
nutrition survey

1934 The American Journal ofClinical Nutrition 32: SEPTEMBER 1979, pp. 1934-1947. Printed in U.S.A.
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ABSTRACT A multifaceted analysis of the nutritional status of 196 subjects, aged over 65,

institutionalized in hospitals, residential accommodation, and sheltered dwellings and of noninsti-

tutionalized subjects was undertaken. Subjects of hospital and home, with or without multivitamin

supplementation, were grouped separately. The study comprised of 3-day weighed dietary record,

biochemical determinations, and clinical examination. The energy intake of females of hospitals

and sheltered dwellings was comparatively low. Dietary nutrients most lacking were potassium,

magnesium, vitamin D, and vitamin B6 Calcium and vitamin A intake were adequate. Clinical

deficiency was rare. Subclinical deficiency was highly prevalent and the deficiency incidence was:

anemia 18.6%, ascorbic acid 29.2%, thiamin 13.8%, riboflavin 7.1%, vitamin B6 42.3%, and vitamin

D 47.0%. Some kind of mineral or vitamin deficiency was observed biochemically in 91.3% of the

nonmultivitamin supplemented group and 64.3% of the multivitamin supplemented group . Regular

intake of multivitamin raised the blood levels of riboflavin and ascorbic acid to normal in all, but

failed to raise the thiamin and vitamin B6 levels to the normal acceptable levels in 2.9 and 20% of

the subjects, respectively. Suggestions are made concerning possibly higher recommended allow-

ance. Am. J. Clin. Nutr. 32: 1934-1947, 1979

There is considerable apprehension in Brit-
am that subclinical malnutrition exists in the
aged population leading to poor health, apa-
thy, and disinterest in food (1). Subclinical
malnutrition can easily precipitate to the

stage of frank malnutrition under environ-
mental and pathological stresses to which the
aged are very prone (2). Institutionalization
has been suggested as one of the few factors

that renders elderly people particularly vul-
nerable to nutritional deficiency (3). The pre-
vailing socioeconomic conditions have in-
creased the need for institutionalizing the
aged in recent years. However, only a few
nutritional status studies have been con-

ducted in institutions in the United Kingdom.
These studies have concentrated either only

on dietary intake (4-8) or on biochemical
status of a few nutrients such as folic acid (9-
1 1), ascorbic acid (10, 12), and iron (13, 14).

Despite little knowledge of the prevalence of
subclinical deficiency, prescribing of nutrient

supplements, such as multivitamins, to the
elderly has become a common practice. The

effect of regular multivitamin supplementa-
tion is, however, not known. It was, therefore,
considered interesting to study the nutritional
status of multivitamin supplemented and
nonsupplemented institutionalized and less

active enfeebled noninstitutionalized aged.
The present paper details the dietary intake,
biochemical status, and the effect of regular
supplementation on the biochemical vitamin
status.

Subjects and methods

Caucasian subjects, at least 65 years of age at the time

of the study, considered free of acute illness and eating

a regular diet were selected at random from home and

three types of institutions that are used to house the aged
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No. Groups
.

Description
Multivitamin

.
supplementation

Males Females
Total no.

.
of subjects

I

2

3

IHM

IH

RA

Institutionalized in hospital (long

stay ward of geriatric units)

Institutionalized in hospital (long

stay ward of geriatric units)

Institutionalized in residential ac-

commodation

+

-

-

1 1

13

9

43

30

17

54

43

26

4 SD Institutionalized in sheltered - 3 17 20

5

6

H

HM

dwellings

Residing at home

Residing at home

-

+

10

5

27

1 1

37

16
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(long-stay wards of special geriatric units in general

hospitals, residential accommodation, and sheltered

dwellings). Subjects from hospitals and home receiving

multivitamin supplementation regularly for at least a

period of 3 months were also selected at random and

grouped separately. A minimum period of 3 months of

institutionalization was essential for inclusion in the

institutionalized groups. The subjects were selected from

long-stay wards of special geriatric units of three hospi-

tals, two sheltered dwellings, and one block of residential

accommodation. These separate institutions were taken

as representative of the three types of care. The subjects

attending the review clinic of a hospital and with no
history of institutionalization for the previous 3 months

were selected at random and formed the noninstitution-

alized group. These subjects hived in their own homes

with or without relatives. The selected subjects were

studied under six groups as shown in Tables I and 2.

