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Arm anthropometry and biochemical indices of protein energy, vitamin, and mineral status were 
estimated in 294 patients admitted to the general medical wards of a district general hospital over a 
one-month period. Elderly patients, and those with infections, malignancies, heart failure, and chronic 
obstructive airways disease had poorer nutritional status. The striking abnormalities were poor protein 
energy and plasma retinol status. Hospital patients aged 60 years and over had poorer protein energy 
and vitamin status (with the exception of thiamine and riboflavin) compared to those living in the 
community and long-term care institutions. Increased awareness of nutritional problems in the above 
categories of patients would result in improved nutritional support and possibly would accelerate 
recovery or reduce mortality. 

Keywords: protein calorie malnutrition; vitamin; mineral; elderly; hospital; Chinese 

Introduction 

Most studies on the nutritional status of  patients in 
hospital have been confined to surgical wards I where 
up to 50% of  pos topera t ive  patients had abnormal  nu- 
tritional indices. 2 Nutrit ional status is of  particular in- 
terest  among surgical patients,  mainly because of its 
importance  as a determinant  of  operat ive morbidity 
and mortali ty.  3 Malnutrit ion among hospital medical 
patients also exists in Caucasian populations.  4'5 How-  
ever,  these studies mainly examined some indices of  
protein calorie malnutri t ion, and information on vita- 
min and mineral  status was not available. The popula- 
tions studied were also fairly young (mean age less 
than 60 years).  We measured  arm an thropomet ry  and 
some biochemical  nutritional indices of  protein calorie 
malnutrit ion, vitamin, and mineral  status in a group of 
general medical  patients  with a higher mean age, who 
were Chinese,  with different dietary and disease pat- 
tern, to determine the influence of age and different 
types of  diseases on nutritional status. Values from 
free-living subjects and those living in long-term care 
institutions aged 60 years  and over  were available for 
compar ison.  
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Subjects and methods 

All patients admit ted over  a one-month period to the 
general medical wards of  a district general hospital 
with a ca tchment  populat ion of  one million were re- 
cruited into the study. All subjects were seen by a 
nurse interviewer,  who collected information on the 
diagnosis of  the patients,  the subsequent  length of hos- 
pital stay,  and recorded arm anthropometr ic  measure-  
ments.  Arm ci rcumference  was measured at the mid- 
point be tween the acromion and olecranon processes.  
Triceps skin-fold thickness was measured with Hol- 
tain calipers at the same point. The average of three 
readings was used. Arm muscle circumference (AMC) 
was derived f rom Equat ion 1: 

qT 
AMC(cm) = arm circumference(cm) - - -  

10 

x tr iceps skin-fold thickness (ram) 
(1) 

Corrected arm muscle area (CAMA), a measure  of  
prognostic value for severe wasting malnutrition 6 was 
calculated using Equat ion 2: 

Male: CAMA(cm z) - (AMC)E l0 
4-rr 

Female:  CAMA(cm 2) - (AMC)2 6.5 (2) 
4w 

Twenty  ml of  venous blood was collected from each 
patient in the nonfasting state within 48 hr of  admis- 
sion for routine blood tests (complete blood picture, 
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Table 1 Age group of patients by sex, duration of stay, and disease categories 

No. in age group (%) 

<40 40-60 61-80 80 + Total 

Sex 
Female 26 16 61 30 133 
Male 37 38 71 15 161 
Total 63 (21) 54 (19) 132 (45) 45 (15) 294 

Duration of stay (days) 
<1 4 2 3 1 10 (3) 

1-7 49 28 71 30 178 (61) 
8-14 8 11 31 12 62 (21) 

15-30 1 7 10 1 19 (6) 
>30 1 6 17 1 25 (9) 

X 2 = 26.9, DF - 12, P = 0.008 

Disease categories 
Infection 8 4 12 5 29 
Chronic obstructive - -  3 23 4 a 30 

airway disease 
Heart failure - -  2 25 12 a 39 
Malignancy 1 5 3 3 12 
Others 52 34 55 18 159 

a Significantly different compared with category (5) by Chi-square test; P < 0.001. 

renal and liver function tests) as well as the following: 
prealbumin, retinol binding protein, transferrin; thia- 
mine, riboflavin, and pyridoxine status; serum folate, 
cyanocobalamin, retinol, vitamin E; plasma copper, 
zinc and magnesium, and total lymphocyte count. To- 
tal protein and albumin were estimated by a Parallel TM 

