
*Corresponding author: Cecilia Margareta Lund, Department of Medicine, Co-
penhagen University Hospital, Herlev and Gentofte, Borgmester Ib Juuls Vej 1, 
2730, Herlev, Denmark, Tel: +45 38686112; E-mail: Cecilia.Margareta.Lund.01@
regionh.dk

Citation: Pettersen SM, Ellegaard PH, Muhamed PK, Knudsen AW, Lund CM 
(2024) Moving Towards Reliable Assessment of Zinc Depletion in Acutely Admit-
ted Geriatric Patients. J Gerontol Geriatr Med 10: 214.

Received: June 07, 2024; Accepted: June 19, 2024; Published: June 26, 2024

Copyright: © 2024 Pettersen SM, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits un-
restricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

Keypoints
•	 Zinc	is	crucial	to	maintain	normal	immune	function,	but	zinc	status	

is	challenging	to	determine	in	hospitalized	older	patients

•	 Current	guidelines	are	unclear	 for	assessing	zinc	status	and	pre-
scribing	zinc	supplements

•	 This	cross-sectional	study	supports	that	plasma	zinc	alone	cannot	
be	used	to	evaluate	zinc	status	in	hospitalized	geriatric	patients	and	
that	albumin-corrected	zinc	is	likely	to	be	a	more	correct	assess-
ment	to	diagnose	zinc	depletion

Introduction
 Frail	older	patients	are	 typically	admitted	 to	geriatric	wards	due	
to	 acute	 illness,	 common	 infections,	 or	 exacerbation	of	 chronic	 ill-
ness	and	loss	of	function.	Many	older	patients	are	at	nutritional	risk	
after	long-lasting	insufficient	nutritional	intake	or	one	sided	“Tea	and	
toast	diet”	[1],	leading	to	malnutrition	as	part	of	their	geriatric	syn-
drome	[1].	The	risk	of	malnutrition	increases	with	age	and	is	related	
to	comorbidity	[2]	and	frailty	[3],	but	it	is	largely	underdiagnosed	and	
consequently	also	undertreated	[2,4].	In	acutely	admitted	geriatric	pa-
tients	the	majority	have	nutritional	impairments	[4]	which	can	lead	to	
increased	morbidity,	prolonged	hospital	stays	and	rehabilitation,	loss	
of	function,	and	decreased	quality	of	life	[1,2,5].	Decreased	food	in-
take	is	often	accompanied	by	an	insufficient	intake	of	several	vitamins	
and	trace	elements	such	as	zinc	[6].

	 Zinc	deficiency	is	defined	as	a	state	of	low	intake	of	zinc,	or	in-
creased	loss	of	zinc,	and	simultaneous	low	plasma	zinc,	or	symptoms	
[7].	Typical	deficiency	 related	symptoms	 include	skin	 irritation,	 re-
duced	 appetite	 and	 decreased	 healing	 of	wounds	 [8].	Additionally,	
even	mild	zinc	deficiency	can	lead	to	an	impaired	immune	function,	
which	 is	 associated	 with	 increased	 risk	 of	 infectious	 diseases	 [6].	
Moderate	 zinc	 deficiency	 includes	 cell-mediated	 immune	 dysfunc-
tions	and	impaired	wound	healing	[9].	Zinc	also	plays	a	role	in	several	
aspects	of	the	antioxidant	defense	system	[9,10].

	 Zinc	 supplements	 act	 by	 improving	 the	 reaction	of	 the	 immune	
system,	 instead	 of	 suppressing	 the	 immune	 reaction	 like	 other	 an-
ti-inflammatory	drugs	(e.g.,	glucocorticoids).	It	has	been	shown	that	
zinc	supplementation	in	older	adults	reduces	unspecific	preactivated	
T	cells	and	improves	T	cell	response	[11].	Furthermore,	the	state	of		
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Abstract
Background: Many admitted geriatric patients are malnourished 
with insufficient intake of trace elements. Zinc status is crucial to 
maintaining normal immune function and is assessed using plas-
ma zinc concentration. However, plasma zinc drops with increased 
systemic inflammation (high CRP and hypoalbuminemia), challeng-
ing interpretation in older infected patients. Currently, guidelines are 
unclear for assessing zinc status and prescribing zinc supplements.