The dietary intakes of subjects in hospitals (group IH

and IHM) and residential accommodation (group RA)

were weighed and recorded for 3 consecutive weekdays

by the investigator. Subjects residing in their homes

(group H and HM) and sheltered dwellings (group SD)
were asked to weigh and record their dietary intakes for

2 weekdays and I weekend day (Thursday, Friday,

Saturday, or Sunday). The supervision was restricted to

two visits, one before and one at the end of the period of

dietary study. The data collection by weighed method
was possible. since the subjects who were mentally or

physically unable to look after themselves were usually

provided with a home-help or had a relative who looked

after them. The dietary intake data were computer ana-

lyzed using the food tables (15). The dietary intake data

of all nutrients except potassium and magnesium were

compared with the recommended dietary intake (RDI)

(16). Dietary potassium and magnesium intakes were

compared with the suggested requirements (17, 18).

A sample of approximately 55 ml ofovernight fasting

blood was drawn from each subject on the 4th day after

the 3-day dietary study for the residents in hospital

(group H and HM) and sheltered dwellings (group SD)

were obtained within 2 weeks of the dietary intake

record. The blood samples were collected, stored, and

analyzed according to the specific methods used for

estimation (Table 3). The vitamin D status was assessed

in only 49 subjects residing at home (group H) and

insitutionalized in hospital (group IH).

Each subject was examined by a physician within 3
weeks of the collection of the blood sample. The clinical

assessment included investigations for accepted signs of

TABLE I
Details of the six groups

malnutrition, surgery undergone, diagnosis, and mcdi-

cation.

The correlation between various variables was made

for each group and sex separately by Spearman’s rank

correlation analyses (33).

Results

A total of 196 subjects (5 1 males and 145
females) were studied (Table I ). The age of
the subjects ranged from 65 to 95 years (Table
2) and the average of the total sample was

79.3 years (SD = ± 7.34).
Subjects institutionalized in hospitals

(group IH and IHM) and residential accom-
modation (group RA) were provided with
meals from the central kitchen of the institu-

tion. The residents of the residential accom-

modation (group RA) were encouraged to sit
in groups of four during meal hours and were

served their meals under the supervision of a
trained matron. The elderly in the sheltered
dwellings (group SD) were provided with all
the facilities to do their own cooking, though
other alternatives such as club meals and

meals on wheels were also provided. The

latter facility was widely used (Table 2). The
subjects living at home (group H and HM)
did their own cooking or depended on spouse,
relative, or home-help for preparation of their
meals (Table 2). In the total sample, regular

alcohol consumption was noted in 15 subjects
(29.4%), with rather low consumption (568
ml Guinness twice a day) by the hospitalized
subjects. The incidence of smoking was over
50% in the males residing at home, residential
accommodation, and sheltered dwellings
(Table 2).

Dietary intake and biochemical findings

Thirty-two subjects had energy intakes <%
of the RDI (16), while protein intakes were
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TABLE 2
Details of subjects in the six groups

D�ts

Groups

IHM IH RA SD H HM

No.ofsubjects

Age (yr)

Mean

54

79.6

65-93

43

81.4

65-94

26

80.6

65-95

20

78.7

68-89

37

76.8

65-89

16

77.1

70-91

Range
Period of study

Preparation of meals (No. of

subjects)

Self

Nov. 1974-

April 1975

0

Sept. 1975-

Nov. 1975

0

Dec. 1975-

Feb. 1976

0

June 1975-

Aug. 1975

20

Dec. 1974

Jan. 1976

17

Dec. 1974-

Jan. 1976

4

Home help or others

Institutionalized

0

54

0

43

0

26

0

0

20

0

12

0

Mea1s on wheels (No. of sub-

jects)

Percentage smoking

Percentage consuming alcohol

Multivitamin supplementation

(No. of subjects)

