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An inverse relationship between serum zinc and C-reactive
protein levels in acutely ill elderly hospital patients
G.M. Craig, S.J. Evans and B.J. Brayshaw
Departments ofGeriatric Medicine and Clinical Biochemistry, General Hospital, Northampton
NNI 5BD, UK

Summary: Serum zinc and C-reactive protein (CRP) levels were measured in two groups of acutely ill
geriatric hospital in-patients. Serum CRP levels were greater than 10 mg/l in 62% of the first group and
47% of the second. There was a significant negative correlation between zinc and CRP in both groups
(r = - 0.33, P <0.001, n = 103) and (r = - 0.29, P <0.001, n = 135 respectively).
The serum CRP was raised in 30% of long stay patients (n = 50) and 23% of a control group of elderly

hospital patients with a normal serum albumin (n = 71), but there was no correlation between zinc and
CRP in these patient groups. The results indicate that an acute phase response influences serum zinc levels
in acutely ill geriatric patients. There is reason to believe that a distinction should be made between true
zinc deficiency and a low serum zinc secondary to acute zinc redistribution during an inflammatory
response. Measurement ofCRP may help to distinguish between these two situations. We advise that if the
serum zinc is low and CRP is significantly raised, zinc supplements should be avoided and a source of
infection should be sought. Following recovery from severe infection low serum zinc levels return to normal
while elevated CRP levels fall.

Introduction

Earlier work led us to suspect that an acute phase
response contributed to the low serum zinc levels
observed in acutely ill geriatric patients.' The
present study confirms this suspicion. A raised
C-reactive protein (CRP) is well established as a
good indicator of an acute phase response2 and of
infection in the elderly.3 It is also well established
that hepatic uptake of zinc in response to inter-
leukin I or a similar mediator, is associated with
synthesis of alpha-2-acute phase reactant proteins
such as CRP.4'5
We therefore investigated the relationship

between serum zinc and CRP levels in acutely ill
and in long stay geriatric patients.

Patients and methods

In the initial study serum zinc and CRP levels were
measured in 103 acutely ill patients admitted to
acute geriatric wards, in 50 long stay geriatric
patients and in a control group of 71 patients with
normal serum albumin levels. These patients
formed part of a larger series of elderly hospital

patients studied from November 1985 onwards in
whom we measured serum zinc, total protein,
albumin, alpha-2-macroglobulin and transferrin.
Their serum zinc and protein levels have already
been reported.'
The 103 acutely ill patients in whom CRP was

measured consisted of 58 women and 45 men, aged
between 66 and 97 years. The long stay geriatric
patients had all been in hospital for at least 3
months, and comprised 25 women and 25 men,
aged between 61 and 100 years. The normal
albumin control group of elderly patients were on
general medical or surgical wards, or were attend-
ing outpatient clinics. All had normal serum levels
of total protein, albumin, bilirubin and aspartate
aminotransferase and urea levels of less than
10.5 mmol/l. There were 50 women and 21 men
aged between 65 and 92 years.
The study was repeated in a second group of 135

acutely ill geriatric patients (90 women and 45 men)
aged between 65 and 99 years admitted between
April 1987 and February 1988.

Blood samples from the acutely ill geriatric
patients were collected in the morning within a few
days of admission. Serum zinc and CRP levels were
measured on the same blood sample in each
patient. Serum zinc was measured by atomic
absorption spectrophotometry. Samples for CRP
determination were stored frozen at - 20'C and
were assayed using standard Mancini end point
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radial immunodiffusion techniques on commercial
plates. The between batch imprecision of these
methods measured as coefficients of variations
were zinc 2.3% (at 13.4lAmol/l) and 3.6% (at
12.6 ltmol/l) and CRP 3.1% (at 77 mg/l).
Some relevant clinical information from acutely

ill patients is mentioned. Acute and recovery phase
blood samples were obtained in 6 patients with
severe infections, and the results are reported.

Results

The mean serum zinc and CRP results in all patient
groups are shown in Table I. A high proportion
(62%) of patients in the first acute group had a

CRP level greater than 10 mg/l (the upper limit of
the reference range), and there was a highly
significant negative correlation between serum zinc
and serum CRP results (r = -0.33, P<0.001)
(Figure 1). These results were confirmed in the
second series of acutely ill patients although fewer
of these (47%) had a raised CRP; the correlation
coefficient for zinc and CRP was r = - 0.292,
P <0.001. In contrast only 30% of the long stay
patients and 23% of the normal albumin control
group of patients had a raised CRP and there was
no correlation between zinc and CRP in these
groups.

Results in the acute group patients were also
analysed by division of patients into subgroups
according to their CRP level, so that subgroup A
had CRP levels below 10mg/l (normal levels),
subgroup B CRP levels between 11 and 50 mg/l,
subgroup C CRP levels between 51 and 100 mg/l
and subgroup D CRP levels above 101 mg/l. Zinc
results in these subgroups were compared by
Student's t test. In both series of acute patients
studied the zinc results of subgroup A (normal
CRP levels) were significantly higher than those in
subgroup D (CRP levels above 101 mg/l). In one
series of acute patients zinc results in subgroup A
were significantly higher than those in subgroup C
(CRP 51-100 mg/l). Mean results with statistical
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Figure 1 Negative correlation between serum zinc and
CRP in acutely ill geriatric patients, r = 0.33 (P < 0.001).

significance are shown in Table II.
Acute and recovery phase changes in serum zinc

and CRP were demonstrated in 6 patients with
acute infections and the results are shown in Figure
2. In each case the serum zinc rose to normal and
the elevated CRP level fell with recovery.