Methods: A cross-sectional study investigating the prevalence of 
low plasma zinc and low albumin-corrected zinc among older pa-
tients admitted to the geriatric ward at Copenhagen University Hos-
pital, Herlev and Gentofte. Prescription of zinc supplements and the 
association between low levels of zinc and infections, readmissions, 
and mortality were analyzed.

Results: Of the included 143 patients (median age 84 years), 93 
(65%) had low plasma zinc (<10 µmol/L). After adjusting for albumin 
level, only 56 patients (39%) had low levels of zinc, and thereby 
possible zinc deficiency. Out of the 93 patients with low plasma zinc, 
only 36 (39%) received zinc supplements at discharge (22-44 mg/
daily). Plasma zinc was found to be negatively correlated with CRP 

(p<0.001) and positively correlated with albumin (p>0.001). Low 
plasma zinc was associated with poorer 1-year mortality (2.17, 95% 
CI 1.01-4.76). However, after adjustment of albumin level, low zinc 
levels were not associated with poorer outcomes.

Conclusion: Plasma zinc cannot be used to evaluate zinc status in 
hospitalized, often infected, geriatric patients. Our study suggests 
that albumin-corrected zinc is a more reliable assessment of zinc 
status in hospitalized geriatric patients and should guide zinc sup-
plementation.
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zinc	deficiency	and	the	aging	immune	system	has	been	shown	to	have	
several	similarities	[12],	which	is	why	it	has	been	suggested	that	even	
healthy	 older	 adults	 could	 benefit	 from	 zinc	 supplementation	 [13].	
Low	 levels	of	plasma	zinc	have	also	been	 reported	 in	a	number	of	
malignancies	[14,15],	but	the	potential	beneficial	effect	of	zinc	sup-
plements	 in	 preventing	 cancers	 remains	 unclear	 [16].	Additionally,	
there	 is	 a	 lack	 of	 consensus	 of	 treatment	 of	 deficiency	 conditions	
among	older	patients,	including	optimal	doses	of	zinc	and	duration	of	
treatment.	In	clinical	practice	today,	there	is	a	risk	of	both	under-	and	
overtreatment	with	zinc	supplements,	decreasing	compliance	 to	 the	
patient´s	other	medications	if	overtreated	[17].	There	is	also	a	risk	for	
recurrent	deficiency	after	substitution	if	the	nutritional	intake	remains	
insufficient.

	 Prevalence	of	low	plasma	zinc	seems	higher	in	older	people	com-
pared	 to	 younger	 populations	 [18],	 and	 especially	 in	 hospitalized	
subjects	 [19,20].	However,	 prevalence	 of	 zinc	 deficiency	 in	 geriat-
ric	 inpatients	 in	 general	 is	 unknown.	 Plasma	 zinc	 concentration	 is	
the	most	common	method	of	assessment	of	zinc	status	because	it	is	
cost-effective	and	easy	to	analyze	[7].	However,	zinc	is	bound	to	al-
bumin	and	plasma	zinc	concentration	drops	with	 increased	system-
ic	 inflammatory	response,	mediated	by	 lower	hepatic	production	of	
many	zinc	carrier	proteins,	an	increased	capillary	permeability,	and	an	
increased	deposition	of	zinc	into	the	liver	cells	[13,21].	Additionally,	
clinical	laboratory	reference	values	used	in	clinical	practice	are	based	
on	younger	persons	and	it	is	known	that	plasma	zinc	concentrations	
fluctuate	by	as	much	as	20%	during	a	24-hour	period	due	to	food	in-
gestion	[7].	Thus,	it	is	challenging	to	interpret	zinc	status	from	plasma	
zinc	in	admitted	older	patients,	since	they	are	likely	to	possess	both	
an	 acute	 inflammatory	 response,	 and	 a	more	 chronic	 inflammatory	
level	due	to	comorbidities.	A	recent	study	from	Jørgensen	et	al.,	[22]	
including	patients	with	short	bowel	syndrome	or	cirrhosis,	suggest-
ed	 that	 zinc	 should	 be	 adjusted	 in	 relation	 to	 hypoalbuminemia	 to	
achieve	a	better	interpretation	of	zinc	levels	and	true	zinc	deficiency.

