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Medicine in the Elderly

A study of serum zinc, albumin, alpha-2-macroglobulin
and transferrin levels in acute and long stay elderly
hospital patients
G.M. Craig, S.J. Evans, B.J. Brayshaw and S.K. Raina

Departments ofGeriatric Medicine and Clinical Biochemistry, General Hospital, Northampton NNI 5BD,
UK.

Summary: Serum zinc levels measured by atomic absorption spectrophotometry were found to be low
(less than 10.5 ltmol/l) in 38% of acute geriatric admissions, 69% of long stay geriatric patients and 19%
of a control group of elderly hospital patients with a normal serum albumin.

There was a significant positive correlation between serum zinc and serum albumin in all groups. In
acutely ill geriatric patients only, there was a weak but statistically significant positive correlation between
serum zinc and alpha-2-macroglobulin (A2M) (r = 0.20), P < 0.05).
Serum transferrin was low in46% ofacute geriatric patients and 22% oflong stay geriatric patients but

there was no correlation between serum zinc and serum transferrin levels in any patient group. There were
significant differences in serum zinc, A2M and transferrin levels between the acute and long stay geriatric
patients. The differences in serum zinc levels between these patient groups could not be explained by
changes in serum A2M, transferrin or albumin. Changes mediated by an acute phase response may have
influenced results in the acute geriatric group of patients.

Introduction

Nutritional zinc deficiency is widespread partic-
ularly amongst third world populations living
primarily on cereal proteins.' However, even in
developed nations the elderly, especially those in
institutions, are at risk. A small nutritional survey
in Australia showed that 21% ofcommunity based
elderly and 85% of institutionalized elderly ate less
than two thirds of the recommended daily zinc
intake of 15 mg.2 The average daily dietary intake
of zinc in elderly persons in the USA is also
reported to be low, ranging from 7 to 13 mg.3 It has
been reported that elderly long stay patients have
lower serum zinc and leucocyte zinc levels than the
elderly living in the community, but the difference
cannot be explained on the basis of diet alone.4

Thus, although dietary deficiency can cause zinc
deficiency in the elderly, other factors should be
considered.5 Increased zinc loss occurs with diu-
retic therapy, in uraemia and alcoholism and in
patients with extensive burns. Malabsorption of
zinc occurs in Crohn's disease and inflammatory

bowel disease. Zinc deficiency can be secondary to
non-insulin-dependent diabetes mellitus or total
parenteral nutrition.

Acute influx of zinc into the liver occurs in
response to tissue injury6 and bacterial infection7
through the action offactors such as interleukin I, a
chemical mediator released from activated macro-
phages.8 This hepatic uptake of zinc is associated
with synthesis of alpha-2-acute phase reactant
proteins.9,'0
Changes in serum zinc can be secondary to

changes in zinc binding proteins, since 98% of
serum zinc is protein bound and less than 2% is
free. In human serum, zinc is bound primarily to
albumin (80-85%) but 5-15% is bound to a2
macroglobulin (A2M)."' 2 A small fraction of
circulating zinc is bound to retinol binding protein
and amino acids. Zinc binding to transferrin is
probably insignificant.'3

In summary, a low plasma or serum zinc may
indicate depletion of stores in response to inade-
quate intake or excess loss, enhanced hepatic
uptake of zinc in response to tissue injury and
infection, or low levels of zinc binding protein.
The present study was undertaken to investigate

and compare the incidence of zinc deficiency, as
judged by a low serum zinc level, in acute geriatric
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admissions and long stay geriatric patients. Al-
though leucocyte zinc may be a better indicator of
tissue stores than is the serum or plasma zinc,
leucocyte zinc assays are not widely available.
Serum zinc gives a useful indication of zinc status
when considered in conjunction with clinical
features of the case.'4

In addition to serum zinc we measured the zinc
binding proteins albumin and A2M. Serum trans-
ferrin was measured and a routine biochemical
profile was obtained from every patient.
Patients and methods

The study was undertaken in three separate groups
ofelderly patients using a protocol approved by the
local Research and Ethics Committee. The patient
groups were as follows:-

Acute geriatric group The acute geriatric patients
were 107 consecutive acute admissions to geriatric
wards from November 1985 and comprised 46
males, mean age 82.2 years (range 68 to 97 years)
and 61 females, mean age 82.6 years (range 68 to
97). All blood samples were taken after breakfast
during the first week ofadmission and in most cases
within one or two days of admission.

Long stay geriatric group A group of 51 long stay
geriatric patients were selected with a variety of
pathology, particularly cerebrovascular disease,
arthritis and senile dementia. Each patient had
been in hospital for at least three months. The
group comprised 26 males with a mean age of 77.6
years (range 61 to 92 years) and 25 females with a
mean age of 85.9 years (range 67 to 100).

Normal albumin control group This group con-
sisted of 102 elderly patients from general medical
or surgical wards and out-patient clinics who had
normal serum levels of total protein and albumin.

All had normal serum bilirubin and aspartate
aminotransferase levels, and the majority (74%)
had normal renal function. There were 37 males
with a mean age of 72.3 years (range 65 to 85) and
65 females with a mean age of 76.0 years (range 65
to 92).