Discussion

The causes of a low serum zinc are numerous.6
Serum zinc levels have been shown to fall during

Table I Serum zinc and CRP levels (mean + s.d.) with correlation coefficients for zinc and
CRP in each patient group

Serum zinc Serum CRP
n flmol/l mg/l r P

Acute geriatric (1) 103 10.7 + 2.81 34 + 39.3 - 0.33 <0.001
Acute geriatric (2) 135 11.9 + 3.01 48 + 49.3 - 0.292 <0.001
Long stay geriatric 50 9.5 + 1.92 18 + 18.8 - 0.166 NS
Normal albumin controls 71 12.8 + 2.78 15 + 18.8 -0.175 NS
Reference range 10.5-18.5 <10

NS - not statistically significant.
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Table II Serum zinc and CRP results (mean ± s.d.) in two series of acute
geriatric patients, subdivided according to their CRP levels

CRP Zinc tmol/l CRP mg/l
Subgroup mg/l n Mean ± s.d. Mean + s.d.

1st series A <10 39 11.3 2.24 < 10.0
(n = 103) B 11-50 42 10.5 2.51 NS 23+ 10.7

C 51-100 13 11.4 3.46 NS 69 12.7
D >100 9 7.8+ 3.72 *** 143 ±13.3

2nd series A < 10 52 12.7+ 2.86 < 10.0
(n = 135) B 11-50 33 12.2 2.61 NS 29+ 10.6

C 51-100 29 11.2 2.69* 77 13.9
D > 100 21 10.4+ 3.71 ** 137 43.5

Statistical difference between serum zinc results in subgroup A compared with
subgroups B, C & D respectively: ***P <0.001; **P <0.01; *P <0.05; NS not
significant.
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Figure 2 Sequential changes in zinc and CRP in 6
patients with bacterial infections. A = results during
acute phase; B = results after recovery. Note rise in serum
zinc and fall in CRP with treatment and recovery.

acute infections7' and tissue injury9 as a result of
acute influx of zinc into the liver. This is probably
caused by interleukin I, a chemical mediator re-
leased from activated macrophages.°' This hepatic
uptake of zinc is associated with synthesis of
alpha-2-acute phase reactant proteins4'5 such as
CRP. However, a negative correlation between
serum zinc and CRP has not been previously
reported.
CRP measurement may be of clinical value in

distinguishing patients with true zinc deficiency
from those with a low serum zinc due to the acute
zinc redistribution ofan acute phase response. This
distinction may be important since zinc supple-
ments are likely to be beneficial in zinc deficiency"
but could theoretically be harmful if given during
an acute phase response. A low serum zinc should
alert the clinician to the possibility of a severe
infection, and this should be excluded before zinc

supplements are given. We advise caution in the use
of zinc supplements in patients with infection
because there is evidence that zinc can impair
granulocyte and T cell function.12
Most ofour patients with a low serum zinc and a

high CRP had evidence of a severe bacterial
infection. An exception to this rule was a patient
with high CRP associated with a hypernephroma
and an active gastric ulcer. In an acute phase
response the serum zinc and CRP levels return to
normal spontaneously with recovery. Many of the
patients with a low serum zinc and a normal CRP
were candidates for true zinc deficiency since they
lived alone, in poor social circumstances, ate little
and were often on diuretic therapy.
A fall in serum zinc has beneficial effects on T

lymphocytes and polymorphonuclear leucocyte
function in vitro13 and in vivo in animals.'4 It is
therefore quite possible that the acute phase fall in
serum zinc in man has some beneficial effects and
may enhance polymorphonuclear leucocyte and T
lymphocyte function. The evidence relating to the
effect of zinc on polymorphonuclear leucocyte
function is, however, conflicting. When apparently
healthy men are given 150 mg of elemental zinc
twice daily for 6 weeks there is a progressive
reduction in polymorphonuclear leucocyte chemo-
tactic migration, phagocytic ability and bacteri-
cidal capacity, and polymorphonuclear leucocyte
function remains suppressed for up to 10 weeks
after cessation of zinc supplements.'2 On the other
hand abnormal granulocyte chemotaxis in
acrodermatitis enteropathica is corrected by zinc
therapy15 and granulocyte motility improves as
plasma zinc and granulocyte zinc levels rise in
haemodialysis patients.'6 This suggests that where
there is true zinc deficiency zinc supplements can
improve granulocyte function, but if given
unnecessarily or in excess, zinc can impair
granulocyte function.
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Similar conclusions can be drawn regarding the
effect of zinc on lymphocyte function. In zinc
deficient mice T cell function is impaired.7-'9 In
men, zinc supplements cause an initial rise in the T
lymphocyte stimulation response to phytohaemag-
glutinin as mean plasma zinc levels rise from 8.3 to
10.1 mg/l, but thereafter the T lymphocyte re-
sponse decreases progressively as serum zinc levels
rise above 18.1 mg/1.'2 In haemodialysis patients
zinc supplements do not affect the lymphocyte
response to phytohaemagglutinin and other mito-
gens'6 and monocyte production of interleukin II is
defective.20
We suggest that CRP should be measured rou-

tinely ifserum zinc levels are found to be low. If the

CRP is significantly raised we advise that zinc
supplements should be avoided and a source of
infection should be sought. If the clinical situation
is suggestive of true zinc deficiency and the CRP is
normal zinc supplements can be given. However,
caution should be taken when interpreting zinc and
CRP results in patients with defective monocyte
function and this area deserves further study.
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