OK) statistics for normality and 
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Figure 6.2. Frequency distributions a t  breakfast, lunch and dinner for the intakes 
(g) of protein, carbohydrate, and fat (n=133 for aH macronutrients - 19 x 7 days of 
intake a t  eaeh merl for each bdividual). Also presented are  the ~hapirt+wilk' (W) 
statistics for normaüty and their probabilities" Q). 

Breakfast Lunch Oinner 

. . ' A value of I=normal distn'bution. 
Indicates the probability that a distribution is not normal 

Table 6.4. Values for the m a s u r e  of skewness* of the distributions of the intakes a t  
breakfast, lunch and dinner for energy (kcal), protein (g) urbobydrate (g) and fat 
W. 
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6.2, is the low protein and fa intake observed for breakfast, The low protein intake may 

represent a missed oppomuùty for protein intake at this meal for this population. 

Furthemore, perhaps the lower energy intake at bfeakfast, compared to the other two 

rneals, is due to the comparatively low fat content at breakfast, which rnay be reflective 

of the reliance on hot cereals at this meal- 

6.4 Summary and Discussion 

When meai-related intakes and their variability were examined using objective 

measures and criteria, no consistentiy well consumed meai could be identified for this 

group. The approach taken herein was that a group intervention should target the most 

consistently well consunied meal since it would be of maximal benefit to ail recipients. 

The criteria were: relative to the other meals in the d a y ,  the most consistently well 

consumed meal should have (1) a hi& group mean intake, (2) a low mean within- 

individual variability, and (3) a small range in the within-individual variability values. 

Unfortunately, such a meal, breakfast or othenvise, fitting these 3 requirements codd not 

be identified. 

BreaMat had the lowest variability measures of the three meals, but it also 

displayed the lowest energy intake. Also, when the range of w-thin-individu CVs was 

considered, breakfast appeared ta becorne more variable at the level of the individual. 

However, of importance is that 91% of individuals were ranked 1 or 2 for breakfast as the 

least variable meal. So, while there might be a wide range of va~iabilities for intake at 

breakfast (i-e., 8% to -70%), for a lot of individuals this is still their least or 2& least 

variable meal. Thus, if intake could be increased at this meal, it may very well serve as 



the best meal with which to improve intake based on the low van'ability relative to the 

other 2 me&. Thus, the general perception that this is the least variable meal in the &y 

would be true for over half of the individuals in the group. 

However, it is possible that the variability may be low at this meal due to less 

kcals being delivered, as this meal does have the lowest kcal intake. If delivery of less 

kcals at breakfast were to be driving down intake at this meal, it may not remain effective 

practice to serve a meai in the day with Lower energy and nutrient density values relative 

to the other 2 rneals. Rather, it would be more prudent to attempt to use al1 3 meals as 

o p p ~ ~ t i e s  for optimal feeding Thus, it wodd still be appropriate and likely more 

effective to increase the energy and nutrient density values of breakfast, especially for 

protein and fat, in this population 

A limitation of this study is that meal-related deliveries of food were not 

available. Hence, any effect of delivery on consumption and its variability levels could 

not be assessed. Thus, it would likely be effective for fùture studies to include delivery in 

the data collection process, and perhaps to even examine consumption as a % of food 

delivered, allowing for the opportunity to examine intake in this population from another 

perspective. Delivery information would also iikely allow for an understanding of 

whether or not delivery practices are dnving the observed intakes and their variability. 





7. RELATIONSHW BETWEEN INTAKE AND VARIABILiTY 

7.1 Rationale 

Anecdotal information from informal conversations with nurses at Baycrest 

reveals that there may be two categories of intake patterns in the cognitively impaired 

patients at Baycrest: "good eaten" and "poor eaters." The concept that evolved from the 

informal conversations was that the term "good eaters" refers to those who eat more food 

more consistentiy- Whereas %ad eaters" refers to patients who eat l e s  food and whose 

intakes are more unpredictable tiom one day, or meal, to the next In other words, those 

who are perceived to eat well, appear to do so consistently, and those who are not 

perceived to eat well, appear to have more inconsistent intakes. if these general 

perceptions were m e ,  and applied to this specific group, statistically, a negative 

relationship would be present between within-individuai variability (within-individual 

SD) and intake. That is, as individuals' intakes increase, their standard deviation (SD) 

would decrease. 

This theorïzed negative relationship between within-individual SD and intake is in 

con- to the positive association usually found between these two variables, in the 

I i terature, for energy and some nuûients (Beaton, Milner, McGuire, Feather and Little 

1983; Hunt et ai. 1983; Morgan, Johnson and Goungetas 1987; Tarasuk and Beaton 

1993a). That is, as mean intake increases, SD also increases. However, a negative 

relations hip between Win-individual variabil ity and intake has k e n  observed in other 

populations. For example, one study of hospitalized individuals (Breslow and Sorkin 

1 993) found that those who had higher day-to-day vanabiIity in protein intake (indicated 

by CV%) tended to have the lowest protein consumption. The study did not investigate 



this relationship for energy intake. Furthemore, in a study of lower versus higher 

income Filipino children, found that the higher income group had higher protein intake 

and a lower proportion o f  in protein intake explained by within-individual 

variance (Bhargava and Bouis 1992). However, for energy, while the proportion of 

variance explained by within-individual variability also appeared to be lower in the 

higher income group, energy intake was not found to be higher in that group. 

In free-living populations, such as in Bhargava and Bouis, it is possible that 

instability of food accessibility could result in a negative relationship. However, in 

hospitalized and/or institutionalized populations, it is possible that factors beyond this 

stability rnay influence intake such that a negative relationship results. Thus, while the 

reiationship has generally been found to be positive, at least 2 studies elsst which show 

findings to the contrary. Therefore, if the nurses' general perceptions are reflected in the 

findings herein, it may be possible, in vulnerable populations such as the institutiondized 

eIderly, that within-individual variability (SD) in intake may be a marker for Iow overaI1 

intakes. Furthemore, exploring subjective information would then be worth 

investigating further as it may present an opportunity to deveiop tools for capturing 

intake patterns for these individuals. Hence, this study investigates nurses' general 

perceptions, by exarnining the relationship between intake and within individual SD for 

energy and protein for this specific population 

7.2 Methods 

To examine the relationship between within-individual SD and mean intake for 

energy and protein a linear tegression mode1 was d Protein intake was examined as 

bo th abso l ute intake and as g/ 1 000 kcal to control for energy intake. As the perceptions 



of the nurses, in regards to consistency or inconsistency of intakes were indicated for 

meai-to-rneai in addition to day-to-&y7 the relationships were also explored by meal. 