Analyzer (American Monitor Corp, IN, USA). An ali- 
quot of plasma was stored at - 70 ° C for batch assay 
of prealbumin, retinol binding protein, and transferrin, 
using an immunoturbidimetric method with polyclonal 
antibodies (Dako, Bucks, UK) automated on a centrif- 
ugal analyzer--Cobas Bio (Roche Diagnostic, Basel, 
Switzerland). 8'9 Biochemical status of thiamine, ribo- 
flavin, and pyridoxine was estimated by measurement 
of red cell enzyme activation using an automated 
method.l° Cyanocobalamin and serum folate were esti- 
mated by a radio-immunoassay method using kits from 
Diagnostic Products Corporation (Los Angeles, CA, 
USA). Plasma retinol and vitamin E were measured by 
a fluorometric method after extraction with hexane.U 
Measurement of fluorescence from extracted retinol 
was modified by using 550 nM as the emission wave- 
length to avoid interferences. 12 An aliquot of plasma 
was stored at -20  ° C for batch assay of copper, zinc, 
and magnesium by atomic absorption spectrophotom- 
etry, after protein precipitation with trichloroacetic 
acid 13 to release bound metal ions. Total lymphocyte 
count was determined using a Technicon H-6000 
haematology analyzer (Technicon Instruments Co., 
Tarrytown, NY, USA). 

Data were analyzed using the Statistical Package 
for Social Sciences (Version 3.0) on an IBM PC. The 
Kruskal-Wallis one-way analysis of variance was used 
to examine the effect of age, sex, and disease catego- 
ries on nutritional variables. The Chi-square test was 
used to detect differences in the prevalence of diseases 

among different age groups. Multiple regression was 
used to assess the independent effects of age and dis- 
ease category (independent variables) on nutritional 
indices (dependent variable). Unpaired Student's t test 
was used in the comparison of nutritional variables, 
with available data from those of comparable age 
groups living in long term-care institutions and inde- 
pendently in the community. 

Results 

Two hundred and ninety-four patients were studied. 
Their age and sex distribution are shown in Table 1. 
Sixty percent of all patients were aged 60 years or 
over, with 15% aged over 80 years. Eighty-five percent 
of all subjects stayed for 14 days or less, with 64% 
staying 7 days or less. Older patients had significantly 
longer duration of stay. The commonest diagnoses 
were gastrointestinal bleeding (15%), heart failure 
(13%), infection (10%), chronic obstructive airway 
disease (COAD) (10%), cerebrovascular disease 
(10%), diabetes mellitus (7%), hypertension (6%), and 
malignancy (3%). Nutritional status in some of these 
disease categories where abnormalities might have 
been expected were analyzed separately, and the age 
distribution of patients with some of these disease cat- 
egories is shown in Table 1. Patients with heart failure 
and COAD were older, while there was no significant 
difference in age distribution among patients with in- 
fection or malignancy. 

Mean values of nutritional variables by age and sex 
are shown in Table 2. Corrected arm muscle area, se- 
rum albumin, prealbumin, transferrin and zinc concen- 
tration, and total lymphocyte count decreased with 
age. Thiamine status was also poorer in the older age 
group. Plasma copper concentration increased with 
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Table 2 Nutritional variables by age and sex 

Nutritional Age group 
variables (years) Male Female All 

CAMA (cm 2) <40 34.12 -+ 8.02 (35)$ 34,58 _+ 4.58 (26)1- 
40-60 31.58 _+ 7.49 (38) 33.47 _+ 7.22 (15) 
61-80 25.44 _+ 8.33 (71) 26.13 _+ 10.0 (60) 
80+ 20.74 +_ 8,35 (14) 25.13 _+ 9.18 (30) 

Total <40 68.7 _+ 10.2 (35) 74.9 _+ 6.2 (23)1- 71.2 -+ 9.3 (58) 
protein 40-60 68.2 _+ 14.0 (37) 70.0 _+ 8.6 (16) 68.7 _+ 12.6 (53) 
(g/L) 61-80 73.6 _+ 8,0 (69) 70.7 _+ 9.1 (60) 72.2 _+ 8,6 (129) 

