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Abstract: Zinc is an essential trace element, and anemia is the most common blood disorder. The
association of zinc with anemia may be divided into three major forms: (1) zinc deficiency contributing
to anemia, (2) excess intake of zinc leading to anemia, and (3) anemia leading to abnormal blood–zinc
levels in the body. In most cases, zinc deficiency coexists with iron deficiency, especially in pregnant
women and preschool-age children. To a lesser extent, zinc deficiency may cooperate with other
factors to lead to anemia. It seems that zinc deficiency alone does not result in anemia and that it
may need to cooperate with other factors to lead to anemia. Excess intake of zinc is rare. However,
excess intake of zinc interferes with the uptake of copper and results in copper deficiency that leads
to anemia. Animal model studies indicate that in anemia, zinc is redistributed from plasma and
bones to the bone marrow to produce new red blood cells. Inadequate zinc status (zinc deficiency or
excess) could have effects on anemia; at the same time, anemia could render abnormal zinc status in
the body. In handling anemia, zinc status needs to be observed carefully, and supplementation with
zinc may have preventive and curative effects.
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1. Introduction

Zinc is one of the most important trace elements in organisms and has three major
biological roles: catalyst, structural component, and regulatory ion. In living organisms,
zinc is the second most abundant trace element after iron. The average amount of zinc in the
adult human body is approximately 1.4–2.3 g. Zinc appears to be a multipurpose element
necessary for biological processes, and public health. There have been many reviews on its
biochemistry, physiology, pathology and important roles in biology [1–10]. The association
of zinc and zinc deficiency with various diseases has also been reviewed [11–19], but
the association of zinc and anemia has not been widely reported. Zinc deficiency and
excess could contribute to anemia, and abnormal zinc levels (lower plasma zinc and higher
erythrocyte zinc) in the blood could be the consequence of anemia. In this review, the
effects of zinc deficiency and excess on anemia will be discussed, followed by a description
of how anemia could lead to abnormal blood–zinc status in the body, which has been found
only recently.

2. Anemia

Anemia is a decrease in the total number of red blood cells (RBCs) or the amount of
hemoglobin in the blood. Anemia can cause reduced work productivity, poor pregnancy
outcomes, increased maternal and perinatal mortality and morbidity, cognitive decline,
dementia, and poor educational achievement [20,21]. Anemia is the most common blood
disorder. It was estimated that in 2013, anemia affected 27 percent of the world’s population,
or 1.93 billion people [22]. The global anemia prevalence accounted for 8.8% of the world’s
years lived with disability in 2010 [23]. Anemia results from numerous causes, such as
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poor nutrition (iron deficiency, vitamin B12 deficiency, folate deficiency, and others) and
poor health (bone marrow failure, chronic disease, or thalassemia) [24]. In most cases,
iron deficiency is the predominant cause of anemia (>60%). Among people with chronic
diseases, people with chronic kidney disease (CKD) have a high prevalence of anemia.
CKD-related anemia in individuals under 35 years of age accounts for <10% of the global
anemia prevalence, but the proportion increases with increasing age. In the 80+ age
group, CKD-related anemia affects approximately 45% of the population, surpassing iron-
deficiency anemia by approximately 25% [23]. It seems that at most ages, iron deficiency
(nutritional deficiency) is the major cause of anemia, while in older adults, poor health
related to CKD is the main cause of anemia.

3. Trace Elements Related to Anemia
3.1. Iron, Zinc, Copper, Manganese, Molybdenum, and Cobalt Are Related to Anemia

Anemia is pathophysiologically diverse and often multifactorial. Iron is the most
abundant trace element, and its deficiency is the leading cause of all types of anemia.
Several other trace elements, including zinc, copper, manganese, molybdenum, and cobalt,
are also related to anemia [25–28].

3.2. Iron-Deficiency Anemia

Iron-deficiency anemia accounts for >60% of the global anemia prevalence, and certain
groups are more vulnerable than others. Among women of reproductive age (aged 15–49 years),
the proportion of the global anemia prevalence accounted for by iron-deficiency anemia ranged
from 35% to 71%, and among preschool-aged children (aged younger than 4 years), it ranged
from 30% to 58% [23]. Because of blood loss during menstruation in females and the increasing
iron needs of infants, women of reproductive age and preschool-aged children in particular suffer
from a lack of iron. Several chronic diseases, namely, CKD, chronic heart failure, cancer, and
inflammatory bowel disease are also frequently associated with iron-deficiency anemia [21,29].

Approximately 60% of the total body iron is present in the hemoglobin in red blood
cells, and 7% is in muscle myoglobin; thus, approximately 67% of the body’s iron occurs
in proteins that transport or store oxygen. Approximately 12–13% of body iron is found
in iron-containing enzymes. Iron is essential for the oxygen transport system and various
cellular mechanisms [21,25]. Iron-deficiency anemia can be divided into two main forms:
absolute and functional. Absolute iron-deficiency anemia arises in instances of increased
demand, decreased intake, decreased absorption, and chronic blood loss. Functional iron-
deficiency anemia is a disorder in which the total body iron level is normal or increased;
however, iron is not effectively mobilized from the iron stores to the bone marrow or there
is a mismatch between iron demand and supply. Absolute and functional iron deficiencies
can coexist [21,29].

4. Association of Zinc with Anemia

Compared to the established medical literature on iron deficiency [30], the literature
on zinc and anemia is very limited [31]. The association of zinc with anemia may be divided
into three major forms: (1) zinc deficiency contributing to anemia, (2) excess intake of zinc
leading to anemia, and (3) anemia leading to abnormal blood–zinc levels in the body.