	 There	are,	to	our	knowledge,	no	studies	who	have	investigated	the	
prevalence	of	 low	albumin-corrected	zinc	among	geriatric	patients.	
The	present	study,	therefore,	aimed	to	evaluate	the	prevalence	of	low	
plasma	zinc	and	low	albumin-corrected	zinc	among	older	acutely	ad-
mitted	patients,	to	investigate	occurrence	of	supplements	given,	and	
the	association	between	low	levels	of	albumin-corrected	zinc	and	in-
fections,	readmissions,	and	mortality.

Methods
Study design and participants

 The	study	is	a	cross-sectional	design	investigating	plasma	zinc	and	
albumin-corrected	zinc	among	older	patients	admitted	to	the	geriat-
ric	ward	at	Copenhagen	Hospital	University	of	Herlev	and	Gentofte	
during	May	2021.	All	patients	admitted	to	the	geriatric	ward	during	
the	study	had	extended	nutritional	blood	samples	drawn	at	least	one	
time	during	their	admission,	independently	of	nutritional	status.

Data collection and variables

 Data	were	 retrospectively	 collected	 from	 the	 electronic	medical	
record.	Baseline	characteristics	included	age,	sex,	Body	mass	index	
(BMI,	kg/m2),	 any	weight	 loss	 reported	 at	 admission,	 use	of	walk-
ing	aids,	 living	condition,	domestic	help,	comorbidity,	polypharma-
cy	and	nutritional	supplements.	Comorbidity	was	evaluated	by	using	
CIRS-G	 (Cumulative	 Illness	Rating	Scale-	Geriatric).	Readmission	
within	3	months,	and	mortality	within	3	months	and	1	year	after	dis-
charge	was	noted.

Plasma zinc and albumin-corrected zinc

 Plasma	 zinc	 was	 considered	 normal	 between	 10-19	 µmol/l	 ac-
cording	 to	 local	 reference	 values.	Thus,	 plasma	 zinc	 values	 below	
10	µmol/l	was	considered	“low”.	According	to	Jørgensen	et	al.,	[22],	
plasma	zinc	values	can	be	adjusted	for	hypoalbuminemia,	to	prevent	
overestimation	of	efficiencies.	Based	on	a	cohort	of	healthy	blood	do-
nors,	 the	correlation	between	albumin	and	zinc	 (β)	was	 found	with	
a	linear	regression.	Reference	for	albumin	was	based	on	Macdonell	
et	al.,	[23]	using	the	highest	value	of	the	lowest	decile	of	albumin	in	
their	healthy	cohort,	which	was	set	to	45.	Jørgensen	et	al.,	used	the	
following	equation	to	adjust	for	hypoalbuminemia:

Zncorrected=Znmeasured-	(β*(Albuminmeasured-Albuminref))

	 The	 albumin	 reference	 used	 for	 the	 present	 analysis	was	 set	 to	
the	mean	of	 the	normal	 reference	value	 for	 persons	over	 70	years,	
i.e.,	39.5	g/L.	The	correlation	coefficient	(β)	from	the	linear	regres-
sion	was	calculated	for	the	present	cohort,	as	the	correlation	between	
albumin	and	zinc	could	be	different	in	older	patients	compared	with	
healthy	blood	donors.	In	the	present	cohort	β	was	found	to	be	0.212,	
establishing	the	following	model:

Zncorrected	=	Znmeasured-	(0.212*	(Albuminmeasured-39.5)

Statistics

	 Baseline	characteristics	were	presented	as	descriptive	data	for	all	
patients	 and	 for	 patients	 depending	 on	 normal	 or	 low	 plasma	 zinc	
levels.	Categorical	variables	were	compared	using	a	Chi-squared	test,	
otherwise	 Fisher’s	 exact	 test	 was	 used.	 Differences	 in	 distribution	
of	continuous	baseline	variables	were	performed	with	the	Wilcoxon	
rank	 sum	 test.	Correlation	 analysis	was	performed	using	Pearson´s	
correlation	coefficient.

	 Frequencies	of	readmissions	and	mortality	at	3	months	and	1	year	
for	patients	with	low	albumin-corrected	zinc	compared	with	patients	
with	 normal	 values	were	 analyzed	with	 the	 chi	 square	 test.	Binary	
outcomes	were	also	analyzed	by	binary	logistic	regression	and	pre-
sented	as	Odds	Ratios	(ORs)	and	95%	Confidence	Intervals	(CIs),	and	
validated	in	a	multivariate	analysis	including	age,	sex,	and	BMI.

