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Background & aims: The temporal trends in protein and other nutrient intakes among older long-term
care residents have not been studied. The aim of this study was to explore the changes in energy, pro-
tein, and other nutrient intakes between 2007 and 2017-8 in two cross-sectional samples of older long-
term care residents in the Helsinki metropolitan area. We also studied how the residents’ disability and
stage of cognition modified the association between observation year and protein intake (g/body weight
kg).
Methods: Two cross-sectional samples were collected in 2007 (n ¼ 350) and 2017-8 (n ¼ 476) in long-
term care settings. Residents' nutrient intake was determined by a one- or two-day food record. Resi-
dents’ disability was determined by the Clinical Dementia Rating (CDR) “personal care” question and
stage of cognition was determined by the CDR “memory” item.
Results: There was no significant difference in energy intake between the observation years. Carbohy-
drates, total protein, and protein (g/body weight kg) intakes were significantly lower in 2017-8 than in
2007. Fat intake was higher in 2017-8 than in 2007. In 2017-8, the intake of some vitamins and minerals
was lower (thiamine, calcium) but some higher (vitamins A, D, C, E) compared to 2007. Residents'
disability (p ¼ 0.049) and observation year (p ¼ 0.037) were significantly associated with protein intake
(g/body weight kg), but the interaction was not significant (p ¼ 0.35). Furthermore, residents’ stage of
cognition was not associated with protein intake (p ¼ 0.22) but observation year was (p < 0.001). The
interaction was not significant (p ¼ 0.30).
Conclusions: Whereas the energy intake remained at the same level in the observation years, the ratio of
macronutrient intake changed in an unfavorable way. The intake of protein and some vitamins were
lower whereas the relative proportion of fat was higher in 2017-8 compared to 2007. As long-term care
residents become more disabled in the future, more attention should be paid to diet quality.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The dietary intake among older long-term care residents has
been examined during the last years in several studies [1e13]. In
these studies, the intake of energy, protein, and some minerals and
vitamins has been lower than the nutrient needs. The daily energy
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intake among nursing home residents has varied from 1242 kcal to
1875 kcal and the protein intake from 46 g to 71 g,1e13 while the
recommendations are �1600 kcal [14] and 1.0e1.5 g/body weight
(BW) kg, respectively [15e17]. Of vitamins, especially vitamin D and
folate have been under the recommended amount of nutrients
[3,5,11,13]. Vitamin D intake from diet has ranged from 1.4 mg to
7.1 mg and folate intake 136e257 mg/day, whereas the recom-
mendations are 10e20 mg and 300 mg, respectively [3,5,11,13,15].

Poor nutrition, including low energy, protein, and other nutrient
intakes, have been associatedwith lowmusclemass and sarcopenia,
which both in turn increase functional decline and impair quality of
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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life [18,19]. Adequate protein intake is important for maintaining
muscle mass and physical performance [20,21]. In a meta-analysis,
�1 g/BWkg/day protein intake was associated with higher
mobility and lower limb physical functioning compared to �0.8 g/
BWkg/day protein intake among community-living older people
[21]. In a six-year follow-up study among community living older
adults, higher (�1 g/BWkg) protein intake was associated with a
lower risk of developing mobility limitations [20]. In Europe, 35% of
institutionalized older people receive <0.7 g/BWkg/day of protein
[18], while the recommended intake according to Nordic nutrition
recommendations is 1.2e1.4 g/BWkg/day and according to the
PROT-AGE study group is 1.0e1.5 g/BWkg/day [15,16]. In a two-year
follow-up study among institutionalized older people, the animal
protein intake decreased during the follow-up time [22]. In a meta-
analysis, the use of an oral protein supplement was associated with
decreased mortality among malnourished older people [23].

Thus, the awareness of the importance of adequate protein and
energy intakes has increased, but despite this, the protein and
energy intakes are often low among older long-term care residents.
To our knowledge, the temporal trends in nutrient intake among
older long-term care residents have not been studied. Our research
question was how energy, protein and other nutrient intake has
changed between 2007 and 2017-8. In addition, we explore how
the residents’ disability and stage of cognition modify the associ-
ation between observation year and protein intake (g/BWkg).