80+ 677_+8.8 (15) 71.4_+75 (30) 70.2_+8.1 (45) 
Albumin <40 38,2 _+ 6.6 (34) 40,8 _+ 4.4 (25) 39.3 -+ 5,9 (59):I: 

(g/L) 40-60 35.0+-68 (37) 37.7_+4.1 (15) 35.8_+6.2 (52) 
61-80 35.5 _+ 5.6 (68) 34.7 _+ 6.3 (60) 35.1 -+ 5.9 (128) 
80+ 30.5 _+ 5.0 (15) 337 _+ 5.8 (29) 32.6 -+ 5.7 (44) 

Prealbumin <40 232.5+ 148.8 (37) 1875_+96.1 (26) 213.9_+ 130,7 (63)1: 
(mg/L) 40-60 152.3_+85.1 (37) 236.5_+91.5 (16) 177.7_+94.6 (53) 

61-80 159.5 + 105.7 (70) 163.8 + 103.0 (60) 161.5 _+ 104.0 (130) 
80+ 89.3+50.7 (15) 130.1 _+70,7 (30) 116.5_+67.0 (45) 

Retinol <40 4486 _+ 32.99 (37) 32.00 _+ 11.19 (26) 39.56 -+ 26.89 (63) 
binding 40-60 3495 + 19.45 (37) 46.31 _+ 17.33 (16) 38.38-+ 19.39 (53) 
protein 61-80 37.31 _+ 16.79 (70) 38.47 _+ 21.30 (60) 37.85 _+ 18.94 (130) 
(mg/L) 80+ 23.93_+8.52 (15) 33.37_+ 17.81 (30) 30.22+_ 15.89 (45) 

Transferrin <40 2.16 _+ 0.57 (37) 230 + 0,57 (26) 2.22 _+ 0.57 (63):i: 
(g/L) 40-60 1.92_+0.55 (37) 2,21 _+0.51 (16) 2.01 _+0,55 (53) 

61-80 1.98 _+ 0,53 (70) 2,02 _+ 0.66 (60) 2.00 -+ 0.59 (130) 
80+ 1.56 _+ 0,53 (15) 1.9 _+ 0.53 (30) 1.65 _+ 0.53 (45) 

Total <40 1.90 _+ 1.49 (32) 1.63 + 0.66 (24) 1.79 +_ 1.20 (56):I: 
lymphocyte 40-60 1.43 + 0.69 (34) 1.61 _+ 0.88 (16) 1.49 _+ 0.75 (50) 
count 61-80 1.12_+055 (66) 127_+0.85 (57) 1.19_+0.71 (123) 
(x l09/L)  80+ 0.82+_061 (15) 0 .95+0.43 (26) 0.90-+0.50 (41) 

Thiamine <40 9 -+ 4 (37) 8 -+ 6 (26) 8 -+ 5 (63)1- 
RBC.TK % 40-60 7 + 4 (38) 8 -+ 5 (16) 8 -+ 5 (54) 
activation 61-80 12 _+ 8 (71) 10 _+ 8 (61) 11 _+ 8 (132) 

80+ 16 _+ 19 (15) 11 _+ 8 (30) 13 _+ 13 (45) 
Riboflavin <40 26 _+ 16 (37) 27 _+ 21 (26) 26 -+ 18 (63) 

RBC.GTR % 40-60 27 _+ 20 (38) 26 +_ 18 (16) 27 _+ 19 (54) 
activation 61-80 33 + 32 (71) 28 _+ 26 (61) 31 _+ 29 (132) 

80+ 43 _+ 37 (15) 30 _+ 24 (30) 34 _+ 29 (45) 
Pyridoxine <40 83 -+ 48 (37) 81 _+ 28 (26) 82 +- 40 (63) 

RBC.AST % 40-60 71 _+ 30 (38) 70 _+ 19 (16) 71 _+ 27 (54) 
activation 61-80 90 + 58 (71) 86 -+ 46 (61) 88 -+ 53 (132) 

80+ 78+_49 (15) 78-+51 (30) 7 8 + 5 0  (45) 
Cyanocobalamin <40 4293 + 229.7 (37) 509.6 -+ 232.5 (25) 461.7 _+ 281.0 (62) 

(pmol/L) 40-60 472.8 _+ 316.4 (36) 443.4 +_ 158.0 (16) 463.7 _+ 276.1 (52) 
61-80 518.3 +_ 261.8 (68) 536.8 -+ 298.2 (57) 5267 _+ 278.0 (125) 
80+ 531.5 _+ 421.3 (11) 459.9 _+ 331.8 (30) 479.1 _+ 353.9 (41) 