	 The	 correlation	 coefficient	 (β)	 for	 the	 albumin	 corrected	model	
was	found	in	the	linear	regression.	The	statistical	software	IBM	SPSS	
Statistical	Viewer	version	25	was	used	for	all	analyses	with	a	5%	sig-
nificance	level.

Results

 In	 total,	168	patients	were	admitted	 to	 the	geriatric	ward	during	
May	month	in	2021.	Three	of	the	participants	were	duplicates	as	they	
were	readmitted	during	the	period	and	22	did	not	have	extended	blood	
samples	drawn	(missing	data).	The	current	study	population	consisted	
of	 143	participants	 (Figure	1).	The	baseline	 characteristics	 are	 dis-
played	in	table	1	for	all	patients	and	for	patients	with	normal	or	low	
plasma	zinc	levels,	with	and	without	adjustments	for	albumin	level.	
Median	age	was	84	years	(ranged	from	65-100)	and	89	patients	(62%)	
were	women.	Most	patients	lived	in	their	own	homes	(82%)	and	18%	
were	admitted	patients	from	intermediate	care	or	nursing	homes.	No	
significant	differences	in	baseline	characteristics	were	seen	between	
patients	 with	 low	 or	 normal	 plasma	 zinc.	 However,	 fewer	 nursing	
home	residents	than	patients	living	in	their	own	homes	had	low	albu-
min-corrected	zinc.
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Zinc levels and adjustments for hypoalbuminemia

 Overall,	93	patients	(65%)	had	low	plasma	zinc	(<10	µmol/l).	Af-
ter	adjusting	for	albumin	based	on	equation	suggested	by	Jørgensen	et	
al.,	[22],	56	patients	(39%)	had	low	levels	of	zinc,	and	thereby	possi-
ble	zinc	deficiency.	The	majority	of	patients	had	elevated	C-Reactive	
Protein	(CRP)	levels	>5mg/L	110	(77%),	87	patients	(61%)	had	CRP	
>20	mg/L,	and	49	patients	(34%)	had	hypoalbuminemia.	All	patients	
with	plasma	zinc	<	6	µmol/l	had	albumin-corrected	zinc	below	<10	
µmol/l,	and	thereby	possible	zinc	deficiency.	Plasma	zinc	was	found	
to	be	negatively	correlated	with	CRP	(r=	-0.465,	p<0.001)	and	posi-
tively	correlated	with	albumin	(r=	0.525,	p>0.001).

Multivitamin and zinc supplements at admission

 A	portion	of	 the	patients	were	 treated	with	multivitamin	or	zinc	
supplements	at	admission	(15%	vs.	7.0%).	There	was	a	tendency	to-
wards	higher	frequencies	of	multivitamins	and	zinc	supplements	pre-
scribed	among	patients	admitted	from	nursing	homes	compared	with	
patients	admitted	from	own	homes	(24%	vs.	13%,	p	=	0.147	and	16%	
vs.	5.1%,	p	=	0.	052).

	 In	total,	9	patients	(18%)	of	the	50	patients	with	normal	plasma	
zinc	received	multivitamins	compared	with	12	(13%)	of	 the	93	pa-
tients	with	 low	plasma	zinc	(Table	1).	Additionally,	4	(8.0%)	of	50	
patients	with	normal	plasma	zinc	and	6	(7%)	of	the	93	patients	with	
low	plasma	zinc,	had	zinc	supplements.	When	adjusting	for	hypoal-
buminemia,	7	(13%)	of	 the	56	patients	with	 low	albumin-corrected	
zinc	and	14	(16%)	of	the	87	patients	with	normal	albumin-corrected	
zinc	were	treated	with	multivitamins.	Furthermore,	3	(5.4%)	of	the	56	
patients	with	low	albumin-corrected	zinc	and	7	(8.0%)	of	the	87	pa-
tients	with	normal	albumin-corrected	zinc,	were	already	in	treatment	
with	zinc	supplements.