Blood samples were collected from each patient
for routine biochemical profile, serum zinc, trans-
ferrin and A2M determinations. The biochemical
profiles were undertaken on a Technicon SMA II
autoanalyser using standard methodologies. Ser-
um zinc was measured by atomic absorption
spectrophotometry. Samples for transferrin and
A2M estimations were stored frozen at - 20°C and
were assayed using standard Mancini end point
radial immunodiffusion techniques on commercial
plates. The between batch imprecision of these
methods measured as coefficients of variations
were transferrin 6.7% (at 3.7 g/l) and A2M 5.0%
(at 2.2 g/l).
The data presented were analysed using Stu-

dent's t-test and linear regression was calculated by
the least squares method. A P value of less than
0.05 was considered statistically significant.

Results

The biochemical data for each of the three patient
groups are summarised in Table I. The serum zinc
concentrations in the acute geriatric and long stay
geriatric patients were significantly lower than
those of the control group (P <0.001 in each
instance). Serum zinc results in the long stay group
were significantly lower than those in the acute
group (P <0.01).

Altogether, 38% of the acute geriatric group,
69% of the long stay geriatric group and 19% of
the normal albumin control group had serum zinc
levels below the bottom of the locally used
reference range for healthy adults in the 25 to 50

Table I Serum biochemical results (mean ± s.d.) with statistical comparisons
Normal Statistical comparison between

Acute Long stay albumin groups (P)
Biochemical geriatric geriatric control
parameter Reference group group group Acute/long Acute/ Long
measured range (n = 107) (n = 51) (n = 102) stay control stay/control
Zinc 10.5-18.5 [tmol/l 10.72 + 2.83 9.43 + 1.93 12.71 + 2.45 <0.01 <0.001 <0.001
Total protein 60-80 g/l 66.3 + 7.7 67.0 ± 4.8 70.1 ± 4.8 NS <0.001 <0.001
Albumin 35-50 g/l 36.0 + 5.1 36.7 + 3.0 41.3 + 3.0 NS <0.001 <0.001
A2M 1.3-3.8 g/l 2.75 + 0.57 2.49 + 0.31 2.67 + 0.57 <0.01 NS NS
Transferrin 2.0-4.0 g/l 2.07 + 0.73 2.33 + 0.46 2.70 + 0.64 <0.02 <0.001 <0.001
Urea 3.3-6.7 mmol/l 10.23 + 8.11 7.13 + 2.96 6.66 ± 2.27 <0.01 <0.001 NS
Alkaline 30-135 IU/I 135 74 119 + 54 97 + 35 NS <0.001 <0.01
phosphatase
NS = Not significant
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age group.
Serum zinc levels in the long stay group were

fairly normally distributed around a low mean; no
patient in the group had a serum zinc above the mid
point of the normal range.

There was a statistically significant positive
correlation between the serum zinc and total
protein in the normal albumin control group
(r = 0.23, P <0.05) and in the acute geriatric
group (r = 0.41, P <0.001). There was a signi-
ficant positive correlation between the serum zinc
and albumin levels in all three patient groups
(Figure 1).
The serum transferrin levels in the acute geriatric

and long stay geriatric groups were significantly
lower than the levels in the normal albumin control
group (P <0.001 in each instance). Transferrin
levels in the acute geriatric group were significantly
lower than levels in the long stay geriatric group
(P <0.02). There was no statistically significant
correlation between the serum zinc and transferrin
levels in any patient group. The mean A2M levels
for each group fell within the reference range. The
levels in the acute geriatric patients were signi-
ficantly higher than those in the long stay geriatric
group (P <0.01). A weak but statistically signi-
ficant positive correlation was found between
serum zinc and A2M in the acute geriatric group
(r = 0.21, P< 0.05).

Discussion

The local reference range for serum zinc (10.5 to
18.5 gmol/l) is based on results in healthy young
adults. It has been reported that serum zinc levels in
young healthy controls and healthy elderly in the
community do not differ.4'15 Stafford et al.4 quoted
a mean serum zinc of 12.74 gmol/l in a control
group of 26 elderly living in the community in
Edinburgh. The mean serum zinc in our normal
albumin control group was 12.71 tmol/l. However,
as our normal albumin control patients were all
attending hospital, they cannot be regarded as an
elderly reference population. The group is included
for comparative purposes. Results indicate that
19% of elderly hospital patients with a normal
serum albumin have a low serum zinc.
Our results demonstrate that a very high percen-

tage ofelderly patients on geriatric acute admission
wards and long stay wards have a low serum zinc.
Others have reported a low serum zinc in 29% of
institutionalized elderly.2 Elderly long stay patients
have been shown to have significantly lower serum
zinc and leucocyte zinc levels than elderly people in
the community4'5 but to date no one has compared
serum zinc levels in acute and long stay elderly
patients. Our observation that there are significant
differences in serum zinc, transferrin and A2M

a

24-

20-

18-

C 8..