5. Zinc Deficiency Contributing to Anemia

Deficiency of zinc is widespread and affects systemic growth; metabolism; development
of connective tissue, bone and teeth; immune responses; cytokine production; and endocrine
regulation [6], but zinc deficiency has only recently been associated with anemia [31].

5.1. Zinc Deficiency Coexists with Iron-Deficiency Anemia

Over the years, many reports have indicated that zinc deficiency is significantly
associated with iron-deficiency anemia, especially in women of reproductive age and
preschool-aged children.
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5.1.1. In Women of Reproductive Age

In pregnant Japanese women, zinc status can account for hematological abnormalities
to some extent [32]. In a study of 1185 Chinese pregnant women, Ma et al. [33] found that
the frequency of iron-deficiency anemia was 51.04% and that the frequencies of iron and
zinc deficiency in anemic women were 41.58 and 51.05%, respectively. Among the pregnant
women in southern Ethiopia studied by Gibson et al. [34], 29% had iron-deficiency anemia,
and 74% had low plasma zinc. A low level of serum zinc was shown to be related to anemia
and iron deficiency. In central Sudan, among 200 pregnant women, 52.5% had anemia.
Iron-deficiency anemia was prevalent in 6.5% of these women, and 45.0% of them had zinc
deficiency [35]. In a study of 351 pregnant women in Nigeria, 63.5% had anemia, and the
prevalence rates of iron and zinc deficiency were 64.1% and 49.3%, respectively [36]. In
Turkey, serum zinc levels were compared between 30 healthy women and 30 women with
iron deficiency (aged between 18 and 60 years). The zinc level in the iron-deficiency anemia
group was significantly lower than that in the healthy group [37]. Furthermore, in a case–
control study in Iraq, Rasool et al. [38] showed that pregnant women with iron-deficiency
anemia had a significantly lower concentration of serum zinc. In Nigeria, iron and zinc
deficiency and hematological correlations among anemic pregnant women were studied,
and 24/50 (48%) of the pregnant participants were anemic and zinc deficient (44/50, 88%).
All of the iron-deficient pregnant women (14/50, 28%) were also zinc deficient, except
one [39]. Yokoi et al. [40] indicated that iron-deficient premenopausal women without
anemia are likely to be zinc deficient, and zinc pool sizes and iron stores were highly
correlated in premenopausal women.

5.1.2. In Preschool-Aged Children

Among children, it was reported that only 35–55% of cases of iron-deficiency anemia
are solely due to iron deficiency and that others are associated with changes in the status of
multiple trace elements [26]. In Turkey, Ece et al. [41] reported that serum zinc levels were
lower in 60 children aged 1–14 years with iron-deficiency anemia than in 64 healthy children.
Gürgöze et al. [42] studied the serum zinc level in 52 Turkish children with iron-deficiency
anemia and 46 healthy children, all between 1 and 4 years of age. They found that the mean
serum zinc concentration was significantly lower in the iron-deficiency anemia group than in
the healthy group. In Bulgaria and Ukraine, the serum zinc level in children under 3 years of
age with iron-deficiency anemia was lower than that in the controls [26].

5.1.3. In Adults

In addition to pregnant women and preschool-aged children, 43 adults (mean age 35)
in Turkey with iron-deficiency anemia also had a high rate of zinc deficiency of 59.5%. Zinc
deficiency not only coexists with iron-deficiency anemia but also aggravates the epithelial
symptoms (angular cheilosis, glossitis, stomatitis, dysphagia, esophageal web, hair or nail
changes, and easy bruising) of iron-deficiency anemia [43]. To determine whether zinc
deficiency is associated with iron-deficiency anemia and to assess its effect on symptoms
of iron-deficiency anemia, 30 Turkish adults (mean age, 32 years; male/female, 17/13)
with iron-deficiency anemia were compared with healthy controls (mean age, 33 years;
male/female, 18/12). Patients with iron-deficiency anemia had significantly lower serum
zinc levels (43.4 mg/dL) than the control subjects (94.7 mg/dL). Among symptomatic
patients, the serum zinc level was significantly lower than that in nonsymptomatic patients.
The coexistence of zinc and iron deficiencies can exaggerate the degree and symptoms of
iron-deficiency anemia [44].

5.2. Zinc and Iron Coexist in Food

Iron and zinc are the two most abundant trace minerals in the human body. Iron and
zinc usually have similar levels in foods. Interestingly, most of the above reports of women,
children, and adults with zinc deficiency are from developing countries. Zinc deficiency is
thought to be uncommon in the United States and other developed countries because the
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consumption of zinc-rich food is common in these countries [45]. Lim et al. [46] compared
foods of animal and plant origin and found that there is a strong association between iron
and zinc content in foods. Furthermore, the bioavailability and inhibition of both minerals
are affected by the same food components. The cause of iron or zinc deficiency may be
inadequate dietary intake of iron or zinc, but the most common causative factor is most
likely phytate, which is an inhibitor of iron and zinc absorption. Phytate is present in
staple foods such as cereals, corn and rice and has a strong negative effect on iron and zinc
absorption from composite meals [10,47,48]. Concurrent iron and zinc deficiencies may be
the result of low meat intake and high dietary phytate from staple foods [48].

In human nutrition, iron and zinc are frequently assessed together. Consequently, zinc
deficiency and iron deficiency tend to be identified simultaneously [46,49,50]. Graham
et al. [50] proposed that a significant proportion of iron-deficiency anemia in humans might
be due to zinc deficiency. It was suggested that serum zinc levels should be evaluated in
iron-deficiency anemia patients and that combined iron and zinc supplementation should
be considered if necessary [33,39,43,44].