Zinc supplements at discharge

 Totally	 36	 (39%)	 of	 patients	 with	 low	 plasma	 zinc,	 received	
zinc	 supplements	 (22-44	 mg/daily).	 Of	 the	 56	 patients	 with	 low	
albumin-corrected	 zinc,	 28	 (50%)	 received	 zinc	 supplements	 at		

discharge.	At	discharge,	a	 total	of	38	(27%)	out	of	 the	entire	popu-
lation	had	zinc	supplements	added	to	their	medication	list	compared	
with	at	admission.

Prognosis

 Overall,	51	 (37%)	patients	were	 readmitted	at	 least	once	within	
three	months,	and	31	(22%)	patients	died	within	three	months.	One	
year	mortality	was	35%.	In	addition,	five	patients	died	during	hospi-
talization,	and	all	of	them	had	low	plasma	zinc.	Furthermore,	41%	of	
patients	with	low	plasma	zinc	died	within	the	1st	year	of	follow	up,	
compared	with	only	24%	among	patients	with	normal	plasma	zinc	(P	
=	0.044)	(Table	2).	However,	when	using	albumin-corrected	zinc	no	
difference	was	seen	in	1-year	mortality.

	 No	difference	in	3-months	readmission	rates	and	3-months	mor-
tality	was	seen	between	patients	with	low	vs.	normal	levels	of	plasma	
zinc	or	albumin-corrected	zinc.	More	patients	with	elevated	CRP	(>5	
mg/L)	died	within	the	1st	year,	compared	with	patients	with	normal	
CRP	(40%	vs.	18%,	p	=	0.021).	No	difference	in	outcomes	was	seen	at	
3	months.	Patients	with	hypoalbuminemia,	had	higher	3-months´	and	
1-year	mortality	compared	with	patients	with	normal	albumin	levels	
(43%	vs.	 11%,	 p<0.001)	 and	 (51%	vs.	 27%,	 p=	 0.004,	 respective-
ly).	Low	plasma	zinc	was	associated	with	increased	1-year	mortality	
(2.17,	95%	CI	1.01-4.76),	but	could	not	be	validated	in	the	multivar-
iate	model.	After	adjustment	of	albumin	level,	low	zinc	level	was	not	
associated	with	poorer	outcomes	(Table	3).

	 Hypoalbuminemia	was	 found	 to	be	associated	with	higher	mor-
tality	at	3	months	and	1	year	in	the	univariate	analysis	and	confirmed	
in	the	multivariate	analysis	(2.86,	95%	CI	1.39-5.88	and	4.00,	95%	
CI	1.69-9.09	respectively).	Elevated	CRP	(>5	mg/L)	was	also	found	
to	be	associated	with	increased	1-year	mortality	(3.03,	95%	CI	1.15-
7.87),	but	could	not	be	confirmed	in	the	multivariate	analysis.

Discussion

 In	 this	 cross-sectional	 study	 of	 143	 acutely	 admitted	 geriatric	
patients,	we	found	that	more	than	half	of	the	patients	had	low	plas-
ma	 zinc	 based	 on	 plasma	 zinc	 concentration.	When	 adjusting	 zinc	
measurements	 for	 albumin	 levels,	 the	 prevalence	 of	 zinc	 depletion	
decreased	from	65%	to	39%	of	patients.	The	high	prevalence	of	low	
plasma	zinc	is	in	line	with	Girodon	et	al.,	[24]	who	found	low	plasma	
zinc	in	61%	of	older	admitted	patients.	In	addition,	it	has	long	been	
known	that	zinc	concentration	is	lower	among	older	adults	compared	
to	 younger	 adults	 [18,25]	 and	 in	 hospitalized	patients	 compared	 to	
healthy	 adults	 [26].	However,	we	 found	 the	 prevalence	 of	 patients	
with	 low	 plasma	 zinc	 to	 be	 lower	 in	 patients	 admitted	 from	 care	
homes	than	in	patients	admitted	from	their	own	home.	This	could	be	
due	to	the	tendency	found	towards	more	frequent	use	of	supplements	
but	also	more	sufficient	nutritional	intake.

	 Low	albumin	can	be	caused	by	a	low	intake	of	protein.	Further-
more,	a	prevalent	reason	for	low	albumin	in	hospitalized	patients	is	
high	levels	of	CRP.	A	major	reason	for	admission	in	the	present	study	
was	infection	with	most	patients’	CRP	levels	over	20	mg/L,	indicating	
an	active	systemic	immune	response.	We	found	a	significant	associa-
tion	between	plasma	zinc	and	CRP,	in	line	with	Duncan	et	al.,	[21]	who	
found	that	plasma	zinc	concentration	decreased	when	CRP	increased.	
Systemic	 inflammatory	 response	 is	 known	 to	decrease	plasma	zinc	
concentrations	independently	of	the	actual	zinc	status	[21].	However,	
plasma	zinc	is	usually	normalized	after	clinical	improvement	[27,28].		