Juvel

0

I 1. 1

3.7

54

0

7.0

9.3

0

0

23. 1

1 1.5

0

1 1

20.0

15.0

0

3

29.7

10.8

0

0

25.0

6.3

II

Ailbee 0 0 0 0 0 1

Fesovit 0 0 0 0 0 3

Orovite 0 0 0 0 0 1

Folic acid supplementation 19 4 0 1 7 6
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<3/3 RDI in seven subjects (Table 3). The

correlation of energy and protein intake was
significant (P <0.05) for all the groups except
for the females in group RA. The subjects
with energy intakes <% RDI had a higher
incidence oflow serum albumin (38.7%) than
in the remaining sample (18.9%). Similarly,

an abnormal albumin/globulin ratio <1.00
was seen more frequently in the low energy

intake group (42.5%, 28.8%).
Calcium and iron intakes were adequate in

the majority of cases, but magnesium, potas-
sium, vitamin B6, and vitamin D were lacking

in the diet (Tables 4 and 5). The mean con-
sumption of vitamin A was higher than the
RDI (16) of 750 �&g/day in all the groups.
However, the individual intake showed a
wide range.

The mean intake of ascorbic acid was
higher than the recommended in the males of
three groups and in four groups of females.
Fifty-three subjects, 12 males (23.5%) and 41

females (28.3%) of the total sample consumed
<3/3 RDI of ascorbic acid. The thiamin and
riboflavin intakes by males and females of

the six groups are presented in Table 5. Four-
teen subjects (three males and 1 1 females)
consumed <3’a RDI of thiamin. Mean ribo-
flavin intakes were below the RDI in all
except the females of residential accommo-

dation (group RA). Seventeen males (33.3%)

and 26 females (17.9%) had riboflavin intakes
<3/3 ofthe RDI.

The criteria used for biochemical findings

are presented in Table 3. The hematological
results (Tables 6 to 8) showed that 33.3%
males and 12.3% females of the total sample

were anemic (hemoglobin <13.0 g/lOO mg in
males and <12.0 g/lOO mg in females) and
for each ofthe six groups, a higher percentage
of males than females were anemic. Of the
3 1 iron-deficient subjects, only 12 were ane-
mic. Of these iron-deficient anemic subjects,

four had only iron deficiency, while six had
combined deficiency of iron and folic acid. In
the total sample, a microcytic blood picture
was obtained in 41 subjects and of these 11
were anemic. A macrocytic blood picture was
observed in only two males, one each from
group IHM and RA and of these only one
was anemic (hemoglobin = 12.3 g/lOO ml)

and had low serum folate level (1.9 ng/ml).
A hypochromic blood picture (mean corpus-
cular hemoglobin concentration <30 g/ 100
ml) was obtained in six subjects and of these

two were anemic. The cause of anemia was
not evident biochemically in these two sub-
jects.

Sixty-eight subjects (19 males and 49 fe-
males) had low serum folate levels (<3.5 ng/
ml) and of these 12 were anemic (Table 6).
One of these, as already mentioned, had a
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TABLE 6
Red cell indices and frequency distribution of subjects with anemia, iron, folate, and vitamin B12 deficiency

Groups Sex

No.of
.

anemic
.

subjects

Red cell picture No. of.
iron�

.
deficient

.
subjects

No. of

folate�.
deficient

.
subjects

No. of

B5,.
.

deficient
.

subjects

.
Normocytic

.
Micro-

.
cytic

Macro-
.

cytic

Normo-
.

chromic

Hypo.
.

chromic

IHM M 3(lh)� 8(9) 0 1 11 (II) 0 1 (11) 3(11) 0(11)

F 9(42) 29(35) 6 0 39(42) 3 4(41) 15(41) 3(38)
IH M 5(13) 13(13) 0 0 13(13) 0 2(13) 6(13) 0(13)

F 1 (30) 28 (30) 2 0 30 (30) 0 2 (29) 10 (27) 0 (27)
RA M 3(9) 5(9) 3 1 9(9) 0 2(9) 3(9) 1(9)

F 1(17) 13(17) 4 0 17(17) 0 3(17) 4(17) 1(17)

SD M 2(3) 1(3) 2 0 3(3) 0 1(3) 1(3) 0(3)
F 2(15) 5(15) 10 0 15(15) 0 8(17) 5(8) 1(15)

H M 3(10) 5(10) 5 0 10(10) 0 3(7) 3(5) 0(3)

F 4 (26) 21 (26) 5 0 24 (26) 2 3 (26) 13 (26) 2 (24)
HM M 1(5) 2(5) 3 0 4(5) 1 1(5) 3(5) 0(5)

F 1 (11) 10(11) 1 0 11 (11) 0 1 (10) 2(9) 0(10)

a Hemoglobin < 13 g/lOO ml in males and < 12 g/l00 ml in females (19). 1) The figures in parentheses represent

the number of subjects studied.

macrocytic blood picture. In the 12 folate-
deficient anemic subjects, seven had only
folic acid deficiency, two had combined folic
acid and iron deficiency, and the remaining
three had combined folic acid and vitamin B6

deficiency. All subjects with folic acid supple-
mentation had serum folic acid >24 ng/ml.