2. Materials & methods

This study includes two cross-sectional samples collected in
2007 and 2017-8 in the Helsinki metropolitan area. At both time-
points, the data were collected with the same methods by trained
nurses. All participants were volunteers, lived permanently in long-
term settings (nursing home (NH) or assisted living facility (ALF),
and had a one- or two-day food record. These criteria were met by
336 residents in 2007 and by 467 residents in 2017-8. Half of the
long-term care facilities were public and half were mainly owned
by nonprofit organizations. Helsinki city purchases beds of these
nonprofit organizations. There was no difference between public
and other long-term care facilities in terms of care or residents’
demographics or casemix. In Finland ALFs aremore home-like than
NHs. In ALFs there are also group homes for residents with de-
mentia. Residents in NHs are less mobile and usually have more
comorbidities than residents in ALFs.

The local ethics committee of Helsinki University Hospital
approved the study. We acquired informed consent from all par-
ticipants or, in cases of moderate-severe cognitive impairment
(Mini-Mental State Examination (MMSE<20 points) [24] from their
closest proxies.

We retrieved the data on demographic factors, diagnoses, and
the use of medication from medical records. The Charlson comor-
bidity index (CCI) was used to evaluate residents' burden of
comorbidities [25]. The nurses measured the residents' stage of
cognition by the Clinical Dementia Rating (CDR) “memory” item
(0 ¼ no memory problems, 0.5 ¼ possible memory problems,
1¼mild problems, 2¼moderate problems, or 3¼ severe problems)
[26]. Residents with CDR “memory” of 0, 0.5, and 1 were combined
into no/mild cognitive impairment. The residents’ disability was
assessed with the CDR “personal care” question (0 ¼ totally inde-
pendent; 1 ¼ needs prompting; 2 ¼ requires assistance in dressing,
personal hygiene, and keeping of personal belongings; 3 ¼ requires
much help with personal care, often incontinent) [26]. The residents
in CDR “personal care” groups 0e1 were combined.

Nurses used the Mini Nutritional Assessment (MNA) [27] to
evaluate residents' nutritional status. MNA categorizes residents
into three groups: malnourished (<17 points), in risk ofmalnutrition
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(points 17e23.5), and good nutritional status (>23.5 points). We
collected the information about residents' use of vitamin D or cal-
cium supplements from medical records. Residents’ body
mass index (BMI) was measured as weight divided by height
squared (kg/m2).

The ward nurses filled in the one- or two-day food records
which determined the information about residents’ nutrient intake.
Nurses estimated the portion size and beverages using household
measures. Nurses gave the exact brand name in packed products.
We used AivoDiet dietary software (version 2.2.0.0, Aivo Oy, Turku,
Finland) to analyze the food records. The database includes recipes
for typical Finnish mixed dishes that are usually served in long-
term care.

2.1. Statistical analyses

Data are presented as means with standard deviation (SD) or as
counts (n) with percentages (%). We made statistical comparisons
between two cross-sectional samples (2007 and 2017-8) using a t-
test for continuous variables and Pearson's chi-square for categor-
ical variables. The relationship between CDR groups and protein
intake in two cross-sectional samples was found using analysis of
covariance (ANCOVA); models included age, gender, and CCI as
covariates. We used the bootstrap (10,000 replications) method
when the theoretical distribution of the test statistics was unknown
or in the case of violation of the assumptions (e.g., non-normality).
Normal distributions were evaluated graphically and with the
ShapiroeWilk W test. The Stata 16.1 (StataCorp LP; College Station,
Texas, USA, 2020) statistical package was used for the analysis.

When exploring the interactions of nutrient intake, observation
year, and cognitive stage, we combined CDR “memory” class 0, 0.5,
and 1 and compared that with thosewith combined CDR “memory”
class 2 and 3. When exploring the interactions of nutrient intake,
observation year, and disability stage, we combined CDR “personal
care” 0 and 1 and compared that with those with combined CDR
“personal care” 2 and 3.