Furthemore, it was of interest to determine whether or not there was evidence of 

intake regulation occum'ng from one meal to the ne* which would potentially affect the 

variabiIity of intake at each of the meais. Thus, to begin an examination into whether 

individuals' consumption at one meal tvas related to consumption at the next, a Spearman 

rank correlation was perfomed on individuals' within-individual SB, as well as energy 

intakes, from one meal to the next. The relationships were then examined in m e r  

detail with the use of a regression model, which was run on the withr-n-individual SD of 

energy tntake, from one meaI on the next. The regression waç also rwi for energy i n a e  

fiom meal to meai, in order to see if there were any relationships between meals. For 

wïthin-individuaf SD, a linear regression model was used (Le., 'SDnieal2' = 'SDmeal1 '). 

With energy intake, a multiple regression model was used (Le., ' m d 2 '  = 

'su bject ' 'meai 1 ' 'subject*rneal 1 '). A 'Test" statement was dso used wïth this multiple 

regression analysis (Test H= 'meai 1 ' E= ' subject~ealI  ' ), which tests for the hypothesis 

that the popdation dope = O (that there is no effect of meal 1 on meal2), and uses the 

interaction variable ('subject*mea17) as the error tem- The multiple regression model 

accounted for differences between subjects in intake, as wel l as for repeated rneasures 

within-subjects, al lowing for the use of the entire &ta set in the analyses instead of 

relying on mean intake values. This was not possible with analyses involving the within- 

individual SD, as there was only 1 measure per individual. This analysis could not be 

done for day-to-day, or for relationships between dimer and the following breakfast, as 

the days sampled for the present study were non-consecutive. 



7.3 Results and Discussion 

73.1 Relationshi~ Between Dailv latake and Within-Individual SD for 

E n e w  and Protein 

7.3.1.1 E a e m  

The results of the linear regression are presented in Figure 7.1. Contrary to the 

findings cornmon in the iiterature (Beaton et ai. 1983; Hunt et al. 1983; Morgan et al. 

1987: Tarasuk and Beaîon 1992a), no relationship tvas found in the current population 

between within-individuai SD and mean energy intake. The positive relationship simply 

indicates that as mean caloric intake increases so does the varïability since there is more 

room for intake to Vary around that mean The results in the current study imply that this 

may not be the case for this population. 

In exarnining the regression in Figure 7.1, it appears that there is a relatively 

stable variability as represented by the within-individuai SDs occurring with energy 

across individuah. That is, excluding the one apparent outlier with a SD of 604 kcals (as 

indicated by the arrow in Figure 7.1 ), there is a range in SDs of oniy 2 18 kcals (2 13 - 432 

kcats) across energy intakes (group mean SD = 334 5 65; CV of SDs = 19%; the CV of 

SDs indicates that the range of SDs for the group spreads 19% around either side of  the 

mean SD value). If the outlier is inctuded (SD=604), the range in vanation for this 

population was 390 kcals (2 13604 kcals) across al1 intakes (group mean 9 3 4 4 8  2 89; 

CV of SDs = 26%). This uncornmon finding of a consistent vm-aîion, as represented by 

within-individuai SDs, across the group as a whole is important as a variation of - 300 

kcals would ckarly have a proportionally much greater 



Figure 7.1. Linear Regression on Mean Energy Iatake (kcal) Versus Witbin- 
Individual SD for Eaergy uitake (df = 18). 

Mean Energy lntake (Kcal) 



impact on those with lower intakes (e-g, 800 kcais) compared to those with higher 

intakes (e.g-, 2000 kcais). That is, variability of300 kcals around a mean of 800 kcals 

means that there are days where the individual's intake is extrernely low versus the same 

variability around a mean of 3000 kcal, where even with the fluctuations, the individual's 

intak-e is still relatively high 

A major impetus into exploring this relationship was due to the informal 

perceptions of the caregivers that those wtio were considered to be poor eaters varied 

more in their intake of food III light of the finding of no relationship, it is possible that 

perceptions of higher variability (within-individuai SD) coinciding with lower intake may 

have been driven by concern for these patients. That is, if a patient was a "poor eatef, 

the nurses may have k e n  more cognizant of the differences in the arnounts uiis patient 

consurned corn day to &y. Thus they may be more likeiy to notice the variability in the 

intake patterns of the paîïent (e-g., whether the individual ate either none or 1/2 of her 

meal would be noticed). Conversely, due to less cause for concem, the nurses may not 

have been watching the intake of patients who were considered -good eaters," with as 

much scnrtiny. Hence, &y-today variability rnay have gone less noticed, in the "good 

eaters" versus the "poor eaters", resulting in the perception that the "gmd eaters" had less 

variable intakes. 

7.3.1.2 Protein 

Sirnilar to the findings for energy, no reiationship was found between mean 

protein intake and within-individual SD of protein intake at the daily level when absolute 

protein intake was used (p-0.5064). Nor was any relationship found when energy was 

controlled for (p = 0.2200; regression not shown). 



7.3.2 Relationsbi~ Retween Meal Intrike and Witbin-Individuai SD for 

E a e w  and Protein 

7.3.2-1 E n e m  

A significant positive relationship was found between the within-individual SD 

for energy and mean energy intake for both lunch and dimer (Figure 7.2). However, no 

si gni ficant relations hips were observed for the breakfast or nourishment meals (note: the 

"nourishrnen4' meai was consumed in the eady aftemoon, between the lunch and d i ~ e r  

meals). These findings are interesting due to the lack of any such relationship found at 

the day level for energy intake. However, this may reflect that diflerent individuds are in 

different places in the disiribution fiom meal to meal. That is, diffzrent individuais may 

be driving the relationships at difEerent rneals. This issue is addressed in the next section 

where within-individual SDs, as well as intakes, are examined from one meal to the next. 