Serum folate <40 20.3 + 10.4 (37) 23.9 -+ 8.4 (25) 21.8 _+ 9.7 (62)* 
(umol/L) 40-60 17.5 + 6.9 (37) 24.1 + 10.9 (16) 19.5 _+ 8.8 (53) 

61-80 16.7 _+ 8.6 (70) 21.9 _+ 11.2 (58) 19.0 _+ 10,2 (128) 
80+ 12.8 _+ 7.4 (15) 17.3 _+ 9.4 (30) 15.8 _+ 8.9 (45) 

Plasma <40 0.49 _+ 0.25 (37) 037 +_ 0.25 (26) 0.44 _+ 0.25 (63) 
retinol 40-60 0.41 -+ 0,25 (37) 0.57 _+ 0.28 (16) 0.46 _+ 0.27 (53) 
(mg/L) 61-80 0.41 _+ 0.28 (70) 0.46 _+ 0.31 (59) 0.43 ± 0.30 (129) 

80+ 0.25-+0.12 (14) 0.36-+0.21 (30) 0.32_+0.19 (44) 
Vitamin E <40 13.4_+8.7 (36) 11.1 +_8.1 (26) 12.4_+85 (62) 

(umol/L) 40-60 11.6+_8.4 (36) 15.1 _+9.1 (16) 12,7_+8.7 (52) 
61-80 11.1 _+ 7.9 (65) 12.7 _+ 8.8 (57) 11.9 _+ 8.3 (122) 
80+ 12.2_+ 7.1 (13) 10.2_+6,1 (27) 10.9_+6.5 (40) 

Plasma <40 1470 _+ 3.79 (37) 17.77 _+ 5.09 (26) 15.97 _+ 4,59 (63)$ 
copper 40-60 16.83_+5.18 (38) 16.64_+4,81 (16) 16.77_+5.02 (54) 
(umol/L) 61-80 19.08 _+ 4.58 (71) 19.19 + 4.79 (61) 19.13 _+ 4.66 (132) 

80+ 19.36 _+ 4.10 (15) 19.35 _+ 3.90 (30) 19.35 _+ 3.92 (45) 
Zinc(umol/L) <40 12.27_+ 1.81 (37) 12.40+_2.25 (26) 12.32+ 1.99 (63) 

40-60 12.22 _+ 2,56 (38) 12.94 _+ 1.28 (16) 12.43 -- 2.27 (54) 
61-80 11.98 _+ 2.45 (71) 11.55 _+ 1.99 (61) 11.78 _+ 2.25 (132) 
80+ 10.89 _+ 2.29 (15) 11.24 _+ 2.38 (30) 11.12 _+ 2.33 (45) 

Magnesium <40 0.85 -+ 0.15 (37) 0.81 _+ 0.13 (26) 0.84 _+ 0.15 (63) 
(mmol/L) 40-60 0.82 _+ 0.15 (38) 0.81 + 0.28 (16) 0.81 _+ 0.19 (54) 

61-80 0.82 _+ 0.14 (70) 0.80 + 0.17 (61) 0.81 _+ 0.15 (131) 
80+ 0.78 +0.15 (15) 0.78_+0.11 (30) 0.78_+ 013 (45) 

Note: Data are given as mean -+ SD (n). 
Significantly different between age groups by Kruskal Wallis one-way analysis of variance: P < 0.05,* P < 0.011-, P < 0.001:1:. 
Significant difference between sexes by one-way analysis of variance: ~ P < 0.05. 
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Table ;3 Nutritional status by disease categories 

Nutritional 
variable Infection COAD Heart failure Neoplasm Others 

CAMA 28.7 _+ 7.4 (14) 22.8 _+ 8.2 (22)$ 23.7 -+ 8.6 (19)1- 27.5 _+ 5.7 (9) 30.3 -+ 9.2 (81) 
(cm2): men 

CAMA 26.8 -+ 9.4 (15) 21.8 +- 11.4 (8) 25.8 -+ 8.8 (20) 13.3 _+ 6.4 (3)1- 27.2 _+ 8.3 (78) 
(cm2): women 