5.3. In Anemia, Zinc Deficiency May Not Coexist with Iron Deficiency; However, It May
Cooperate with Other Factors to Lead to Anemia

Although a significant proportion of zinc deficiency coexists with iron-deficiency
anemia in humans, several studies indicate that zinc deficiency may not coexist with iron
deficiency in anemia. Cole et al. [45] reported that the prevalence of anemia among low-
income minority children from Atlanta, Georgia, USA, was 13.2% (total children surveyed,
n = 280). Anemic children had a significantly lower mean serum zinc concentration than
that of nonanemic children (p = 0.004). However, mean serum zinc concentrations were
not significantly different between children with low iron stores (based on the ferritin
concentration) and those with adequate iron stores (p = 0.29).

Greffeuille et al. [31] surveyed zinc status and anemia in 18,658 preschool-aged chil-
dren in 13 countries and 22,633 nonpregnant women of reproductive age in 12 coun-
tries. They found that zinc deficiency was associated with a high prevalence of anemia in
preschool-aged children and women of reproductive age in 4 and 5 countries, respectively.
The association between zinc and hemoglobin concentrations appears to be independent of
iron status in some countries.

Houghton and coworkers [51] studied the relations of iron, zinc, selenium, and vitamin
D status with hemoglobin and anemia in 503 children in New Zealand (aged 5–15 years)
and found that 4.6% of the children were anemic, 3.2% had depleted iron stores, and none
had iron-deficiency anemia. However, the low serum zinc frequency was 14.1%, and zinc
deficiency was found to be a risk factor for anemia but did not coexist with iron deficiency.
The reason that zinc deficiency did not coexist with iron deficiency in the New Zealand study
was suspected to be because in New Zealand, breakfast cereals are often fortified with iron
but not zinc. It was also found that selenium might have an indirect effect on anemia.

In a 2016 national micronutrient survey in Cambodia [52], anemia was found in 53% of
the 792 Cambodian children studied. In anemic children, the prevalence of zinc deficiency
was 39.6%, while that in nonanemic children was 24.8%. Iron deficiency in the anemic and
nonanemic children was 10.5% and 8.5%, respectively. Anemia was associated with zinc
deficiency but not iron deficiency. However, hookworm infection and hemoglobinopathy
were significantly associated with anemia.

5.4. Zinc Is Essential for Erythropoiesis

In mammals, erythropoiesis takes place in the bone marrow. The process originates
from a multipotent hematopoietic stem cell and terminates in a mature, enucleated erythro-
cyte [53]. Erythropoietin (EPO) is a humoral cytokine that targets erythroid cells and their
progenitors [54]. Erythropoiesis in mammals is regulated by the hormone EPO [55,56].

Several studies using animal models indicate that zinc is essential for erythropoiesis.
Huber and Cousins [57] studied the redistribution of body zinc in rat bone marrow after
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induced erythropoiesis and found that zinc is necessary to support the expansion of the
erythrocytic compartment. In pregnant rat dams, erythrocyte production was suppressed
in those that were zinc deprived [58]. In another report, young adult mice were fed a
zinc-deficient diet for 34 days, and the number of erythroid lineage cells was found to
decline by as much as 60%. The results indicated that erythropoiesis was disrupted by zinc
deficiency [59]. In addition, King et al. [60] studied the impact of chronic zinc deficiency on
erythropoiesis in mice and found that at day 50, the erythroid compartment was reduced
by 35%. Konomi et al. [61] suggested that zinc deficiency is associated with depressed
hematopoiesis because when rats were fed zinc-deficient diets for 4 weeks, their plasma
EPO concentration decreased. Recently, in a series of studies, Jeng and coworkers found
that zinc supplementation in vivo stimulates erythropoiesis in rats with phenylhydrazine-
induced anemia and those with 5/6 nephrectomy-induced anemia; in vitro, it induces red
blood cell formation in the bone marrow [62–64]. Evidently, zinc is highly involved in new
red blood cell formation.

5.5. Zinc Deficiency Alone Does Not Cause Anemia in Rats

Whether zinc deficiency directly causes anemia has been studied in several animal
models. Paterson and Bettger [65] studied the effects of zinc deficiency on the hematological
profile of male rats (they fed male Wistar rats a diet containing less than 1 ppm zinc for three
weeks, and the control rats were fed a diet supplemented with 100 ppm zinc). It was found
that zinc depletion resulted in elevated numbers of erythrocytes and hematocrit levels. In
addition, the depletion of zinc did not result in a significant change in the erythrocyte age
distribution. When 40 male Sprague–Dawley rats were fed an iron-deficient diet (30 mg
zinc/kg, no supplemental iron), zinc-deficient diet (4.5 mg zinc and 35 mg iron/kg), or
iron/zinc-deficient diet (4.5 mg zinc/kg, no supplemental iron) for 4 weeks, both the iron-
deficient and iron/zinc-deficient groups had a significantly lower hematocrit; in contrast,
the zinc-deficient group had higher hematocrit levels [61]. Someya et al. [66] fed male rats
a zinc-deficient diet (0.7 mg zinc/kg diet) and compared them with those fed a control
diet (34.8 mg zinc/kg diet) for 4 weeks, finding that there were no significant differences
in the number of red blood cells, hematocrit or hemoglobin concentration between these
two groups. The rat model indicates that iron deficiency, or iron/zinc deficiency results
in anemia. Zinc deficiency alone does not cause anemia in rats, at least not within a short
period, e.g., 4 weeks.