Figure 1:	Patient	inclusion	and	results	of	zinc	analyses.
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Characteristics
All patients
N (%)

Normal plasma 
zinc
N = 50
n (%)

Low plasma zinc
N = 93
n (%)

p

Normal albumin-cor-
rected zinc
N = 87
n (%)

Low albumin-corrected 
zinc
N = 56
n (%)

p

Sex
Female
Male

89	(62%)	
54	(38%)

33	(66)	
17	(34)

56	(60%)	
37	(40%)

0.496
56	(64)
31	(36)

33	(59)
23	(41)

0.513

Age Years	median	(range) 84	(65	-	100) 82	(65	-	100) 85	(65	-	97) 0.424 83	(65	-	100) 85.5	(69	-	97) 0.325

BMI Median	(range) 24.7	(15.5	-	42) 29	(24.7	-	33.5 25	(15.5	-	42) 0.570 24.2	(16.5	-	40.8) 23.7	(16.2	-	36.6 0.595

Living condition
Own	Home
Intermediate	 or	 nurs-
ing	home

118	(82)
25	(18)

39	(78)
11	(22)

79	(85)
14	(15)

0.297
67	(77)
20	(23)

51	(91)
5	(8.9)

0.031

Walking aid
No	walking	aid	
Walking	aid	
Wheelchair	bound
NA

38	(27)	
78	(55)	
25	(17)
2	(1.4)

17	(34)	
24	(48)	
9	(18)

21	(23)
54	(58)
16	(17)
2	(2.2)

0.350

22	(25)
46	(53)
18	(21)
1	(1.1)

16	(29)
32	(57)
7	(13)
1(1.8)

0.646

CIRS - G Score	(range) 8	(1	-	16) 8	(1	-	16) 8	(1	-	14) 0.357 8	(1	-16) 8	(1	-	14) 0.994

Daily medication No.	(range) 8	(0	-	25) 9.5	(1	-	25) 7	(0	-	17) 0.120 8	(0	-25) 7	(0	-16) 0.420

Daily intake of pills No.	(range) 12	(0	-	38) 13	(1	-	38) 11	(0	-	28) 0.466 12	(0	-38) 10.5	(0	-	27) 0.551

Multivitamin at 
admission

Yes 21	(15) 9	(18) 12	(13) 0.412 14	(16) 7	(13) 0.554

Zinc supplement at 
admission

Yes 10	(7.0) 4	(8.0) 6	(7.0) 0.740 7	(8.0) 3	(5.4) 0.538

Weight loss
N=136

No	
Yes

96	(71%)	
40	(29%)

37	(79%)	
10	(21%)

59	(66%)
30	(34%)

0.130
61	(70)
22	(25)

35	(67)
18	(32)

0.635

Table 1:	Baseline	characteristics.

Readmission < 3 months
N = 138*

3-months mortality
N = 143

1-year mortality
N = 143

Readmission
N = 56

No readmission
N = 82

Dead
N = 31

Alive
N = 112

Dead
N = 50

Alive
N = 88

n (%) n (%) P n (%) n (%) P n (%) n (%) P

Normal plasma zinc
Low plasma zinc

20	(40)
36	(41)

30	(60)
52	(59)

0.917
8	(25)	
23	(75)

42	(38)	
70	(63)

0.227
12	(24)	
38	(41)

38	(76)
55	(59)

0.044

Normal albumin-corrected zinc
Low albumin-corrected zinc

35	(41)
21	(19)

50	(59)
32	(81)

0.857
21	(24)	
10	(18)

66	(76)
46	(82)

0.374
31	(35)
19	(34)

56	(64)
37	(66)

0.835

Normal albumin 
Low albumin 

38	(41)	
18	(39)

54	(59)
28	(61)

0.806
10	(11)	
21	(43)

84	(89)
28	(57)

<0.001
25	(27)
25	(51)

69	(73)
24	(49)

0.004

Normal CRP
> CRP 5 mg/L 

13	(39)	
43	(41)

20	(61)
62	(59)

0.874
3	(9.7)	
28	(25)

30	(91)
82	(75)

0.054
6	(18)	
44	(40)

27	(82)
66	(60)

0.021

Normal CRP
> CRP 20 mg/L 

22	(39)
34	(41)

34	(61)
48	(59)

0.789
10	(18)	
21	(24)

46	(82)
66	(76)

0.374
15	(27)	
35	(40)

41	(73)
52	(60)

0.100

Table 2:	Outcomes	depending	on	baseline	blood	results.