Total lymphocyte 0.98 +- 0.43 (29) 0.92 _+ 0.64 (30)* 1.07 -+ 063 (39) 0.93 -+ 0.73 (12) 1.37 _+ 1.05 (159) 
count ( x l 0  9) 

Total protein 70.5 -+ 9.4 (27) 73.7 _+ 7.9 (28) 68.7 _+ 6.2 (38) 66.8 -+ 19.8 (12) 74.1 _+ 9.0 (155) 
(g/L) 

Albumin (g/L) 33.5 -+ 6.0 (28)* 36.9 -+ 3.3 (27) 34.7 -+ 4.7 (37) 31.0 -+ 5.8 (12)1- 36.3 -+ 6.7 (154) 
Prealbumin (mg/L) 92.1 -+ 61.2 (28)~: 121.5 _+ 79.9 (30):I: 128.1 _+ 73.0 (39)$ 91.3 +_ 45.6 (12):I: 203.4 -+ 111.3 (157) 
Transferrin (g/L) 1.61 _+ 0.49 (28)$ 2.03 -+ 0.48 (30) 2.22 _+ 0.89 (39) 1.43 _+ 0.37 (12)$ 2.04 +- 0.60 (157) 
Retinol binding 21.1 _+ 9.0 (28)$ 32.67 + 14.47 (30)* 33.28 -+ 13.73 (39)* 21.3 +- 8.2 (12)1- 41.8 -+ 21.8 (157) 

protein (mg/L) 
Thiamine RBC.TK 13 _+ 8 (27) 11 _+ 7 (30) 10 _+ 9 (37) 7 _+ 5 (12) 10 -+ 9 (154) 

% activation 
Riboflavin RBC. 28 -+ 22 (29) 29 -+ 30 (30) 29 _+ 30 (38) 18 _+ 14 (12) 31 _+ 25 (158) 

GTR % activation 
Pyridoxine RBC. 85 -+ 44 (29) 119 _+ 80 (30)$ 75 +_ 44 (38) 93 -+ 84 (12) 78 _+ 33 (158) 

AST % activation 
Cyanocobalamin 635.9 -+ 314.6 (27)1- 462.7 _+ 187.9 (30) 498.1 _+ 263.5 (37) 790.7 _+ 396.6 (10)$ 477.3 _+ 277.9 (150) 

(pmol/L) 
Serumfolate 20.0-+9.0 (27) 154_+9.1 (30)* 20.0-+9.0 (39) 13.3_+6.2 (11)* 19.9_+ 10.4 (155) 

(umol/L) 
Plasma retinol 0.25-+0.11 (22)$ 0.40-+0.17 (25)1- 0.41 -+0.27 (34)1-  0.25-+0.11 (8)$ 0.54-+0.23 (145) 

(mg/L) 
Vitamin E 33.0 -+ 38.0 (23) 12.7 _+ 4.5 (23) 12.5 + 6.6 (32) 7.6 _+ 7.2 (9)1- 22.8 +_ 73.3 (147) 

(umol/L) 
Plasma copper 21.89 -+ 5.39 (29)$ 19.58 _+ 3.61 (30)$ 19.64 _+ 5.22 (39)$ 20.28 -+ 6.11 (12)1- 16.50 -+ 4.17 (159) 

(umol/L) 
Plasma zinc 10.94-+1.87 (29)* 11.64_+2.10 (30) 11.52_+2.47 (39) 12.33-+3.69 (12) 11.97-+2.06 (159) 

umol/L) 
Plasma magnesium 0.77 -+ 0.13 (29) 0.79 _+ 0.14 (30) 0.81 _+ 0.16 (38) 0.74 -+ 0.10 (12) 0.83 -+ 0.17 (159) 

(mmol/L) 

Note. Data are given as mean _+ SD (n). CAMA = corrected arm muscle area. 
Significantly different compared with "others," by analysis of variance: *P < 0.05, tP  < 0.01, SP < 0.001. 

age. Very little sex differences were observed. Unex- 
pectedly there was no sex difference in arm anthro- 
pometry, the only difference being a lower plasma to- 
tal protein concentration in men compared to women 
in the under-40-years age group. 