73.2.2 Protein 

A significant positive relationship was found between the within-individual SD of protein 

intake and the mean absolute protein intake for lunch and nomkhment (Figure 7.3). 

Although dinner did not reach significance, it was approaching significance, and no 

relationship was found for breakfast (Figure 7.3). The relationships for protein remained 

when the same variables were regressed while controlling for differences in energy 

intake. In facî, signi ficant positive relationships were found between within-individual 

variability of protein intake and mean protein intake for al1 meals when energy was 

controlled for (Figure 7.4). 

The fact that there was a positive retationship bebveen SD and intake at breakfast, 

when controlling for energy, while there was no relationship found at this meal when 



Figure 7.2. Linear Regression on Mean Energy Intake Vs Within-Individual SD for 
Energy Intake at ach  meal ( d e l 8  for brealtrist, lunch & dinner; de10 for 
oourishment') 
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' d e l  O as not a11 subjects consumed nourishment; and of those who did consume 
nourishment, only those who consumed 3 or more were included Any less than 3 would 
not produce a value for standard deviation 
Arrow (-1 indicates the outlier who had the SD of 604 in the daily total relationship 
bebveen SD and intake in Figure 7.1. This subject did not consume any nourishrnent 
meals. 
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Figure 73. Linear Regmmion on Mean Protein Iatake (g) Vs Witbin-Individual SD 
for Protein htake at each m a l  ( d f  18 for Lunch; de10 for nourishmeat'). 
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Figure 7.4. Linear Regression oa Mean Protein lntake (g/l000 kcril) Vs Withia- 
Individual SD of Protein Intake at each meal (dF-18 for breakfast, lunch and 
dinner; d e l 0  for nourishment'). 
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'df=10 as not al1 subjects consumed nourishment; and of those who did consume 
nourishment, only those who consumed 3 or more were included Any less than 3 would 
not produce a value for standard deviation- 
Arrow ( . - )  points to subject appearing to drive relationship in "noun'shment." 



absolute inbke was examined, rnay reflect varkbility in protein content of the brdcfàst 

meals as delivered. Furthemore, the positive relationship found at the nourishment meai 

may be due to what appears to be one subject dnving the relationship. hdeed, when the 

regession was perfomed again without this subject (subject indicated by the arrow in 

Figure 7.4 at the nourishment meal) there was no relationship between mean protein 

intake and varïabiiity of protein intake at the nourishment meal ( e . 9 9 2  1; plot not 

shown), 

7.3.3 Eaerw & Protein Discussion 

The findings of a positive relationship between intake and within-individual 

variability at lunch and dinner for energy and protein are consistent with what would be 

expected in the fie-Living population. Breakfi- however, appears to be different in this 

population, with the finding of no such relationship at this meal. It may be that this 

apparent lack of relationship found at  breakfast is driving the lack o f  relationship found at 

the total day level. 

It is also possible that the iack of relationship at the daily levet of intake, in 

conjunction with the signifiant findings at sorne of the individual meals, may be due to 

some type of intake regdation occurrïng between rneals. There may be a lack of 

relationship at the &y level due to low variability because of stable day-to-day intakes, 

which may be being maintained through adjustments in intake at m a l s  throughout the 

day, resulting in higher variability at  meals compareci to the day level. In a study that 

\vas based on 7 ciays of intake data, and investigated the intake patterns of infants 

between the ages of 8.6 and 15.6 months (n=29) (Pearcey and DeCastro 1997), there was 

a high level of variability (CV) found around intake at individuai meals. At the sarne 



time a much lower CV for total daily intake was found The authors concluded thaî this 

was indicative of adjusting intake throughout the day with the resuit of maintaining 

relatively stable daily intakes- The current population also displayed this pattern (i-e., 

breakfast CV = 39%; lunch = 56%; d i ~ e r  = 49% and daily total = 30% both with and 

without the outlier) which wodd be consistent with intake adjustrnent throughout the &y 

according to those auihors. The infânt study population could be considered similar to 

the current population under study in that they are both completely dependent upon the 

caregïver for feeding. Yet, both populations would still potentially have some control 

over what they ate through communicaiing their wishes with facial expressions, pushing 

away food, closing their mouths etc, when they were hl l ,  or did not like a Food, for 

example. 

Furthemore, in the current population, the relationship that was revealed between 

SD and intake at lunch and dinner may have k e n  simply due to a greater range in SDs at 

those meals compared to breakfast and to daily total intake (i-e., mean SD 2 SD for 

breakfast = 94 2 42, range = 243; lunch = 282 5 94, range = 3 19; dinner = 220 2 90, 

range = 322: daily total = 348 2 89, range = 390; daily total excluding outlier = 334 2 65, 

range = 2 1 8). However, the lunch and àinner m a l s  may have had more of a range in 

SDs than the overail daily SDs, because of  the possible occurrence of physiologie intake 

regulation between meals, wiîh the rneal within-individual SDs changîng from meal to 

meal as adjustment of intake occurs. The intake adjustments throughout the day would 

result in sornewhat similar total intakes from ciay-to-&y, resulting in the subsequent low 

range of total day-to-day SDs of - 300kcais for this group. 



As discussed, the low range of varkbility seen at the daily level, and also at 

breakfast and nourishment, likely resuited in ranges of variability that were simply too 

small to reveal a relaîionship. However. rather than reflecting a lack of capturing a larger 

range in variability, the small range in intakes and variability at brealôast and at the total 

daily level, rnay be a characteristic of the intake patterns o f  this group (i.e., homogeneous 

energy intakes). 

The notion that variability at rneals throughout the day may be reflective of 

physiologie compensation of intake throughout the day led to the next senes of analyses 

which explored the pattern of variability for energy intake, as well as the pattern of 

energy intake, f?om meal to meal. 