*	5	patients	died	during	hospitalization

Readmission < 3 months
N = 138*

3-months mortality
N = 143

1-year mortality
N = 143

Readmission
N = 56

No readmission
N = 82

Dead
N = 31

Alive
N = 112

Dead
N = 50

Alive
N = 88

n (%) n (%) P n (%) n (%) P n (%) n (%) P

Normal p-zinc
Low p-zinc

20	(35)
36	(65)

30	(37)
52	(63)

0.917
8	(26)	
23	(74)

42	(38)	
70	(63)

0.227
12	(24)	
38	(76)

38	(43)
55	(57)

0.044

Zinc sufficient 
Zink deficiency**

35	(63)
21	(37)

50	(61)
32	(39)

0.857
21	(68)	
10	(32)

66	(59)
46	(41)

0.374
31	(62)
19	(38)

56	(64)
37	(36)

0.835

Normal albumin 
Low albumin 

38	(68)	
18	(32)

54	(67)
28	(33)

0.806
10	(32)	
21	(68)

84	(75)
28	(25)

<0.001
25	(50)
25	(50)

69	(78)
24	(22)

0.004
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Measurement	of	zinc-dependent	cell-mediated	immune	function,	has	
demonstrated	mild	zinc	deficiency	despite	normal	plasma	zinc	[29].	
Therefore,	laboratory	characterization	of	mild	zinc	deficiency,	and	the	
interpretation	of	plasma	zinc	concentration	is	difficult.	Duncan	et	al.,	
[21]	stated	that	plasma	zinc	concentrations	could	not	be	interpretated	
clinically	when	CRP	 levels	were	 above	 20	mg/L.	Accordingly,	 the	
ESPEN	 micronutrient	 guideline	 [7]	 recommends	 that	 plasma	 zinc	
should	be	used	 to	confirm	suspicion	of	clinical	zinc	deficiency	and	
monitoring	provision,	and	that	measurement	of	CRP	and	albumin	is	
necessary	for	interpretation.

	 We	 found	 that	 patients	with	 low	plasma	 zinc	 concentration	had	
significantly	higher	occurrence	of	hypoalbuminemia.	Jørgensen	et	al.,	
[22]	also	found	a	strong	association	between	hypoalbuminemia	and	
low	 levels	 of	 zinc	 and	 suggested	 that	 zinc	 levels	 should	be	 adjust-
ed	for	level	of	albumin	before	interpreted	and	used	for	diagnosis	of	
zinc	 deficiency.	 In	 a	 following	 study,	Hedegaard	 et	 al.,	 [28]	 found	
that	albumin-corrected	zinc	values	in	acutely	admitted	patients	with	
infections	were	comparable	 to	 the	patients´	plasma	zinc	at	14	days	
follow	up	after	admission.	The	authors	suggest	that	the	assay	could	
be	a	proper	way	to	assess	zinc	depletion	during	infection.	When	ad-
justing	 zinc	measurements	 for	 albumin	 levels	 in	 the	 present	 study,	
prevalence	of	zinc	depletion	decreased	from	65%	to	39%	of	patients.	
Thus,	the	prevalence	matches	well	with	insufficient	zinc	intake	in	half	
of	older	adults	[30],	thus	supporting	that	albumin-corrected	zinc	may	
be	a	more	accurate	method	to	evaluate	zinc	status	in	older	admitted	
patients	with	elevated	CRP.	However,	the	former	study	only	evaluated	
zinc	 intake	 through	nutrition,	not	 including	zinc-containing	supple-
ments.