Table 3 shows the mean values of nutritional indices 
by disease categories. Patients with infections had 
lower plasma albumin, prealbumin, retinol binding 
protein, transferrin, retinol, and zinc. Plasma copper 
and cyanocobalamin concentrations were significantly 
higher. Patients with COAD also had poor nutritional 
status, with lower CAMA in men, lower plasma albu- 
min, retinol binding protein, retinol, and zinc con- 
centration. Pyridoxine status was poorer, and these 
patients also had lower serum folate and total 
lymphocyte count. As in those with infections, plasma 
copper concentrations were elevated. Similar changes 
were also observed in patients with heart failure and 
malignancy. Patients with malignancy also had mark- 
edly low plasma vitamin E concentration. 

Since there were more older patients with COAD 
and heart failure, multiple regression analysis was per- 
formed to assess the independent influence of age and 

disease on these nutritional variables. Patients with 
COAD were found to have poorer pyridoxine status, 
lower plasma albumin, retinol binding protein and reti- 
nol, and higher plasma copper concentrations inde- 
pendent of age. The lower plasma zinc and serum fo- 
late concentrations, and lower total lymphocyte count 
previously observed were due to aging rather than the 
effect of the disease. With the exception of pyridoxine 
status, patients with heart failure had similar changes 
which were independent of age. 

Nutritional indices for those aged 60-80 years were 
compared with subjects of a similar age group living 
in the community. The age and sex of this group are 
shown in Table 4 A and B. Hospitalized patients had 
poorer protein nutritional status, as well as lower se- 
rum folate, plasma retinol, and vitamin E concentra- 
tions among both men and women. However, hospital- 
ized subjects had better thiamine and pyridoxine 
status. Plasma copper concentration was higher 
among patients. Similar differences were observed in 
the comparison of hospitalized subjects with those liv- 
ing in chronic care institutions, with the exception that 
CAMA was even lower in subjects in chronic care. 
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Table 4 Comparison of nutritional indices with subjects aged over 60 years living in the community or in long-term care institutions 

Hospital Long-term care 
(A) Male (acute ward) institutions 141s Free-living 16-21 

Corrected arm muscle area (cm 2) 25.4 + 8.3 (71)8:I: 20.4 +- 9.0 (58) 28.9 _+ 7.7 (64) 
b 1- 

Total protein (G/L) 73.6 _+ 8.0 (69)~:1- 72.3 + 6.7 (53) 77.8 _+ 5.2 (65) 
Albumin (G/L) 35.5 ± 5.6 (68)a:1: 34.3 _+ 6.2 (52) 43.0 + 3.3 (62) 
Prealbumin (mg/L) 159.5 ± 105.7 (70)a~: 213.8 +- 92.5 (47) 371.3 +- 152.6 (61) 

b t 
Retinol binding protein (mg/L) 37.3 ± 16.8 (70)a:i: 49.3 _+ 21.8 (47) 71 3 + 18.7 (63) 

b t 
Transferrin (G/L) 1.98 + 0.53 (70)a$ 1.93 -+ 0.49 (47) 2.51 + 0.71 (62) 
Thiamine RBC.TK % activation 12 _+ 8 (71)al - 10 -+ 7 (15) 17 ± 9 (79) 
Riboflavin RBC.GTR % activation 33 -+ 32 (71)a$ 36 -+ 33 (37) 50 -+ 26 (87) 
Pyridoxine RBC.AST % activation 90 ± 58 (71) 106 ± 61 (37) 91 + 34 (87) 
Cyanocobalamin (pM/L) 518 _+ 262 (68)al - 430 _+ 256 (53) 412 _+ 183 (161) 
Serum folate (uM/L) 16.7 _+ 8,6 (70)a$ 13.8 -+ 6.6 (53) 19.6 ± 10.2 (161) 
Plasma retinol (mg/L) 0.41 ± 0.28 (70)al - 0.40 ± 0.21 (47) 0.50 ± 0.13 (155) 
Vitamin E (uM/L) 11.1 _+ 7.9 (65)a:i: 21.6 -+ 7.1 (46) 26.0 -+ 8.7 (155) 

b t 
Copper (uM/L) 19.08 ± 4.58 (71)a$ 16.17 -+ 3.46 (52) 16.51 -+ 3.17 (160) 

% 
Zinc(uM/L) 11.98±2.45 (71)b:I: 13.94 ±2.38 (52) 12.27_+ 1,81 (160) 
Total lymphocyte count (x 109/L) 1.1 _+ 0.6 (66)a:I: 1.5 -+ 0.7 (47) 2.0 -+ 0.7 (152) 

b t 

Hospital Long-term care 
(B) Female (acute ward) institutions ~4,~5 Free-living ~6-21 