7.3.4 Pattern of Within-Individual SD for Enerm Intake from Meal-to-M-1 

Within-individual SD fiom meal-to-meal was examined using Spearman rank 

correlation to determine whether there was any similarity in the distriiution of 

individuals' within-individual SDs from meal-to-me& The ody meal combination to 

have a significant correlation tvas lunch to dimer (Spearman correiation 

coeEcient=0.48: p4.04; breakfast vs. lunch: p4.98: lunch vs. nourishrnent: p4.28: 

nourishment vs. dinner: p=0.43), such that if individuals were highly variable (high 

within-individual SD) at lunch then they were likely to also be highly variable at dimer. 

Furthemore, these results indicate that generally, individuals were not in the same place 

in the distribution at each meal for variability. This would indicate, as mentioned in the 

previous section, that different individuals were likely dnving the relationships between 

mean energy intake and within-individual SD at different meais, possibly explaining the 

resulting lack of relationship at the &y level. 



The positive relationship between the SDs of lunch and dimer could be indicative 

of regulation occuning between these two meais. That is, while both rneals would have a 

simi lar magnitude of varÏability (e. g., both having hi& variability), the intakes could be 

at opposite levels from one another withi-n a day (e-g,  when intake at lunch is low. intake 

at dinner is high or vice versa). I f  this were iadeed the case, there would likely be a 

negative relationship between the energy i d e s  of these two meds. Thus, to examine 

tbis issue M e r ,  energy intakes fiom meal to meal were investigated ne- 

When a Spearman rank correlation \vas nui on mean energy intakes fiom meal-to- 

meal (n=19), there were no significant correlations found (breakfast vs. lunch: p=O. 16: 

lunch vs. nourishment: p-0.30; lunch vs. dimer: ~ 4 . 9 3 ,  except for nourishment and 

dinner (Spearman correlation coef£Ïcienî=û. 18; p=0.04). Thus, contra- to what rnight 

have been expected, there  vas no negative relationship found between lunch and dinner. 

Again, as with the within-individual SDs, the lack of correlations indicates thaf indeed, 

individuals are not in the same place in the distribution at  each meal except for between 

nourishment and dimer. 

To investigate, in M e r  detail, the relationships between SDs across meals, as 

weIl as intakes across meals, regression models were used For within-individual SDs, a 

I inear regression was performed. When al1 19 subjects were considered, the results, as 

expec teci, were virtual 1 y identicai to those of the S pearman rank correlation- Within- 

individua1 SD at lunch was positively related to within-individual SD at dinner (Figure 

7S), with no other significant relationships found (breakfast vs. lunch: p4.99;  lunch vs. 

nokshrnent: p=O. 14 ; or nourishment vs. dinner: ~ 0 . 3 2 ) .  



Figure 1.5. Regrrssiom on VaNbility o f  Energy Intake for Brakfast Vs. Lunch, 
Lunch Vs. Dinner, Lunch Vs. NourWhment, and Nourishment Vs. Dinner (dPl8). 
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For the analyses involving the nourishment meal, when oniy those individuais 

who consurned the noun'shrnent meal were considered (n=14) . no signifiant 

relationships were found (lunch vs. noun-shment: p=0.79; nourishment vs. dimer: 

p-0.83; regressions not shown). When examining the plots in Figure 7.5, it becornes 

clear that the lack of relationship between any of the other 3 meal combinations may be 

due to the relative lack of range in varïability in at least one of the meals involved in each 

regression. 

73.5 Pattern of Enerev Intake From Meal-to-Meal 

In order to examine the pattern of energy intake fiom meal-to-meal, a multiple 

regression rnodel was used for these analyses as discussed in section 7.2. The regression 

plots are not shown for these analyses, as the plots would not reflect solely the 

relationship between energy intake at the two meals involved in the manner that the 

multiple regression mode1 allows to be teased out- Note in Table 7.1 for these 

regressions ( where n= 1 33) the R-square values are presented for the hi1  regression 

model, as wet l as for where only 'Tubject" is included as the independent variable. This 

was done in order to compare how much of the variation was explained by the effect of 

subject, and then how much more was explained by the rest of the model (Le., by the 

previous meal, and the interaction variable 'subjecpmeal'). The p-values in Table 7.1 are 

for the test of the hypothesis that there is no effect of meal on meal (i-e, &: meal 1 = 0). 

The interaction variable is ailowing individuals' slopes to be different from one another 

for the analyses, thus showing the varïability of slopes within the group. The 



Table 7.1 Resulb for regremions of energy intake fmm meakto-meal. 

( AI1 subjccts in dam set (11433; 19 r 1 1 1 1 1 
) 7 dnys of in take data) y 1 1 
/ Breakfast vs. lunch 

am. O.. C.+ 

0.65 - - - 

Regression Variables 1 
I 
l 

~lope'  
(for the 
effect of 
med on 
meal) 

p value' 
(for 
hypothesis 
tesbng of I the effect 
of meal on 

i Lunch vs. nourishment 

1 Lunch vs. nourishment 0.11 0 . 0 2 1  
- - l - i 

~ - s ~ u a r e "  

0.08 1 0.015 0.49 1 0.41 i 

1 Excludimg subjects wbo never 
consumed the nourishment meal 
( ~ 9 8 ;  14 x 7 dnvs of intake data) 

Nourishment vs. dinner 0.04 1 0.21 1 - 1 - 1 

R-square" 

( Nourishment vs. dimer 1 0-04 1 0 2  1 I 0-45 0.37 
I 
i Lunch vs. dinner 1 0-09 1 -0- 16 1 0.46 1 037 

/ Lunch vs. dimer 1 0.10 1 -0.21 1 - 1 - I 
/ Excluding ail days when the 1 1 1 f 

1 Breakfast vs. lunch f 0-75 1 - 1 - 1 - 

- - 

(for model: (for amciel: 
meal% 1 m e d ~  

I 
1 

) Nourishment vs. àimer 1 0.79 1 - 1 - 1 - 1 
' p values are for the testing of the hypothesis that there is no effect of meal on meal; the 

abject meal 1 
subject *ma 1 
1) 

nourishmkt ma1 ru aot 
i consumed (n-40) 
! Breakfast vs. lunch 
j Lunch vs. dinner 

slopes presented are for the effect of meal on rneal, ** 
The tint R-square value is based on the full regression model. The second R-square is 

based on a regression model that includes "subject" only as an independent variable. 
R-square values were compared only for regressions where n= 1 33 
8 8 8  

no dope or R-square values were provided when multiple regression was not 
signi ficant or approaçhing signi ficance. 

abject) 

1 1 I 

/ Lunch vs. nourishment J 0.84 1 - - 1 - I 

0.57 
0.42 

- 
- 
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goal of these analyses was to determine, first, was there a meal effect, and then what is 

the group slope for that effect The slopes presented in Table 7.1, representing the effect 

of meal on meal, were derived by nmning the regression excluding the interaction 

variable, 'subject*rneair, producing one dope value for the group. 