3. Results

Population characteristics are provided in Table 1. In 2017-8,
residents were less likely to be widowed, had fewer comorbidities
according to CCI, and were more likely to suffer from disabilities
according to CDR “personal care” than in 2007. They were admin-
istered vitamin D supplementation more often and calcium sup-
plementation less often in 2017-8 than in 2007. There were no
differences in residents’ gender distribution, mean age, distribution
of cognitive stage, nutrition status according to MNA, or mean BMI
(Table 1).

Changes in nutrition intake are presented in Table 2. The mean
energy intakes in 2017-8 and 2007 were similar. In 2017-8, resi-
dents’ total protein intake and protein intake in g/BWkg were
significantly lower, fat intake higher, and carbohydrates and fiber
intakes lower than in 2007. The intake of saturated fatty acids was
higher in 2017-8 than in 2007. Vitamins C, D, E, and A mean intakes
were higher in 2017-8 than in 2007. The mean intakes of thiamine,
riboflavin, and calcium from the diet were lower in 2017-8 than in
2007. There were no differences in mean intakes of folate or iron
(Table 2).

Figure 1 shows the association between CDR “personal care”
groups and protein intake (g/BWkg) in 2017-8 and 2007. At both
timepoints, thosewithmore disabilities received less protein. There
was also a significant difference between the observation years: In
2017-8, the participants received less protein than in 2007. How-
ever, the interaction was not significant (p for CDR “personal care”
groups ¼ 0.049, p for years ¼ 0.037, p for interaction ¼ 0.35).



Table 1
Population characteristics in 2007 and 2017-8.

Population characteristics 2007
N ¼ 336

2017e8
N ¼ 467

p-value

Female, n (%) 278 (83) 362 (78) 0.070
Age, mean (SDa) 83 (7) 84 (8) 0.40
Widows, n (%) 209 (65) 236 (51) <0.001
Education (�8 years), n (%) 162 (55) 209 (51) 0.30
Charlsonb, mean (SD) 2.2 (1.3) 2.0 (1.2) 0.042
Prior stroke, n (%) 80 (24) 101 (22) 0.40
CDR “memory”c, n (%) 0.62
0e1 98 (32) 136 (29)
2 116 (38) 176 (38)
3 93 (30) 155 (33)

CDR “personal care”d, n (%) <0.001
0e1 57 (18) 27 (6)
2 105 (34) 93 (20)
3 151 (48) 344 (74)

MNAe, n (%) 0.98
<17 66 (20) 86 (18)
17e23.5 220 (65) 318 (68)
>23.5 50 (15) 63 (13)

BMIf, mean (SD) 25.4 (4.8) 25.1 (5.0) 0.42
Vitamin D supplementation, n (%) 179 (55) 379 (85) <0.001
Calcium supplementation, n (%) 157 (48) 144 (33) <0.001

a SD ¼ standard deviation.
b Charlson comorbidity index [25].
c CDR ¼ Clinical Dementia Rating scale “memory” item [26].
d CDR scale “personal care” item [26].
e MNA ¼ Mini Nutritional Assessment [27].
f BMI ¼ body mass index (kg/m2).

Table 2
Residents’ energy and nutrient intakes in 2007 and 2017-8 (mean and SD).

Nutrients 2007
N ¼ 336

2017e8
N ¼ 467

p

Energy, kcal (SDa) 1706 (442) 1675 (401) 0.29
Female 1665 (404) 1624 (401) 0.20
Male 1902 (553) 1848 (349) 0.45

Total protein, g (SD)
Female 60.5 (17.6) 55.5 (16.3) <0.001
Male 69.3 (20.9) 63.1 (14.1) 0.027

Protein, g/BWkgb (SD)
All 0.99 (0.33) 0.89 (0.31) <0.001
Female 0.99 (0.33) 0.90 (0.33)
Male 0.97 (0.34) 0.87 (0.23)

Fat total, g (SD) 58.8 (20.7) 67.0 (21.0) <0.001
SAFAc 24.2 (9.7) 32.5 (11.6)
MUFAd 18.3 (7.0) 19.9 (6.1)
PUFAe 7.2 (3.4) 7.2 (2.5)