Subnormal serum vitamin B12 levels (<150

pg/mi) were noted in eight ofthe 175 subjects
studied. Two of these subjects had only vi-
tamin B12 deficiency while the remaining six

had combined deficiency with either folic

acid or iron. Anemia was, however, noted in
only one female subject who had iron defi-
ciency along with vitamin B12 deficiency.

The mean and range of25, hydroxyvitamin
D levels in group IH and H are presented in
Table 8. The incidence of vitamin D defi-

ciency was high in both the groups, being
48. 1 and 45.4%, respectively. Low calcium
levels (<8.6 mg/lOO ml) were observed in
only eight subjects and of these seven had
biochemical osteomalacia with increased al-

kaline phosphatase values. The 25, hydroxy-
vitamin D levels were obtained for only two
of the seven osteomalacic subjects and were
4.9 and 2.4 ng/ml, respectively.

The mean values and percentage incidence
of deficiency of thiamin, riboflavin, vitamin
B6 (pyridoxine), folic acid, ascorbic acid, and

carotene in the males and females of the six
groups are presented in Tables 6, 7, 9 and
Figure 1. The percentage incidence of defi-

ciencies of thiamin, riboflavin, and vitamin
B6 was highest in group SD. Despite dietary

intake being <% RDI in a few subjects (Table
10), regular intake of multivitamin raised the

blood levels of riboflavin and ascorbic acid
to normal in all. However, regular intake of
2.5 mg thiamin and vitamin B6, failed to raise
the thiamin and vitamin B6 levels to accept-
able levels in two (2.9%) and 14 (20.0%)

subjects, respectively. Of these thiamin-defi-
cient subjects, one consumed alcohol regu-
larly and had folic acid deficiency.

The biochemical deficiency of thiamin,
riboflavin, vitamin B�, and ascorbic acid re-
vealed no association with the dietary intake

expressed in terms of % of RDI (Table 10).
The results revealed that 9 1.3% of the sub-

jects in the nonmultivitamin supplemented
groups and 64.3% in the multivitamin supple-
mented group had some kind of vitamin or
mineral deficiency biochemically. However,

clinical signs of deficiency were rare. Only
one male subject living at home (from group
H) was considered undernourished, but no
specific signs were observed. This subject not

only had an albumin/globulin ratio of 0.86,
but had biochemical deficiency of riboflavin,
vitamin B6, ascorbic acid, carotene, and vi-
tamin D. Anemia was noted clinically in three
subjects (one male and two females) of shel-
tered dwelling (group SD). On biochemical

examination, the male subject was confirmed
anemic (hemoglobin = 1 1 g/lOO ml), while
the female subjects had hemoglobin margin-

ally above 12 g/l00 ml. Angular stomatitis
was observed in only one female subject re-

siding in sheltered dwelling (group SD) and
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TABLE 8
Serum 25,hydroxyvitamin D, serum calcium (mean ± SD), and distribution of subjects with low levels

Groups Sex
No. of

subjects

25,hydroxyvitamin D Serum calcium (mg/IOO ml)

Mean ± SD No. (%)
< 3.8 ngJml

Mean ± SD
No. (%)

< 8.7 mg/lOO ml

IHM M

F

11

43

9.6±0.34
( 1 l)#{176}

9.6 ± 0.55

(42)’

2 (4.8)”

IH M

F

13

30

4.37 ± 1.48

(7)�

5.08 ± 3.65

(20)�

3 (42.8)’�

10 (50.0)”

9.3 ± 0.42

(l3)�

9.3 ± 0.33

(30)’

1 (7.7)”

RA M

F

9

17

9.2 ± 0.43

(9)’

9.6±0.55
(17)’