When al1 19 subjects were considered (Table 7.1 ), a signifiant positive 

relationship was found for energy intake between the nouishrnent and dinner m a l s .  

None of the other relationships reac hed signi fiance. However, the relationships between 

lunch and dinner (negative slope), and lunch and nourishment (positive slope) were 

approaching significance. Thus, the trend between lunch and dinner appears to be 

towards a negative relationship, such that when intake at lunch is low, intake at dinner is 

high, or vice ve- This is consistent with intake adjustment occurring between these 

hvo meals, as previously described. 

However, the trend for positive relationships between lunch and nourishment and 

nourishrnent and dinner are contradictory to the negative trend between lunch and dimer. 

Figure 7.6 illustrates these apparently contradictory relationships, and since they are 

positive, the relationships between lunch and nourishment, and nourishment and dimer, 

are suggestive of consistent energy intakes between the three meals (Le., from lunch to 

nourishrnent and then from nourishment to dinner). That is, that a high consumption of 

lunch, for exarnple, is associated with a high consumption of nounshment, and then a 

high consumption of dimer. Furthemore, from those relationships, it would be 

extrapolated that, since lunch to nourishment and nourishment to dimer, were positive, 



Figure 7.6. Illustration of the Contradictory Findings of Relationsbips Between 
Energy Intakes From Lunch to Nourishment and Nourishment to Dinner Versus 
Lunch to Dinner fnvolnng al1 data (n=133). 
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then lunch to dimer would also be positive. However, again the trend towards a negative 

relationship observed for lunch to dinner is contradictory to these findings. 

When the R-square values (Table 7-11 are compared for these relationships between the 

full regression model, and the model that includes only 'subject' as an independent 

variable, it can be seen that the rest of the model explains a small amount of the variance 

after that explained by 'subject'. Indeed, the srnail obsewed dope values would reflect 

this also. Thus, while there appears to be a meal effect, whether negative or positive, it 

would be a mal1 one. 

Nonetheiess, in an attempt to understand what rnay be contributhg to these 

apparently contradictory findings, the regressions were run on these relationships using 

subsets of the population. It was thought that perhaps those who consurned n ~ ~ s h r n e n t  

were different in some way in their meal-to-meal patterns that could be contributing to 

the opposing relationships depicted in Figure 7.6. Thus, the further analyses included ( 1 )  

only those individuals who consurned the nourishment meal (14 individuals x 7 days; n = 

98) taking into account al1 days, independent of whether the n ~ ~ s h r n e n t  meal was 

consumed on that &y or not; or (2) only those days where the nourishment meal was 

consurned. Of those who did consume this meal, not al1 of hem consumed it on every 

one of the 7 days that were recorded, thus n=40 times where nourishment meal was 

consurned. It was hoped that this approach would tease out any characteristics of those 

who consume supplements, which may be contriburing to the opposing relationships. 

When the analyses were run including only those who consumed it (Table 7.1; 

n*8), the relationships were essentially the same, however slightly further Eiom 



significance. When the analyses included only the days on which it was cowumed 

(n+O), no relationships were found Thus, the analyses using the subsets did not appear 

to elucidate any M e r  understanding regarding the apparent contradictory relationships 

found when dl individuals were included, 

7.4 Summary and Discussion 

The objective of this chapter was to examine the relationship behveen intake and 

variability (represented by within-individuai SD) using objective rneasures to detemine 

whether perceptions of intake patterns were supporteci statistically. Based on 

perceptions, it was postulateci that there would be a negative relationship between energy 

intake and its within-individual SD, such that those who eat inconsistently are those with 

lower achieved intakes. When the relationship between intake and within-individual SD 

was examined it appeared that there was no relationship, either positive or negative, 

between overall intake and its variability, for energy, or for protein- Indeed, at the daily 

Ievel, it appeared that this population had a consistent variability across al1 levels of 

intake. This situation would have implications for low intakes, such that the same 

variability of 300 kcals would have a greater impact on low average intakes of900 kcals 

compared to those at higher intake levels. 

Analyses at the level of the meal reveaied that there was, in fact, some evidence 

of a relationship behveen the variability of energy intake and rnean energy intake, as welt 

as between variability of protein intake and mean protein intake. Lunch and dimer 

displayed positive relaiionships between within-individual variability and mean intake, 

which is consistent with what would be expected in free-iiving populations. However, 

breakfast did not show such a relationship, which was perhaps the cause of a lack of 



relationship at the daily level. Furthemore, the lack of relationship at  breakfast may 

have been due to the srnall range in variability at that meal compared to the other two 

meals. 

The greater range in variabilities at the lunch and dinner me&, compared to the 

relativeiy lower daily van-ability range may suggest some physiological regulation of 

intake occurrïng throughout îhe day, which could have resulted in the low overai1 daily 

variabiiie seen, in relation to the mean- At the daiiy ievet, it may be ttiat the overall 

intakes o f  this group are c h a r a ~ t e r i ~ c a l l y  homogeneous between individuais, such that 

there is no relationship between intake and variability for this group with total intake- 

Furthemore, intakes may aIso be characteristically homogeneous at breakfast, resulting 

in the associated low variability and low range in variability. 