10 20 30 40 50

Albumin g/l

12* *

I 6

4

10 20 30 40

Albumin g/l

b

24

20

01 6 *

c 12

24

10 20 30 40 50

Albumin g/l

Figure 1 Correlation between serum zinc and albumin in
each patient group. (a) Acute group r = 0.46 P <0.001;
(b) long stay group r=0.32, P<0.05; (c) normal
albumin control group r = 0.25, P < 0.02.albumin control group r = 0.25, P < 0.02.
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levels between geriatric acute admissions and long
stay geriatric patients appears to be new.
Serum transferrin was measured primarily as an

indicator of severe protein calorie malnutrition,16
since much attention has been devoted to dietary
aspects of zinc deficiency in the elderly. However,
as others have noted4 this is not the whole story.
The highest incidence of zinc deficiency (69%) as

judged by a low serum zinc was found in the sample
of long stay geriatric patients. All the long stay
patients had been on a hospital diet for at least
three months and in most cases considerably
longer. However, more acute geriatric admissions
than long stay patients had a low serum transferrin
(46%, compared with 22%). Although there is
good evidence that transferrin levels decline in
severe protein calorie malnutrition (PCM), the use
of transferrin in the diagnosis of moderate malnu-
trition is open to doubt.16 Even if all the long stay
geriatric patients with a low transferrin were
assumed to have severe protein-calorie malnutri-
tion, only a third of their low zinc results could be
explained on this basis. The possibility arises that a
low serum zinc may contribute to the pathology
that results in placement on a long stay ward.
The relationship between serum zinc and albu-

min levels is complex. Not only is albumin a major
zinc carrier protein, but zinc deficiency may impair
albumin synthesis in humans.7'"8 Utilization of
amino-acids for protein synthesis is impaired in
zinc-deficient animals,19 and DNA synthesis is
decreased.20 We found a significant positive cor-
relation between serum zinc and serum albumin in
all patient groups, which supports the findings of
others.4' 2 On the other hand, Australian workers
found no relationship between serum zinc and
serum albumin in the elderly, despite a significant
(P <0.001) positive correlation between serum
albumin and zinc intake.2 We do not feel that the
changes in serum zinc in our patients can be
attributed solely to changes in serum albumin,
since mean serum zinc levels were significantly
different in the acute and long stay geriatric
patients, in the absence ofany significant difference
in albumin levels between these two groups. More-
over, 19% of the normal albumin control group
had a low serum zinc.

Alpha-2-macroglobulin is a glycoprotein that is
synthesized by the liver, monocytes, lymphocytes,
fibroblasts and alveolar macrophages. It is a major
zinc binding protein to which zinc is tightly
bound."'12 A2M is also a proteinase inhibitor that
acts as a general scavenger of proteinases, both
endogenous and arising from infective agents,
thereby protecting blood and tissue proteins from
damage. A2M traps and binds trypsin, chymo-
trypsin, plasmin, thrombin, pancreatic elastase and
leucocyte elastase. Trypsin-A2M complexes ap-
pear to have some endocrine and metabolic func-

tions.2' In general, A2M is thought to modulate
various immune and inflammatory responses. It
may stimulate the liver to synthesize acute phase
reactants. Binding of plasmin and thrombin by
A2M may help maintain haemostatic balance.
A2M is bound to the surface of vascular endothe-
lial cells and may have a protective role here. A2M
binds certain nonproteinase proteins, such as
insulin and growth hormone, but the physiological
significance of this is unknown.21 Levels of A2M
rise in the nephrotic syndrome and diabetes and fall
in trauma, after fibrinolytic therapy21 and in necro-
tizing pancreatitis.22 A2M-proteinase complexes
are rapidly cleared from circulation by reticulo-
endothelial cells by a process of receptor-mediated
endocytosis.
A2M is not usually considered to be an acute-

phase reactant in man, but in the rat following on
inflammatory stimulation, A2M levels increase
dramatically and acute phase control of its
messenger RNA has been demonstrated.23 In view
of this we anticipated that A2M levels might be
increased in our acute group patients, many of
whom were admitted with infections. In fact less
than 4% of the patients had a raised A2M. Mean
A2M levels were, however, significantly higher in
the acute group than in the long stay group
although the results for each group fell within the
reference range. The weak but statistically signi-
ficant positive correlation between A2M and zinc
in the acute group was interesting and has not been
reported before. However, we were unable to
confirm this observation in 135 acute geriatric
patients studied in 1987. Others have found no
definite correlation between serum zinc and A2M
in a small number of patients with varied patho-
logy.12,24
Changes mediated by an acute phase response

may have influenced the serum zinc and transferrin
results particularly in the acute group of patients.
Measurement of interleukin I was beyond our
resources but since C-reactive protein (CRP) is a
good indicator of an acute phase response25 we
measured CRP retrospectively on stored sera.
Approximately 62% (n = 103) of the acute group
of patients had CRP levels above 10 mg/l, com-
pared with 30% ofthe long stay group (n = 50) and
23% of the normal albumin control patients
(n = 71). There was a significant negative correla-
tion between zinc and CRP in the acute group only
(r=-0.33, P< 0.001). These results will be
reported fully in a separate paper.
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