Corrected arm muscle area (cm 2) 26.1 _+ 10.0 (60)bt 22.3 +-- 6.8 (149) 26.2 --+ 6,9 (95) 
Total protein (G/L) 70.7 ± 9.1 (60)a:l: 75.4 -+ 7.3 (135) 77.1 -+ 7.4 (97) 

% 
Albumin (G/L) 34.7 ÷ 6.3 (60)a~: 38.0 -+ 6.0 (134) 42.0 +- 3.2 (96) 

Prealbumin (mg/L) 163.8 -+ 103.0 (60)a~: 295.4 -+ 126.9 (129) 375,0 -+ 167.0 (97) 
b t 

Retinol binding protein (mg/L) 38.5 ± 21.3 (60)a:l: 62.7 -+ 22.5 (128) 73.9 ± 19.1 (61) 
b t 

Transferrin (G/L) 2.02 _+ 0.66 (60)al - 2.03 +- 0.49 (129) 2.38 -+ 0.73 (92) 
Thiamine RBC.TK % activation 10 ± 8 (61)al - 12 ± 10 (73) 14 ± 89 (113) 
Riboflavin RBC.GTR % activation 28 +- 26 (61)a:1: 41 -+ 31 (115) 52 -+ 30 (125) 

°t  
Pyridoxine RBC.AST % activation 86 -+ 46 (57) 80 -+ 26 (116) 86 ± 31 (125) 
Cyanocobalamin (pM/L) 537 ± 298 (57)u$ 349 _+ 232 (134) 465 +_ 186 (241) 
Serum folate (uM/L) 21.9 _+ 11.2 (58)a:1: 17.7 + 9.3 (134) 29,5 + 13.8 (241) 

b* 

Plasma retinol (mg/L) 0.46 ± 0.31 (59)al - 0.52 ± 0.23 (117) 0.53 ± 0.19 (230) 
°t  

Vitamin E (uM/L) 12.7 _+ 8.8 (57)a$ 28.4 -+ 9.6 (115) 29.5 -+ 10.6 (230) 

Copper(uM/L) 19.19+4.79 (61)a$ 17.60-+3.92 (131) 12.27± 1,81 (160) 
b* 

Zinc (uM/L) 11.55 _+ 1.99 (61)al - 14.29 -+ 2.94 (117) 12.41 -+ 2.02 (240) 

Total lymphocyte count (x l09/L) 1.3 ± 0.9 (57)a:I: 1.7 -+ 0.5 (118) 2.10 -+ 0.67 (228) 
b 1- 

Note. Data are given as mean +_ SD (n). 
Significantly different from free-living group (a), and long-term 
P < 0.001~. 

Discussion 

The nutritional status of patients in acute general med- 
ical wards is quite often neglected. Although the hos- 
pital dietitian will arrange to provide meals containing 
adequate nutrients and calories, intake of meals is not 
usually supervised and there are many factors re- 
sulting in reduced intake, particularly in the elderly. 22 

care institution group (b), by Student's t-test: P < 0.05", P < 0.011-, 

Missed meals due to diagnostic procedures might not 
be replaced. Patients in a hypercatabolic state will re- 
quire more nutrients than the normal recommended 
daily allowance. Clinically, unless it is severe, malnu- 
trition is frequently unrecognized or ignored. This is 
aggravated by the short stay of some patients in a busy 
hospital with shortage of beds. 
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Poor nutrition among surgical patients results in 
higher operative morbidity and mortality? Among 
medical patients with conditions such as chronic pul- 
monary lung diseases, poor nutrition adversely affects 
lung function by decreasing respiratory muscle func- 
tion and ventilatory drive and by altering lung defense 
mechanisms. 23 Malnourished hospitalized patients are 
also at high risk for long-term health problems. ~4 With 
the aging of the population, the proportion of patients 
in acute medical wards is likely to rise. Since the prev- 
alence of nutritional deficiency is higher among the 
elderly, 25 it is likely that a significant proportion of 
patients will have nutritional problems. 