Carbohydrates total, g (SD) 225 (64) 199 (49) <0.001
Fiber total, g (SD) 15.2 (5.9) 12.7 (4.7) <0.001
Vitamin C, mg (SD) 105 (61) 134 (69) <0.001
Vitamin D, total mg (SD) 14.6 (10.2) 26.1 (9.0) <0.001
Vitamin E, mg (SD) 6.3 (2.3) 7.3 (4.6) <0.001
Vitamin A, mg (SD) 690 (1024) 843 (660) 0.006
Folate, mg (SD) 235 (125) 228 (84) 0.37
Thiamine, mg (SD) 1.20 (0.39) 1.08 (0.33) <0.001
Riboflavin, mg (SD) 1.95 (0.67) 1.83 (0.62) 0.011
Iron, mg (SD) 8.7 (3.2) 8.3 (2.8) 0.054
Calcium dietary intake, mg (SD) 1146 (406) 1032 (386) <0.001

a SD ¼ standard deviation.
b BWkg ¼ body weight kg.
c SAFA ¼ saturated fatty acids.
d MUFA ¼ monounsaturated fatty acids.
e PUFA ¼ polyunsaturated fatty acids.

Fig. 1. Relationship between CDR “personal care” [26] group and protein intake (g/kg)
in 2007 and 2017-8. CDR “personal care” group and observation year were both
significantly associated with protein intake (g/kg), but the interaction was not signif-
icant. Adjusted for age, gender, and CCI [25].
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Figure 2 shows the association between CDR “memory” groups
and protein intake (g/BWkg) in 2017-8 and 2007. The stage of
cognitive impairment according to the CDR “memory” group was
not associated with protein intake, but the observation year was.
Thus, in 2017-8 the participants in CDR “memory” groups 2 and 3
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received less protein than in 2007. The interaction was not signif-
icant (p for CDR “personal care” groups¼ 0.22, p for years <0.001, p
for interaction ¼ 0.30).
4. Discussion

Residents' mean energy intake was similar in the observation
years 2007 and 2017-8. However, the intakes of protein and some
micronutrients were lower, whereas the relative proportion of fat
was higher in 2017-8 compared to 2007. The higher fat intake was
explained by a higher saturated fat intake. In 2017-8, residents were
more disabled according to CDR “personal care” than in 2007.
Residents’ disability and observation year were both associated
with protein intake. Cognitive stage was not associated with pro-
tein intake, but therewas again a significant difference between the
observation years.
4.1. Strength and limitations

The strength of this study is its large sample sizes concerning
food records in both observation years. The studies were carried out
with the same methods at both timepoints. We included in this
study residents with severe cognitive impairmentdthose who are
often excluded from this type of study. To our knowledge, there are
no previous studies comparing time trends in food intake in long-
term care settings.

Theweakness of this study is its cross-sectional design. The study
included two cross-sectional samples which were two completely
different groups of patients ten years apart, and, therefore causality



Fig. 2. Relationship between CDR “memory” [26] and protein intake (g/kg) in 2007
and 2017-8. CDR “memory” group was not associated with protein intake (g/kg), but
the observation year was. Adjusted for age, gender, and CCI [25].
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cannot be ascribed. Neither we could not determine the causality
between residents' disability, observation year, and protein intake.
Another potential weakness is the use of single questions to rate
disability and cognitive status. However, the CDR is a well-validated
and widely used measure. One limitation is that we did not evaluate
residents' ability to eat independently, and we could not explore its
associations to nutrition intake. One weakness of this study is that
the participants and wards were volunteers. Thus, they represent
those settings that are interested in nutritional care. Therefore, these
findings may overestimate the quality of nutritional care in long-
term care settings. One limitation is that the food consumption
was assessed on one or two days, which may be different from
subjects’ average consumption over a long period of time. However,
participants were assessed on different days, and there was a variety
of foods on a group level. Thus, on a group level, the food con-
sumption can be considered reliable.