It should be acknowledged that since positive relationships were found between 

variability and intake at some meais, both for energy and protein, perhaps the overall 

relationship exists at the &y level, however it is not reveafed due to the small sample 

size. Addi tionall y, di fferent individuals were likely driving most o f  the relationships at 

the di fferent meals, which couid have resdted in the lack of findings at the day level- 

The fact that no relationship was found at breakfas~ for both energy and for 

protein (g), could also be due to smal l sample size. However, again, the lack of 

relationship at breakfast, and at  the daiIy level, could be representative of  a characteristic 

in intake patterns of this population. They may simply not Vary  much at breakfast, and 

the positive relationship between variability and intake that is seen in the free-living, is 

simply different in the institutional setting. lndeed, results from the previous chapter 

document that estimates of variability are Iower a t  breakfast in cornparison to lunch and 



dinner. Given that contributors to varïability are Iikely afkcted differentiy in the 

institution, and intake patterns rnay be somewhat contrived rather than spontaneous, 

compared to the fiee-living, it is possible that this situation is affecting the relationship 

between the two variables in this institutionalized population. 

Analyses on consurnption and variability fiom one meal to the next were 

somewhat consistent with intake regulation occurring between intakes at lunch and 

dimer- Breakfast, again, was the abenant meal, in that no relationships were found 

involving breakfast. Unfortunately, since the days sampled for this study were not 

consecutive, any effect of energy intake at dimer on the foUowing breakfast could not be 

examined. Variability at lunch and dimer were related, and indeed energy intakes at 

those two meals were retated such that when one was hi& the other was low, which 

would be consistent with the occurrence of regdation of some sort- However, the 

positive relations hi ps between t unch and nouris hment and noun-shment and dinner 

contradict those tindinp in that they imply that consumption is simiiar across the three 

meals (Le., if it is high at lunch then it is high at nourishment and dinner). Moreover, this 

study did not keep track of feeder information, such that it could not be ascertained who 

the feeden were for any given meal and/or day. Thus, any effect(s) the feeders could 

have had on consumption patterns from one meal to the next (Le., regdation through 

hunger vs. feeder and level o f  aggression with feeding) could not be detemined. 

The findings in this c hapter are suggestive of homogeneous intake between 

individuals at a daily level, which rnay be contnbuted to, in pari. through compensatory 

intake throughout the day at lunch and dinner. Furthemore, breakfast was the aberrant 

meal in terms of compensatory intake. This meal may be different due to possible 



differences in delivery characteristics c o m p a d  to Iwich and dinner, which Iikely share 

more simiIar delivery characteristics with one another. 

Mile informal subjective information fiom the nurses may not have k e n  

supported by the findings herein, the value of subjective feedback/informaîîon in the 

institutional setting shodd not be overlooked No one would know the patient and 

hisker behaviours better than the person(s) who çare for the patient every &y, thus 

potentially providing criticai insight that might not otherwise have been obtained. While, 

it is important to be aware of the possibility of penonal bias affecting the results of 

subjective observations, information in this fom would likely be invaluable in 

conjunction with other methods o f  evaluation and should not be overlooked. 



CHAPTER 8 

GENERAL DISCUSSION 



8, GENEX.AL DISCUSSION 

The objective of üus thesis was to investigate the variability in intake of the 

institutionalized elderly with a high level of  cognitive impairment through exarnining 

within and between variability. The hope was to eiucidate information regarding the 

intake patterns of this population, and provide the b e g i ~ i n g  of a basic understanding of 

intake patterns The main goal was that, ideally, this fundamentai understanding of 

in take patterns would be appropnate for subsequent use in fàcilitating the devetopment of 

enhanced feeding practices and intervention strategies. 

The insight into intake patterns that was gleaned fiom this study led to some 

particuIar conciusions. The first hvo secondary objectives were to examine the 

magnitude of variability and describe within- and between-individual variabi lity. In 

answer to these objectives, the main findings were that, while energy intakes in this study 

population appeared somewhat homogeneous between-individuals, relative to the fiee- 

living, intakes within-individuals remained quite variable. This \vas supported with the 

findings of the relatively higher V-ratio for this population compared to the free-living, in 

combination with the finding of an average of 2 1 days required to estirnate usual intake 

for individuals, and only 4 to estimate the same for the group. When the role of 

suppternents was investigated, it became questionable as  to whether the use of 

supplements was meeting its intent. Indeed, supplement intake was not found to have an 

affect on protein intake for most of the group, nor was there strong evidence to support 

that supplements were increasing energy intakes in this group. 

The third objective was to determine whether there was a meal with the Ieast 

variabiiity in intake that also had a relatively high mean intake. No consistently 



consurned meal was found for this group. Breakfast was found to be the least vanable 

meal but it also had the lowest energy intake. The fourth objective was to examine the 

relationship between intake and van-abiliîy. This population had no relationship between 

intake and variability at the level of daily intake. This is suppomve of relatively 

homogeneous intakes in this population. Finally, there was sorne inconsistent evidence 

of intake regulation between meais in this population- 

8.1 Lmpliçatioas and Recrilmmeadations 

8.1.1 Between- and Within-Individual VariabiIitv/Relationship Between 

Intake and iîs Variabilitv 

Gaining an understanding of the within- and between-individual variability may 

contribute some insight into how to implernent feeding and intervention strategks in the 

institutional setting With the resulting fundamental knowledge of intake patterns, more 

effective approaches to reaching the goal of optimal nutrition may become apparent. 

Since the between-individual varÏabiIity for energy intakes are seemingly Iow for this 

particular popdation, it would seem appropriate, at first, to implernent interventions at a 

woup level. However, the hi& within-individual variability in intake that is present in z 

this population would iikely render such approaches less than effective. Thus the 

recommendation would be to consider interventions at the levet of the individual. 

To that end, through examining the relationship between intake and its variability, 

the hope was to be able to find support for what the subjective information was saying 

with the intention that this codd lead to the development of new tools to capture potential 

at risk individuals in the group. The perceptions were that those who were poor eaters 

had more variable intakes compared to the good eaters. The findings, however, did not 



support those perceptions. Regardless, when evaluating the intake of an individual in thïs 

population, reliance on L or 2 days of intake may not be the best route. It would likely be 

more prudent to work towards the development of a modified form of a food frequency 

questionnaire, for example, to opMe usual intake, so that evaluations may become more 

effective and efficient. 