Studies among Caucasians in developed countries 
have revealed a high prevalence of protein calorie mal- 
nutrition among hospitalized patients of up to 50%. 4,5 
Few studies provided detailed information regarding 
vitamin and mineral status. It is also recognized that 
findings may vary in other populations with different 
diseases. 4 There has been no hospital nutritional study 
of Chinese patients. In this study, the nutritional as- 
sessment was limited to selected variables that would 
still give a reasonable indication of nutritional status. 
Thus, detailed dietary intake assessment was not per- 
formed. Height and weight could not be obtained eas- 
ily in a large proportion of patients, particularly the 
elderly, and were omitted from analysis. Arm anthro- 
pometry was used instead. Owing to the large number 
of tests to be done on the 20 ml blood specimen, cer- 
tain tests were omitted such as red cell folate or tissue 
zinc concentration, which would have given a more 
accurate reflection of nutrient status than plasma con- 
centrations. 

Measurements of protein energy status (CAMA, al- 
bumin, retinol binding protein, transferrin, and total 
lymphocyte count) declined with age in both sexes in 
this hospital population. The higher prevalence of cer- 
tain types of chronic illnesses among the older age 
groups may account for this observation. However, 
these changes were still present when disease category 
has been taken into account. Moreover, this trend has 
been observed among healthy community living sub- 
jects. 26 Poorer thiamine status among older patients 
was again unrelated to disease category. The rise in 
plasma copper concentration with age was accounted 
for by the increasing prevalence of COAD and heart 
failure among older subjects. It is known that plasma 
copper and/or ceruloplasmin act as acute phase re- 
actants and rises in "s ick"  elderly. 2v 

Indices of protein energy status and plasma retinol 
were also poorer in the four disease categories stud- 
ied, compared to patients without these diagnoses, 
these differences persisting even when age has been 
taken into account. The causes of poor nutritional 
states in COAD and heart failure are probably multi- 
factorial. They may include increased energy expendi- 
ture as a result of increased respiratory effort; re- 
peated episodes of infections resulting in depletion of 
nutrients; or anorexia related to dyspnea or to chronic 
drug therapy such as theophyllines. Patients with ma- 
lignancy have the lowest serum folate concentrations, 

probably reflecting increased utilization by tumor 
cells. These patients also have strikingly low plasma 
vitamin E concentrations. It is possible that serum 
cholesterol concentrations were also lower in these 
patients, as vitamin E concentrations are related to 
serum lipoprotein levels. 28 However, there was no sig- 
nificant difference between mean cholesterol concen- 
trations in patients with malignancy (4.2 -+ 1.5 mM) 
compared with that in patients not belonging to any of 
the four disease categories (4.7 --- 1.5 mM). It is uncer- 
tain whether the low serum vitamin E concentration 
in these patients is a result of the disease, or whether it 
partly contributed to disease development. 29 Patients 
with infections and malignancies had higher serum cy- 
anocobalamin concentrations compared to those with- 
out these diseases. As liver is a major store of cyano- 
cobalamin, these findings may reflect a certain degree 
of liver cell damage. Another possibility is the in- 
creased production of cyanocobalamin by bacterial 
overgrowth in the small intestine. The rise in plasma 
copper concentrations in patients in all four disease 
categories is consistent with the role of ceruloplasmin 
as an acute phase reactant. ~7 No difference in plasma 
magnesium concentrations was observed. 

Nutritional data for nonhospitalized subjects were 
only available for those aged 60 years and over. Nev- 
ertheless, this group constituted 60% of the hospital 
population. It can be seen that the hospital population 
had poorer status in most of the nutritional indices 
measured, compared to the community group, with 
the exception of thiamine and riboflavin status. Some 
indices of protein energy status in hospitalized pa- 
tients were even worse than that in subjects living in 
long-term care institutions, and among the latter, indi- 
ces of protein energy status have been shown to pre- 
dict short-term mortality. 3° 

It is clear that in our Chinese population, malnutri- 
tion exists among medical patients in hosptial, with 
regard to both protein calorie and vitamins. Our find- 
ings highlight the fact that the age-related decline in 
nutritional status is accentuated among hospitalized 
subjects. The study also reveals that poor nutritional 
status accompanies many common chronic diseases 
such as chronic heart and lung diseases, and is not 
only found in those with malignancies and infection. 
Increased awareness of the nutritional status of pa- 
tients in hospital, particularly the elderly and those 
with the above diseases, would result in better nutri- 
tional support and possibly would accelerate recovery 
or reduce mortality. 
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