The mean energy intake in both observation years was approx-
imately 1700 kcal/day. This can be considered satisfactory [14]. In
previous studies among long-term care residents, the mean energy
intake has varied from 1240 kcal/day to 1910 kcal/day
[1e7,9e12,28e30]. Differences between the studies can be caused
by differences in study populations, cultures, or the food intake
reviewmethod. A food record with direct observation is an accurate
method for institutionalized older people [31].
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In our study, the energy intake was similar in both observation
years, despite the residents' disabilities increasing. Furthermore,
there were no differences in residents' nutrition status according to
MNA between the observation years. From previous studies, it is
known that the disabilities and need for assistance with eating
increase the risk for malnutrition [32,33]. In our study, the nursing
home staff may have paid attention to residents’ nutrition and
unintentional weight loss by increasing their food energy density
with saturated fatty acids. The staff in Helsinki long-term care
settings has been trained in nutrition over the years [34]. Thus,
there have been changes in nutritional policy e for example in
vitamin prescription or greater awareness of nutritional problems
and associated better practice. One reason behind the increased fat
intake may be that the staff in long-term care facilities have learned
to increase energy-dense food for the frail residents. The training
has focused too much on increasing fat and energy instead of
adding protein. On the other hand, another explanationmay be that
fat is cheaper than protein.

However, the quality of diet declined between the observation
years. The total protein and g/BWkg intake decreased from 2007 to
2017-8. This isworrisome especially among thosewith disabilities. The
protein intake has received much attention in the last decade, and
guidelines have been published to improve quality of diet in this
respect [15e17]. It seems that the residents received enough energy in
2017-8 even though they were more dependent than in 2007. How-
ever, it also seems that the saturated fatty acids were replacing protein
and carbohydrates in 2017-8 than in 2007. This quality of diet does not
support residents’ functioning [35]. In our study, the mean protein
intake in 2017-8 was 0.9 g/BWkg/day, which is lower than recom-
mended [15e17]. Our finding is in line with previous cross-sectional
studies among older long-term care residents in which the protein
intake has varied between 0.85 and 1.0 g/BWkg/day [2,4e7,9e11].

There were some changes over time in vitamin and mineral
intakes. Vitamins A, C, D, and E intakes were higher in 2017-8 than
in 2007, but the intakes of thiamine and calciumwere lower. Higher
vitamin A and E intakes could be because of the higher intake of fat
in 2017-8 than in 2007. The increased intake of vitamin D is because
residents received more supplements in 2017-8 than in 2007.
Furthermore, lower calcium intake may be from a decrease in cal-
cium supplements over time. However, calciummean intake seems
adequate even in 2017-8. The decrease in fiber and thiamine in-
takes might indicate a decrease in the use of carbohydrates and
especially whole grain products.

Because the protein intake is important for functional capacity,
we explored its intake in various groups based on residents’
disability and stage of cognition. Residents in CDR “personal care”
groups 2 and 3 received less protein than those in CDR “personal
care” groups 0e1 at both timepoints. Higher functioning residents
(CDR “personal care” groups 0e1) did not differ between the study
years in their protein intake. However, those with more disabilities
(CDR groups 2e3) had lower protein intake in 2017-8 than in 2007.
Thus, among those needing assistance in eating fat is replacing
protein. In previous studies there have been controversial findings
regarding disability and protein intake [10,36,37].

In our study, the stage of cognitive impairment was not asso-
ciated with protein intake (g/BWkg), but the observation year was.
Particularly, residents with more cognitive impairments (CDR
“memory” groups 2 and 3) received less protein in 2017-8 than in
2007. To our knowledge, there are no studies investigating how the
stage of cognitive impairment is associated with protein intake.

5. Conclusions

Whereas the energy intake remained at the same level over the
10 years, the ratio of macronutrient intakes changed in an
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unfavorable way. The mean intake of protein was lower, whereas
the relative proportion of fat was higher in 2017-8 compared to
2007. More attention should be paid to diet quality in long-term
care. Nurses awareness about protein sources and how to in-
crease protein intake should be improved.
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