5.6. Zinc Deficiency May Need to Cooperate with Other Factors to Lead to Anemia

Multiple factors can contribute to the occurrence of anemia [31]. The most prevalent risk
factors associated with anemia in low- and middle-income countries seem to be nutritional
deficiencies, infection/inflammation, and genetic hemoglobin disorders [67]. Based on the
analysis of the above data, the following summary statements can be made: 1. Clinical
investigation shows that (a) zinc deficiency is highly associated with anemia, and a significant
proportion of zinc deficiency coexists with iron deficiency; (b) to a lesser extent, zinc deficiency
may cooperate with other factors to lead to anemia; and (c) no reports in humans recognize
zinc as a primary factor for anemia. 2. Animal model studies show that (a) zinc is essential for
erythropoiesis; (b) in rats, iron deficiency or iron and zinc deficiency results in anemia, but not
zinc deficiency alone. At present, there are no data showing a causal relationship between
zinc deficiency and anemia. Here, we present the hypothesis that zinc deficiency alone does
not result in anemia and that it may need to coexist with other factors to lead to anemia.
In humans, the major cooperative factor may be iron deficiency, and the minor cooperative
factors may be other nutritional deficiencies, such as folate, vitamin B12, vitamin B6, riboflavin,
and vitamin A, or infection/inflammation [24,67]. The hypothesis we suggested warrants
further examination.
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5.7. Summary of the Association of Zinc Deficiency with Anemia

Deficiency of zinc is widespread; it not only affects the progression of many dis-
eases but also contributes to anemia. The association of zinc deficiency with anemia is
summarized in Table 1.

Table 1. Zinc deficiency contributing to anemia.

1. In clinical investigation References

(1) In most cases, zinc deficiency coexists with
iron-deficiency anemia

a. Mostly in women of reproductive age
(because they lose blood during
menstruation)

[33–40]

b. Mostly in preschool children (because
infants need increasing iron and zinc) [26,41,42]

c. In adults (relatively rare) [43,44]

d. The reason for the coexistence of zinc
deficiency with iron deficiency (The
major reason is zinc and iron coexist in
food and have same inhibitor, phytate)

[10,45,46]

(2). To a lesser extent, zinc deficiency may
cooperate with other factors to lead to anemia [31,45,51,52]

(3). No reports in humans recognize zinc as a
primary factor [31,45,51]

2. In animal model studies

(1). Zinc is essential for erythropoiesis [57–64]
(2). In rats, iron deficiency or iron+zinc
deficiency results in anemia, but not zinc
deficiency alone

[61,65,66]

3. A hypothesis is presented: zinc
deficiency might need to cooperate
with other factor(s) to lead to anemia.
In humans the main cooperate factor
might be iron deficiency, the minor
cooperate factor(s) might be other
nutritional deficiency or disease

6. Excess Intake of Zinc Leads to Anemia
6.1. Types of Excess Intake

Zinc is essential for humans, and the recommended dietary allowances for zinc are 11
and 8 mg/day for men and women, respectively [68]. In contrast to zinc deficiency, which
is widespread, excess intake of zinc is rare. However, there are case reports on anemia
induced by excessive and prolonged intake of oral zinc. Excess intake of zinc may come
from overuse of zinc supplements for a long period (e.g., several months or longer) [69–79],
high-dose one-time zinc administration for Wilson’s disease [80], use of denture cream
(some have zinc concentrations ranging from approximately 17,000 to 34,000 µg/g) [81–83],
or ingestion of coins (mostly by individuals with mental illness; coins are composed of 98%
zinc and 2% copper) [70,84].
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6.2. High Zinc Levels Induce Copper Deficiency

Zinc is relatively harmless, and many of its toxic effects are due to copper deficiency.
There have been several reviews on copper deficiency induced by excess intake of zinc,
resulting in anemia and other types of cytopenia [14,85,86]. The syndrome is characterized
by anemia, granulocytopenia, and bone marrow findings of vacuolated precursors and
ringed sideroblasts. Serum analysis reveals increased zinc levels, decreased copper levels,
and a decrease in ceruloplasmin [72].

The mechanism by which high zinc levels induce copper deficiency is based on the
assumption that zinc and copper have similar chemical properties and will compete to
bind metallothionein. It is suggested that high zinc induces metallothionein formation and
that copper is preferentially bound by metallothionein. The transfer of copper bound to
metallothionein across the basolateral membrane is blocked, and the copper is subsequently
excreted. This process results in copper deficiency [86–90]. However, several studies have
shown that another mechanism may be involved. Reeves et al. [91] found that when rats
were fed high-zinc diets for two weeks, the metallothionein concentration in intestinal
epithelial cells increased, but the copper concentration decreased. This result suggested
that intestinal metallothionein induced by high zinc did not bind to copper. Rather than
copper being bound by the high zinc-induced mucosal metallothionein, it is more likely
that the high zinc in the intestinal lumen directly interfered with the transport of copper
across the mucosal cells [91–93].

6.3. High Zinc Levels May Induce Iron Deficiency

Some reports have shown that excess zinc not only induces copper deficiency but
also induce iron deficiency. To study the effects of excess zinc on anemia, Hachisuka and
coworkers [94] recently fed a diet with excess zinc to Sprague–Dawley rats for 6 weeks and
compared those animals with rats fed a standard diet. In the zinc excess group, microcytic
hypochromic anemia was found with a significant increase in serum zinc and a decrease
in serum copper and iron levels. The results showed that excess zinc resulted in not only
copper deficiency but also iron deficiency. Previously, Yanagisawa et al. [95] fed rats a
standard or high-zinc diet (2000 mg/kg) for 20 weeks and showed that the high-zinc
diet resulted in a significant decrease in hemoglobin and hematocrit levels. Microcytic
hypochromic anemia characterized by iron deficiency was also found. Thus, a high-zinc
diet (2000 mg/kg) for 20 weeks may cause iron-deficiency anemia in rats.