2 (22.2)”

SD M

F

3

17

9.3±0.52

(3)’

9.6±0.51
(17)’

H M

F

10

27

8.45 ± 6.82

(6)’

6.29 ± 6.64

(16)�

2 (33.3)”

8 (50.0)”

9.8 ± 0.29
(9)’

9.5 ± 0.65
(25)’

3 (12.0)”

HM M

F

5

11

10.1±0.33
(5)’

9.9±0.67
(10)’

b Figures in parentheses represent percentage of

1942 VIR AND LOVE

a Figures in parentheses represent number of subjects studied.

subjects with low levels.

this was accompanied by biochemical defi-
ciencies of riboflavin and vitamin B#{128}(activity
coefficient of EGR = 1.42; EGPT index =

1 .20). Two females residing at home (group
H) and two males of the sheltered dwelling
group (group SD), reported extreme loss of
appetite, but had no clinical signs of B-group
deficiency. The enzyme function test, how-
ever, revealed thiamin deficiency with activ-
ity coefficient of TKA above 1.30.

Comments

The dietary intake data obtained were eval-
uated on the assumption that a habitual in-

take of <3’s RDI would indicate a poor diet
(34). All subjects institutionalized in residen-
tial accommodation (group RA) had ade-
quate energy intake. The practice of sitting in

groups during meal hours appeared to result
in an overall satisfactory energy intake. How-

ever, the lower energy intake by the hospital
institutionalized group (group H) was attrib-
utable to lack of interest in food and sur-
roundings, poor appetite with limited energy

expenditure, lack of attention and encourage-
ment during meals. The subjects of sheltered
dwellings (group SD) were considered well
enough to look after themselves, however,
more than 50% were dependent upon domi-
ciliary meal service during the day and
avoided cooking or eating proper evening
meals. This not only resulted in low energy
intakes but in an overall poor nutritional
status.

The nutrients most lacking in the diet were
vitamin D, vitamin B6, potassium, and mag-
nesium. The dietary deficiencies of potassium

and magnesium are important in the aged,
since frequent use of diuretics can readily
result in depletion (35) and cause mental and
physical disturbances (36, 37). The need of
supplementing the diet with extra milk, citrus
juice, and fortified margarine (instead of but-
ter) appears desirable to overcome the dietary
deficiency of magnesium, potassium and vi-
tamin D.

The occurrence of biochemically-deficient
levels of iron, folic acid, thiamin, riboflavin,
and vitamin B6 was highest in subjects of
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MALE
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PERCENTAGE OF SUBJECTS
FIG. 1. The percentage distribution of subjects with biochemically how and deficient levels of vitamins in the six

groups.

TABLE 10
Number of subjects with daily intake of vitamins <% RDI or >% RDI and with biochemically low and deficient

levels in the six groups

Groups

IHM IH RA SD H HM

Intake.cz2/3RDI 3 0 0 3 5 0
(a > 1.20)a (0) (0) (0) (1) (0) (0)

lntake>2/3RDI 51 40 26 17 32 16

(a> 1.20) (1) (10) (3) (6) (5) (1)

Riboflavin Intake < 2/3 RDI 24 14 2 3 13 7

(AC � l.20)’� (0) (0) (0) (3) (3) (0)

Intake > 2/3 RDI 50 29 24 17 24 9

(AC � 1.20) (0) (1) (2) (2) (3) (0)

Vitamin B6 Intake < 2/3 RDI 53 43 22 18 32 13

(EGPTindex> 1.15) (8) (21) (13) (12) (18) (5)

lntake>2/3RDI I 0 4 2 5 3
(EGP’I’index>l.lS) (0) (0) (3) (1) (1) (1)

Ascorbic acid Intake < 2/3 RDI 16 17 2 10 6 2
(PAA<0.3Omg/lOOml) (0) (7) (1) (6) (3) (0)

Intake>2/3RDI 38 26 24 10 31 14

(PAA > 0.30 mg/lOO ml) (0) (9) (1 1) (3) (13) (0)

(i Figures in parentheses represent number of subjects with biochemically low and deficient levels. “ AC, activity

coefficient.