This approach would depend on the nurses' perceptions, however the 

perspective would be one of whole foods consume& d e r  than on individual nutrients. 

It is possible that the nurses' perceptions were indeed more accurate than they appear to 

be herein, and that they were not supported by the findings, due to a difference in 

perspective of the analyses in this study. For e'uampie, the perceptions may, in fact, be 

based upon what the nurses saw left on the tray afkr the med had been consumed, thus 

they were based on % of food delivered that was consume4 rather than on total calories 

consumed In addition to this, it is likely that the nurses perceived consumption in terms 

of whole foods, rather than a c c o u n ~ g  for the diflerences in nutrient densities of different 

entrees. Whereas the anaiyses in this study are fkom the perspective of individual 

nutrients, rather than whole Foods, and as a resuit may have been unable to confirm the 

nurses' subjective observations. 

Thus, a valuable route to take in future examinations of intake patterns of this 

popdation may be to look at intake fiom the perspective of whole f d  instead of, or in 

addition to, solely exploring individual nutrients. There is at least one study, previously 

mentioned herein, (Bonelli et al. 1992) that approached the exploration of intake patterns 

in this popdation by examining oniy whole foods (e-g., meat, milk, cereals, cheese, 

legurnes and fish; consumption of each food item, at each meal, was measured as (g)). 



The study investigated the number of days of intake records required to reliably estirnate 

within- and between-variance for that population The authoa concluded that a few days 

were suficient to estimate within- and between-variance, as well as mean food intake (g). 

Future analyses in that vein, with a focus on whole foods, would Likely facilitate the 

subsequent development of a food fiequency method of capturing intake in this 

population, which might yield more m-ngful information than methods currently in 

use. 

8-1.2 Suaplement Use 

The fact that supplements did not appear to FiilfiIl their purpose effectively 

warrants fiirther examination. It is possible that there are other more effèctive directions 

to take in the effort to create optimum nutrition for this population, which do not 

necessarily corne fiom current knowledge of approaches to optimum nutrition for the 

fiee-living. First, in essence, the supplement appeared to have no effect on protein in the 

diet, whiIe fat in the diet decreased, and carbohydrate increased, with increasing 

supplement intake. Within a healthy, free-living, population, a diet low fat and hi& in 

carbohydrate might be desirable for a "heart hdthyn  diet. However, it is possible that 

this is not appropriate for use in a population, such as the present one, where energy 

intake is likeiy to be Iow, and keeping body weight and muscle mass up is criticaI. That 

is, perhaps tahing the fmus from trying to keep fat low in the diet, and reoiienting to a 

diet increased in fat and decreased in carbohydrates, may be a more appropriate approac h 

to consider. A diet such as this might offer less bulk for consumption while providing 

increased calories to these individuals who tend towards eating less. Furthemore, 

ensuring that feeding practices have an effect of increasing protein in the diet would be of 



cntical importance. Thus, if supplements were still to be employed, the type of thickener 

used likely needs to be revisited, with the goal of incteasing the protein andior fat content 

and reducing the relative proportion of carbohydrate contained in the thickener. Perhaps, 

in conjunction with changing the rnacronutrient profile o f  thickener, it might be 

appropriate to switch to the use of high protein supplements when a thickener is required. 

It is possible that an oppo-ty to be greatl y effective in optimizing the 

nutritional profile of the diet consumed might lie in investigating the use of higher protein 

foods that are used in the pureed menu, which are more fiable to be accepted by 

individuais in this group. There may be greater flexibiiity in designing the base diet so 

that there are foods offered that are high in protein, and perhaps higher in fat also, which 

are well tolerated by the clients. lmplementing the use o f  these foods at the nourïshment 

meal- m d o r  to encourage the feeding o f  these f d  first at other meals would then be a 

recommendation. 

Additionally, it might be worth investigating the idea of deveioping products 

specific to this population to address the issues of energy and protein intake in the context 

of swallowing disorders. Finally, an important point would be to urge the awvareness of 

consumption outside of supplement intake, especially with those whose energy intake 

relies heavily on supplernent intake, and to attempt to encourage consumption, first, of 

higher protein foods. Othenvise, the tendency rnay be one of the feeder allowing the 

choice of rnostly high carbohydrate foods, such as applesauce, for consumption outside of 

supplements, with the assumption that the nutrition issue has been addressed through 

supplernent consumption. 



8.13 Water Intake 

Various measures for water were present throughout the thesis. However, they 

were not discussed comparatively, as this was the fint study, in this type of population, to 

investigate water intake. Measures o f  water intake are of importance aven the concem 

for hydration in this population due to swallowing disorden. In this population at 

Baycrest, water intake is always associated with energy intake due to the use of the high 

carbohydrate thickener for al1 beverages. Fuahennore, water intake fiom the water 

content of the pureed foods consumed also contributes to fluid intake. That is, they do 

not receive fiuid independent of energy- An enlightening investigation, which was 

outside the scope of this thesis, would be to examine water intake in relation to energy 

intake for this group to see if those with low energy consumption are perhaps at risk for 

dehydration. 

8.1.4 Most Consistentlv Well-Coasumed Med 

Investigation into the level and consistency of consumption at the various meals 

was ini tiated to determine if there [vas a meaI that \vas the best consumed on a consistent 

basis for this population of individuals (Le., breakfast). I f  this were to be the case, it was 

hoped that this meal could serve as an ideal time to provide an optimally nutrient dense 

meal that woufd have a greater chance for consumption by al1 of the individuals in the 

population- However, no consistently wel1 consumed meal was identified for the group, 

which fit al1 three critena outlined 

Breakfast was indeed, as the nurses perceived, the least variable meal of the day 

for most of the group, but it also displayed a relativefy low intake. A point to note, 

however, is that it appears that breakfast may not be making fûll use of an opportunity to 



offer high calorie and protein rneals, in cornparison to lunch and dinner. This med 

appeared to display the lowest intakes of energy, protein, and fat, compared to the other 

two meals. It is possi'bte that this is due to delivery of lower levels of these nutrients at 

breakfast, only intakes could be estimated however, and delivery information is not 

known. Despite this, it would be appropriate to ensure that al1 meals are used as an 

opportunity to increase energy and protein intakes, and not be lirnited by delivery of 

iower amounts of nutrients at any m e d  Thus, a remmendation here would be to 

ensure that breakfan is also used as an opportunity to increase energy, protein, and fat 

intakes and that delivery at this meal is not a barrier to that en4 by relying on hot cereals 

for exampIe. 