6.4. Mechanism of Anemia Caused by Copper Deficiency

The exact mechanism of anemia caused by copper deficiency is not clear; however, sev-
eral reports have shown that copper is essential for normal hematopoiesis. Peled et al. [96]
found that under reduced copper conditions, hematopoietic stem and progenitor cell dif-
ferentiation was delayed, resulting in extended active cell proliferation. However, under
elevated copper conditions, differentiation was accelerated, resulting in a shorter phase of
cell proliferation. The role of copper in heme synthesis has been well reviewed, and the lack
of copper may result in ineffective erythropoiesis [97]. In mammals, four cuproenzymes are
referred to as multicopper oxidases, which have iron oxidase activity (ferroxidase) [98]. The
mammalian multicopper ferroxidases include ceruloplasmin, hephaestin and zyklopens
that are essential for body iron homeostasis. These enzymes function to ensure the efficient
oxidation of iron so that it can be effectively released from tissues to the iron carrier protein
transferrin in the blood [99]. Copper deficiency is known to result in the impairment of
ferroxidase enzymes, which causes impaired hemoglobin synthesis [97,99].

The syndrome of anemia due to excess zinc-induced copper deficiency could be
revealed by simple serum copper-and-zinc-level tests. Discontinuation of zinc supplements
and oral copper administration can reverse the symptoms [69,72,79,97,100].
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6.5. Summary of Excess Intake of Zinc Leading to Anemia

Excess intake of zinc is rare. However, there are case reports on anemia induced by
long-term, high-dose intake of oral zinc, as shown in Table 2. Excess intake of zinc interferes
with the uptake of copper and results in copper deficiency, which leads to anemia.

Table 2. Excess intake of zinc leads to anemia.

1. Type of excess intake References

a. Excess and prolonged intake of oral zinc supplement [69–79]
b. High-dose one-time zinc administration (for Wilson’s disease) [80]
c. Use of denture cream (containing a high zinc concentration of
17,000–34,000 (µg/g) [81–83]

d. Ingestion of coins (by individual with mental disease) [70,84]

2. High zinc levels induce copper deficiency

(High zinc induces metallothionein, zinc and copper compete to bind
metallothionein, and copper is preferentially bound by metallothionein) [14,72,85–90]

(another suggested mechanism is that high zinc in the intestinal lumen
directly interfered with the transport of copper across the mucosal cells) [91–93]

3. Mechanism of copper deficiency leads to anemia

(Copper is essential for normal hematopoiesis) [74,96,97]

7. Anemia Leads to Abnormal Blood–Zinc Levels in the Body
7.1. High Prevalence of Anemia and Abnormal Blood–Zinc Levels in CKD Patients

Anemia of chronic disease is the second most prevalent type after anemia caused by
iron deficiency [101]. Among people with chronic diseases, people with CKD have a high
prevalence of anemia [23]. It has been shown that 64% and 78% of individuals who suffer
from CKD have low serum or plasma zinc levels, respectively [102,103]. As early as 1950,
the fact that most CKD patients had plasma–zinc levels lower than those of healthy control
subjects was recognized [104,105]. This observation has continued to be reported [106–111]
and was reviewed by Mahajan et al. [112] and Kimmel et al. [113]. A systematic review
and meta-analysis of research from 1966 to April 2008 on trace elements in hemodialysis
patients showed that hemodialysis patients appear to have lower levels of zinc than the
general population (reviewed by Tonelli et al. [114]). Another review by Neto et al. [115]
showed a similar conclusion that lower zinc levels are observed in end-stage renal disease
patients on hemodialysis.

Hemodialysis is the most common method of removing uremic toxins from patients
with end-stage renal disease. Although the semipermeable membrane may remove ure-
mic toxins from the blood, it may also deplete trace elements, such as zinc. During the
hemodialysis process, an abundance of zinc may be excreted. The dialysis process has been
speculated to be one of the reasons why CKD patients have lower plasma zinc levels [114].
Other suggested causes of the low plasma zinc levels in CKD patients are dietary restric-
tions for CKD patients limiting the available zinc in foods and decreased dietary uptake of
zinc by the gastrointestinal tract of the patient (reviewed by Neto et al. [115]).

Although only 1% of the total body zinc is present in circulating blood, the plasma–
zinc level is the most commonly used index for evaluating individuals and populations at
risk of zinc deficiency [116,117]. Because most patients with CKD have lower plasma–zinc
levels, it is thought that zinc deficiency might be the cause.

Mahajan et al. [106] showed that although CKD patients have lower plasma zinc levels
than healthy people, erythrocyte zinc levels were higher than those of controls regardless
of whether they were on maintenance hemodialysis. Higher erythrocyte zinc levels in CKD
patients than in healthy people have also been reported in other articles [108–111,118,119].
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Some possible causes for the high erythrocyte zinc levels in CKD patients that have been
suggested are abnormal shifts as a result of chronic uremic acidosis [105], ineffective
erythropoiesis [106], and an increase in carbonic anhydrase I and II [120,121].

The abnormal blood–zinc levels in CKD patients with anemia have been puzzling to
investigators [121,122]. On the one hand, the lower plasma–zinc levels in CKD patients
indicate possible zinc deficiency in the patients; on the other hand, higher erythrocyte zinc
levels show that the patients may not have a zinc deficiency because the erythrocyte zinc
level has been reported to be low in patients with dietary zinc deficiency [123].