	 In	the	present	study	few	patients	were	already	receiving	multivita-
min	or	zinc	supplementation	at	admission	and	only	zinc	supplemen-
tation	seemed	to	reduce	the	number	of	patients	with	low	albumin-cor-
rected	zinc.	The	total	number	of	patients	receiving	multivitamins	at	
admission	or	at	discharge	were	small,	considering	that	all	older	adults	
>70	years	in	Denmark	with	reduced	appetite	are	recommended	to	re-
ceive	daily	multivitamin	supplementation	[31].	At	discharge,	25%	of	
the	patients	received	zinc	supplements.	Although	this	must	be	consid-
ered	an	overtreatment	for	those	who	did	not	have	low	albumin-cor-
rected	zinc,	there	might	have	been	a	beneficial	effect	with	improved	
immune	function.	Prasad	et	al.,	[32]	found	significantly	fewer	signs	
of	infections	among	older,	but	healthy,	participants	recruited	from	a	
senior	center,	after	intake	of	45	mg	zinc	daily.	Furthermore,	zinc	sup-
plements	have	been	found	to	have	a	positive	impact	on	survival	in	the	
COVID	pandemic	independent	of	their	plasma	zinc	status	[33].

	 Low	plasma	zinc	and	 low	albumin-corrected	zinc	 in	 the	present	
study	 were	 not	 associated	 with	 readmissions	 or	 mortality	 within	
3-months.	However,	there	was	an	observed	link	between	low	levels	
of	zinc	and	one-year	mortality.	This	association,	however,	could	not	
be	verified	through	the	multivariate	analysis.	Therefore,	the	inclina-
tion	toward	an	adverse	outcome	is	likely	influenced	by	other	factors,		

such	as	hypoalbuminemia.	Additionally,	 it	has	been	shown	that	pa-
tients	with	COVID-19	and	low	serum	zinc	concentration	had	worse	
outcomes	[34].	The	authors	did	not	take	plasma	albumin	into	account,	
and	poorer	outcome	could	again	be	driven	by	hypoalbuminemia.	This	
highlights	the	need	for	correct	laboratory	methods	of	assessment	of	
zinc	status	such	as	albumin-corrected	zinc.	Due	to	the	multifactorial	
reasons	for	low	zinc	levels,	plasma	zinc	might	be	considered	a	bio-
marker	for	frailty	as	it	also	may	contribute	to	immune	senescence	[6].

	 A	strength	of	 the	study	is	 the	discussion	of	different	methods	to	
assess	whether	an	acutely	 infected	geriatric	patient	needs	zinc	sup-
plementation.	Limitations	include	a	small	sample	size.	Additionally,	
there	was	no	data	on	nutritional	status	including	nutritional	and	suffi-
cient	zinc	intake.	Furthermore,	potential	symptoms	of	zinc	deficiency	
were	not	described,	and	could	not	be	collected	retrospectively.	Fur-
thermore,	it	is	challenging	to	assess	symptoms	of	mild	zinc	deficiency	
especially	among	older	patients	who	often	present	with	infections	and	
malnutrition	at	admission	 [4].	Thus,	making	 the	ESPEN	guidelines	
[7]	of	diagnosing	clinical	zinc	deficiency	difficult	to	use	when	treating	
older	hospitalized	adults	due	to	lack	of	reliable	methods	in	the	gen-
eral	clinical	practice	for	measuring	zinc	deficiency.	We	believe	that	a	
strength	of	this	study	is	its	contribution	to	the	discussion	of	how	to	use	
the	available	methods	in	geriatric	patients.

	 Ultimately,	the	prevalence	of	low	levels	of	plasma	zinc	was	65%	
among	acutely	admitted	geriatric	patients	in	the	present	study.	After	
adjusting	for	albumin	level,	the	prevalence	was	only	39%,	although	
still	a	significant	number.	Plasma	zinc	alone	cannot	be	used	to	eval-
uate	 zinc	 status	 in	 hospitalized	 geriatric	 patients,	 who	 often	 have	
high	CRP	and	low	albumin.	Our	study	supports	 the	suggestion	that	
albumin-corrected	zinc	 is	 likely	 to	be	a	more	correct	assessment	 to	
diagnose	“true”	zinc	depletion	in	hospitalized	patients	with	high	CRP.	
Further	trials	investigating	the	association	between	albumin-corrected	
zinc,	zinc	 intake	and	symptoms	of	zinc	deficiency	in	older	medical	
patients	are	needed.
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