Furthemore, in regards to delivery, it is possible that information fiom the nurses, 

that breakfast appeared to be the best consumed meal, was based on what was left behind 

after the meal. if less food was delivered at breakfast than the other two meals, then it 

might indeed appear as if individuals were actually consuming more food at this meaI 

since less food might have been left afier consumption. Hence, delivel practices should 

also be exarnined to elucidate its efkts,  if any, on intake and its variability and to ensure 

that it is not lirniting intake of any nutrients (Le., at protein content at breakfast). 

8.1.5 Pattern of  Variabilitv. and of  Intake. from Meal-to-Meal 

The investigation of variability (within-individual SD) fiom meal to meal, as well 

as energy intake fiom meal to meal, was undertaken with the intention of revealing any 

intake patterns that might have occurred between meals. If there was evidence of 

compensation taking place throughout the &y this would likely affect approaches to 

feeding differently than if evidence was not supportive of the existence of intake 



regulation. If biological regdatory mechanisms were uot present, this might allow for 

more creativity in feeduig practices, depending on how reliant intake might have k e n  on 

extemal, rather than intemal ùifluences, The evidence herein was inconsistent with 

regards to supporting intake regdation A recommendation would be to M e r  examine 

for evidence of intake regulation in this population, and to include caregiver information 

to controI for any effect of  feeders when examinkg meal-to-meal patterns. Furthemore, 

it would be worth while to investigate the eSxt  of food delivery on intake as a M e r  

examination of any extemal influences on intake and its variability in this population- 

8.2 Limitations 

A major [imitation o f  this study was the Iirnited size of the database on which the 

analyses were based. Seven days of intake data, as discussed previously, is a relatively 

small number of collection &YS frorn which to elucidate intake patterns. Thus, it would 

presently be unknown as to whether the cases of lack of findings in this thesis were due 

to the srnaII database size or  if they were truly reflective of intake patterns. However, the 

analyses herein were exploratory in nature and serve as a beginning in the understanding 

of this population's intake patterns. Additionally, the work herein revealed direction for 

future work in this area providing insight into how to examine these issues in future 

studies, as well as other issues to consider investigating. 

Another limitation in this study was the fact that it was not known who the 

different feeders were at different meals and on different days, thus their effect on 

observed intake and variability patterns is currently unknown. For exarnple, the 

variability from meal to meal could very well have been due to compensatory feeding 

practices by the feeder due to hisher perceptions of what the client had previously 



consurned. Additionally, different feeders in the &y7 due to shift changes could have 

contributed to differences seen in intake and van-ability for different meals. Thus, for 

future studÏes within a population such as this, it would be valuable to record fèeder 

information so that possible effects they may have can be examined and accounted for. 

FinaIIy, delivery was an unknown variable in this study. Thus, it is not known 

how much, if at d l ,  delivery patterns may or may not drive consumption patterns. For 

example, b d a s t  was the meal with the least calories consumed compared to lunch and 

dimer, but it cannot be known presently whether this was due to the fact that less food 

was actually delivered at this meal, or whether this was the actual consumption pattern of 

this popuIation- Again, for this purpose, fùture studies should included delivery in the 

data coIIection. 

8.3 Implications for the Discipline 

There is a need for a new perspective and fresh thinking in terms of approaches to 

assessment, feeding, and nutritional interventions for this type of population. For 

example, traditional methods of assessment are not applicable to these elderly 

individuals. The hallmarks of nutntional assessment are not able to identiQ those at risk 

pnor to the onset of unexplained weight loss. First, the collection of intake information 

for assessment is Iimited to the use of !, 2, maybe 3 days, which is taken to reflect usual 

consumption, however this is not enough days to adequately reflect the intake of an 

individual. Secondly, due to physical and cognitive disabilities these individuals are 

unable to tolerate anthropometric measures, or if these rneasures are obtained, reference 

values for anthropornetric measures were derived based on younger populations, and do 

not necessarily yie1d meaningful information for elderly individuals. Finally, 



biochemical measures are mainly resewed for confirmation of decreased nutritional 

status rather than for screening. Therefore, the three main methods for nutritionai 

assessrnent are not able to identify those at risk in this population such that unexplained 

weight loss is the main measure that is relied upon as an indicator o f  decreased nutritional 

status. In other words, individuats are not king identified as at risk before they start to 

[ose weight and becorne more vuinerable, and current approaches are not an appropriate 

use of time. It is important to identifjr those at risk p ~ o r  to weight loss and onset of 

decreased nutritionai statu, and traditional approac hes are not working, thus new tools 

are needed- The findings of this thesis provide the beginnings of a tùndamental 

understanding of the intake patterns of this population. The findings bring to light new 

directions to explore in an  effort to identify and develop more relevant and effective 

approaches for identifjing those a t  nsk,  and for to optimizing their nutritional intake. 



CONCLUSIONS 



9. CONCLUSIONS 

The conclusions that can be drawn fiom this thesis are: 

( 1 ) WhiIe energy intakes between-individuais in this study population appeared 

somewhat homogeneous relative to the free-living, intakes within-individuais 

remained quite variable. 

( 3 )  Supplement intake was not found to have an affect on protein intake for most of  

the group, nor was there strong evidence to support that supplements were 

increasing energy intakes in this group. Thus, it appeared questionable as to 

whether the use of supplements was meeting its intent 

(3) No consistently consumed meal was found for this group. Break?" was the least 

variable meai but it also had the lowest energy intake. 

(4) This population had no relationship between intake and variability at the Ievel of 

daily intake. This is supportive of  relatively homogeneous intakes in this 

population- 

( 5 )  There \vas some inconsistent evidence of  intake replation behveen meals in this 

population. 
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