7.2. Animal Model Studies Indicate That Abnormal Blood–Zinc Levels Might Be the Result of
Anemia

Condon and Freeman [105] first proposed that the lower plasma–zinc levels in CKD
patients may be derived from the redistribution of zinc in the body of the patients rather
than total body zinc deficiency. It was suggested that the movement of zinc from plasma to
tissue must occur.

To determine whether the abnormal blood–zinc levels in CKD patients with anemia
are caused by zinc deficiency or the redistribution of zinc in the body, Chen et al. [64]
recently compared zinc levels in the blood of anemic CKD patients and normal patients
and among anemic and normal mice and rats.

Patients on hemodialysis (n = 127) had serious kidney disease and anemia. They also
had plasma–zinc levels (0.49 ± 0.18 µg/mL plasma) that were significantly lower than those
in healthy people (0.98 ± 0.15 µg/mL plasma) (n = 21) (p < 0.0001). In contrast, the patients
on hemodialysis had significantly higher erythrocyte zinc levels (0.72 ± 0.18 µg/109 RBCs)
than those of the healthy control group (0.63 ± 0.06 µg/109 RBCs) (p = 0.0208).

Five-sixth nephrectomized rats mimic the progression of renal failure after the loss of renal
mass in humans and have been a widely used experimental model of CKD [124–126]. Chen
et al. [64] generated 5/6 nephrectomized rats and fed them a normal diet. Twenty-five days
after surgery, the 5/6 nephrectomized rats had significantly lower RBC counts and hematocrit
levels than normal rats, and they had severe kidney disease. In the 5/6 nephrectomized
anemic rats, the plasma zinc level was significantly lower and the erythrocyte zinc level was
significantly higher than those in the normal rats. The changes in the blood–zinc levels in the
5/6 nephrectomized anemic rats compared to normal rats were similar to the changes in the
CKD patients compared to healthy people.

Phenylhydrazine administration has been used to generate anemic rats or mice [127].
In this model, phenylhydrazine causes oxidative denaturation or hemolysis of RBCs [128],
but the kidneys are not impaired. Chen et al. [64] injected mice with different amounts of
phenylhydrazine and fed them a normal diet. After 2 days, the mice became anemic, and
the larger the amount of phenylhydrazine injected was, the lower the RBC count in the
mice. Furthermore, the lower the RBC count was, the lower the plasma–zinc level and the
higher the erythrocyte zinc level in anemic mice. The duration of the mouse experiment
involving phenylhydrazine was only 2 days, and the mice were fed a normal diet; therefore,
there was no zinc deficiency in the mice.

The assumption that lower plasma zinc levels in CKD patients arise from zinc excretion
during dialysis, dietary restrictions, or lower dietary absorption of zinc may be applicable to
humans, but it does not explain the lower plasma zinc levels in 5/6 nephrectomized anemic
rats and phenylhydrazine-treated anemic mice. During the experiments, the 5/6 nephrec-
tomized anemic rats and phenylhydrazine-treated anemic mice were fed a diet with a normal
amount of zinc and did not undergo dialysis. The cause of the plasma zinc decrease in the
rats or mice was not zinc deficiency or kidney impairment and was most likely anemia. It is
very likely that the abnormal blood–zinc level is the result of anemia.

7.3. In Anemia, Zinc Is Redistributed in the Body

To determine whether zinc is redistributed during anemia, Chen et al. [64] measured
zinc levels in different tissues of phenylhydrazine-treated rats before and after treatment.
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Two days after the treatment, the rats were anemic. The zinc levels in soft tissues, including
the heart, lungs, thymus, gastrointestinal tract, liver, spleen, kidneys, testes and muscles,
remained unchanged before and after the treatment. However, zinc levels in the plasma
and bones of phenylhydrazine-treated anemic rats were significantly lower than those
before anemia. Several reports [129–132] indicated that in severely zinc-deficient rats, zinc
concentrations were mostly maintained in the muscles, spleen, thymus, liver, kidneys,
testes and intestines but were markedly reduced in the bones and plasma. King [133]
showed that there is a small pool of zinc with rapid turnover that is located in the bones,
liver, and plasma. Chen et al. [64] showed that in anemia, zinc is redistributed. It was
further found that the recruited zinc (partly from plasma and mostly from bones) was sent
to the bone marrow to produce new red blood cells (reticulocytes). Reticulocytes have a
seven-fold higher zinc level than mature erythrocytes. Because zinc is recruited in anemia,
the plasma–zinc level decreases; since reticulocytes have much higher zinc levels than
mature erythrocytes, in anemia, the erythrocyte zinc level increases.

7.4. Lower Plasma Zinc Levels in CKD Patients Could Be a Consequence of Anemia

Based on the above animal model study, the lower plasma–zinc levels in CKD patients
could be a consequence of anemia. It is very likely that although zinc deficiency could
contribute to anemia, anemia itself could contribute to abnormal blood–zinc levels, as
shown in Table 3. In CKD patients, zinc deficiency may contribute to anemia, and anemia
might also contribute to abnormal blood–zinc status.

Table 3. Anemia leads to abnormal blood zinc levels in bodies.