Thiamin
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I. ANDERSON, W. F. Nutritional problems of the el-

derly. Proc. Nutr. Soc. 27: 185, 1968.

sheltered dwellings (group SD). These results
reveal the failure of this type of institution in
meeting the nutritional needs of the aged. In
this study, iron deficiency without anemia
was common and this concurs with the report
of Batata et al. (10). Folate deficiency without
anemia was prevalent, the incidence being

more than 25% in all the groups and more

than 50% in those residing at home not re-
ceiving multivitamin (group H) and the shel-
tered dwelling group (group SD). Deficiency

of folic acid has frequently been reported in
the elderly people (10, 14, 38) in the United

Kingdom. Increased loss of folate in cooking,
inadequate ingestion, absorption or utiliza-
tion (39), low iron, and ascorbic acid status
(40, 41), frequent use of drugs such as barbi-
turate, and regular consumption of alcohol
(42) appear to be the causative factors. Vi-

tamin B12 deficiency was rare compared to
folic acid deficiency. However, the incidence
ofdeficiency noted in 4.6% subjects was corn-
parable to the figures reported in the aged
population of Scotland and Ireland (43, 44).

Unlike present findings, the vitamin C sta-

tus of the aged residing in their own homes
and small welfare homes has been found to
be superior to those living in large institutions
or hospitals (12, 45). Smoking, independent
of dietary factors, has been associated with

significantly low plasma and leucocyte ascor-
bic acid levels (46) and this may have attrib-
uted to higher incidence of vitamin C defi-
ciency in home and residential accommoda-
tion, despite higher dietary ascorbic acid in-
take. The mean serum carotene levels, ob-
served in the present study, were lower than
those reported in studies of the aged from the

United States (47, 48). Of the total sample,
13.7% had serum carotene levels less than 40
mg/ 100 ml, the lower acceptable limit de-
fined by National Nutrition Survey (32). The

true significance oflow serum carotene levels
cannot be assessed satisfactorily, unless the
contribution of carotene to vitamin A intake
in the diet is known and a state of intestinal
malabsorption can be ruled out. Vitamin D
status was low in 47% of the 49 subjects
studied and the mean levels obtained were
much lower than the mean concentration of
12. 1 ng/ml reported in a group of normal

adults in the United Kingdom (30). Lower
dietary intakes and poor exposure to direct
sunlight were probably the factors responsi-
ble for low 25, hydroxyvitamin D values.

The functional tests, reliable indicators of
thiamin, riboflavin, and vitamin B6 status (24,
49, 50), revealed an occurrence of low and

deficient levels in about 50% of the subjects.
The deficiency of these B vitamins was not
solely due to intake being lower than the
recommended. Factors such as impaired ab-

sorption, disturbed transformation of the vi-
tamin to its active form or impaired binding
of the coenzyme to apoenzyme may have
affected the availability of B vitamins at cel-
lular level, despite an adequate intake. How-
ever, the lack of relationship between dietary
intake and biochemical deficiency may be a
reflection of wide individual variations in
vitamin requirements due to homeostatic ef-
ficiency or deranged metabolism.

Our data showed conclusively that the vi-

tamin deficiency that may have occurred with
suboptimal intake of nutrients at home and
hospital were significantly reduced by the
regular intake of multivitamins. However, it
was interesting to note that despite vitamin
supplementation, 2.9% of the subjects had
thiamin deficiency and 20.0% had vitamin B6

deficiency. This probably reflects a wide in-
dividual variability in vitamin requirements.
The recommended intakes are defined to
meet the needs of practically “all healthy”
persons (5 1) and do not include the increased
need of nutrients that appear to arise in the
elderly from disease, metabolic abnormality,
structural changes in the gastrointestinal tract

due to deficiency of some nutrients or aging.
The present study emphasises the need for
possibly higher recommended allowance than
the present for thiamin, riboflavin, and vi-
tamin B6. Gy#{246}rgy (52) has suggested that an
increase in the recommended allowance of
vitamin B,�, from 2 to 25 mg, would prove

beneficial in the aged. Higher levels of B
vitamins than the present recommended can-

not be easily provided in the diet of the aged
who have low energy requirements. Addi-
tional vitamins may, therefore, be needed in
some form of artificial supplementation.
However, more extensive study of ill or less
active, enfeebled subjects over 65 years would
be needed to supply information upon which

recommendations concerning vitamin su -

plementation in this group could be made.
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