1. Blood zinc status in healthy people (controls) and CKD patients

(1) Plasma zinc levels Controls CKD patients p value Reference

(µg/mL plasma) a. 1.07 ± 4 (n = 11) 0.82 ± 0.04 (n = 10) <0.01 [105]
b. 1.016 ± 0.022(n = 50) 0.80 ± 0.03 (n = 10) <0.001 [106]
c. 1.14 ± 0.11 (n = 25) 0.95 ± 0.10 (n = 26) <0.001 [109]
d. 1.105 ± 0.175(n= 152) 0.705 ± 0.128 (n = 456) <0.0001 [103]
e. 0.93 ± 0.12 (n = 20) 0.81 ± 0.19 (n = 30) <0.05 [110]
f. 0.98 ± 0.15 (n = 11) 0.49 ± 0.18 (n = 127) <0.0001 [64]

—–Lower plasma zinc levels in CKD patients—–

(2) Erythrocyte zinc levels

(µg/g Hb) a. 44.1 ± 1.1 (n = 50) 55.0 ± 2.0 (n = 10) <0.001 [106]
b. 41.8 ± 63.0 (n = 20) 51.3 ± 10.3 (n = 30) <0.05 [110]

(µmoles/L) c. 148 ± 13 (n = 10) 198 ± 8 (n = 10) <0.05 [108]
(mg/L) d. 12.1 ± 1.2 (n = 25) 13.4 ± 3.1 (n = 26) <0.001 [109]

(µg/109 RBC) e. 0.63 ± 0.06 (n = 21) 0.72 ± 0.18 (n = 127) <0.05 [64]
—–Higher erythrocyte zinc levels in CKD patients—–

2. Blood zinc status in normal (controls) and anemic rats

(1) Plasma zinc levels (µg/mL
plasma) Controls Anemic rats p value Reference

a. 5/6 nephrectomized anemic rats
1.90 ± 0.3 (n = 6) 1.40 ± 0.2 (n = 6) <0.05 [64]

b. Phenylhydrazine induced anemic rats
1.45 ± 0.06 (n = 6) 1.29 ± 0.03(n = 6) <0.001 [64]

—–Lower plasma zinc levels in anemic rats—–
(2) Erythrocyte zinc levels (µg/109 RBC)
a. 5/6 nephrectomized anemic rats

0.50 ± 0.08 (n = 6) 0.90 ± 0.01 (n = 6) <0.001 [64]
b. Phenylhydrazine induced anemic rats

0.70 ± 0.21 (n = 6) 0.86 ± 0.10 (n = 6) <0.01 [64]
—–Higher erythrocyte zinc levels in anemic rats—–

3. Animal model studies indicate that in anemia, zinc is redistributed from the plasma (causing the plasma zinc level to decrease) and from bones to the bone
marrow to produce new red blood cells (reticulocytes) which have ~7 fold higher erythrocyte zinc levels (causing the erythrocyte zinc level to increase) [64]

7.5. Summary of Anemia Leading to Abnormal Blood–Zinc Levels in the Body

People with CKD have a high prevalence of anemia, and they always have lower
plasma–zinc levels but higher erythrocyte zinc levels than those of members of the general
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population. It was thought that zinc deficiency might be the cause of anemia in CKD
patients. However, animal model studies indicate that anemia leads to abnormal blood–
zinc status in the body, as shown in Table 3.

8. Supplementation of Zinc in Anemia

In many pregnant women and infants suffering from anemia, several reports indicate
that zinc supplementation combined with iron therapy can increase hemoglobin levels and
improve iron indexes more than iron alone [134–141]. In addition, zinc deficiency is known
to be associated with various risk factors for cardiovascular disease. It has been reported
that zinc supplementation may help to ameliorate cardiovascular disease risk factors in
CKD patients [142].

For CKD patients, in a recent study of 582 hemodialysis patients, 53.6% of CKD
patients had a zinc-deficient intake [143]. Many zinc supplementation studies have been
performed and reviewed [114,144,145]. Wang et al. [145] performed a meta-analysis after
a qualitative synthesis of 15 studies published between 1995 and 2015 from different
countries. The mean age of the participants ranged from 13 to 80 years with dialysis
for at least 3 months. The elemental zinc doses ranged from 11 to 100 mg per day, and
the study duration ranged from 40 to 360 days. The levels of serum zinc and dietary
protein intake in the zinc supplementation group were higher than those in the control
group after treatment. There was a time–effect but not a dose–effect relationship with zinc
supplementation. However, the National Kidney Foundation KDOQI (Kidney Disease
Outcome Quality Initiative) clinical practice guideline 2020 suggested that ‘in adults with
CKD 1-5D, we suggest to not routinely supplement zinc since there is little evidence that
it improves nutritional, inflammatory, or micronutrient status’ [146]. It seems that more
studies are needed to recommend how much zinc should be supplemented and how long
zinc should be taken.

Concerning the abnormality of zinc levels in CKD patients, several points need to
be considered: (1) the anemia in CKD patients may result from zinc deficiency; (2) the
lower plasma zinc level in CKD patients may be the consequence of anemia; and (3) the
lower plasma zinc may be due to a combination of the above two factors. To normalize
the zinc level in CKD patients, it seems that treating anemia and avoiding zinc deficiency
should be combined. Fukushima et al. [147] treated CKD patients with recombinant
human EPO and supplemented them with oral polaprezinc (beta-alanyl-L-histidinato zinc,
34 mg elemental zinc/day) for 12 months. It was found that the recombinant human EPO
needed to maintain a normal hemoglobin level (12 g/dL) significantly decreased 3 months
after zinc supplementation, which continued until the end of the trial (12 months). The
serum zinc concentration increased significantly from <70 µg/dL to the normal range
(80–120 µg/dL) at 1 month and was maintained within the normal range for 1 year. No
zinc poisoning from therapy was observed. Kobayashi et al. [148] investigated the effects
of zinc supplementation (oral polaprezinc, 34 mg elemental zinc/day for 12 months) on
changes in the EPO responsiveness index (weekly erythropoiesis-stimulating agent dose
(units)/dry weight (kg)/hemoglobin (g/dL)). The need for an erythropoiesis-stimulating
agent (recombinant human EPO) was reduced after 10–12 months, and the serum zinc level
increased 3 months after zinc supplementation, which continued until the end of the trial
(12 months). Because abnormal zinc levels may also be the consequence of anemia, it may
be necessary to examine zinc status in CKD patients and to provide zinc supplementation
if necessary.

The use of 5/6 nephrectomized rats as a model for anemia related to CKD showed that
zinc supplementation could relieve anemia by inducing new red blood cell formation through
another pathway, namely, zinc-induced erythropoiesis [63]. Further research on using zinc
supplementation as an inexpensive and reliable treatment to correct anemia in CKD patients
and at the same time to normalize zinc levels in blood remains to be performed.
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9. Conclusions

1. The present review shows that zinc is highly associated with anemia, as shown in
Figure 1. In humans at most ages, a significant proportion of cases of zinc defi-
ciency coexist with iron deficiency, which might be the major cause of zinc deficiency
contributing to anemia. Serum zinc levels should be evaluated in iron-deficient ane-
mia patients, and combined iron and zinc supplementation should be considered
if necessary.
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Figure 1. Association of zinc with anemia. Inadequate zinc status (zinc deficiency or zinc excess)
could have effects on anemia; at the same time, anemia could render abnormal zinc status in the body.

2. For adults or those who have chronic diseases, zinc deficiency might contribute
to anemia; at the same time, anemia might render abnormal zinc status. It may be
necessary to examine zinc status in CKD patients and to provide zinc supplementation
if necessary.
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3. The possibility of using zinc compounds as an erythrocyte stimulating agent is high,
and further research is needed.

4. The involvement of zinc in anemia is complex, and the interplay of zinc with other
factors or diseases in anemia deserves much more attention.
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102. Dvornik, Š.; Ćuk, M.; Rački, S.; Zaputović, L. Serum zinc concentrations in the maintenance hemodialysis patients. Coll. Antropol.

2006, 30, 125–129. [PubMed]
103. Lee, S.H.; Huang, J.W.; Hung, K.Y.; Leu, L.J.; Kan, Y.T.; Yang, C.S.; Huang, C.L.; Chen, P.Y.; Chen, J.S.; Chen, W.Y. Trace Metals’

abnormalities in hemodialysis patients: Relationship with medications. Artif. Organs 2000, 24, 841–844. [CrossRef]
104. Vikbladh, I. Studies on zinc in blood. Scand. J. Clin. Lab. Investig. 1950, 2, 143–148. [CrossRef]
105. Condon, C.J.; Freeman, R.M. Zinc metabolism in renal failure. Ann. Intern. Med. 1970, 73, 531–536. [CrossRef]
106. Mahajan, S.; Gardiner, W.; Abbasi, A.; Briggs, W.; Prasad, A.; McDonald, F. Abnormal plasma and erythrocyte zinc distribution in

uremia. ASAIO J. 1978, 24, 50–54.
107. Mahajan, S.; Prasad, A.; Rabbani, P.; Briggs, W.; McDonald, F. Zinc metabolism in uremia. J. Lab. Clin. Med. 1979, 94, 693–698.

[CrossRef]
108. Beerbower, K.S.; Raess, B.U. Erythrocyte, plasma, urine and dialysate zinc levels in patients on continuous ambulatory peritoneal

dialysis. Am. J. Clin. Nutr. 1985, 41, 697–702. [CrossRef] [PubMed]
109. Lin, T.; Chen, J.; Liaw, J.; Juang, J. Trace elements and lipid peroxidation in uremic patients on hemodialysis. Biol. Trace Elem. Res.

1996, 51, 277–283. [CrossRef] [PubMed]
110. Mafra, D.; Cuppari, L.; Fávaro, D.I.; Cozzolino, S.M. Zinc levels after iron supplementation in patients with chronic kidney

disease. J. Ren. Nutr. 2004, 14, 164–169. [CrossRef]
111. Batista, M.N.; Cuppari, L.; Pedrosa, L.d.F.C.; Almeida, M.d.G.; De Almeida, J.B.; de Medeiros, A.C.Q.; Canziani, M.E.F. Effect of

end-stage renal disease and diabetes on zinc and copper status. Biol. Trace Elem. Res. 2006, 112, 1–12. [CrossRef]
112. Mahajan, S.K. Zinc in kidney disease. J. Am. Coll. Nutr. 1989, 8, 296–304. [CrossRef]
113. Kimmel, P.L. Zinc and chronic renal disease. In Seminars in Dialysis; 1989; Volume 2, pp. 253–259.
114. Tonelli, M.; Wiebe, N.; Hemmelgarn, B.; Klarenbach, S.; Field, C.; Manns, B.; Thadhani, R.; Gill, J. Trace elements in hemodialysis

patients: A systematic review and meta-analysis. BMC Med. 2009, 7, 25. [CrossRef] [PubMed]

http://doi.org/10.1038/sj.bdj.2011.428
http://www.ncbi.nlm.nih.gov/pubmed/21660014
http://doi.org/10.1016/j.clinbiochem.2017.03.005
http://www.ncbi.nlm.nih.gov/pubmed/28288851
http://doi.org/10.5811/cpcem.2019.7.43697
http://www.ncbi.nlm.nih.gov/pubmed/31763583
http://doi.org/10.1248/cpb.22.55
http://doi.org/10.1093/jn/113.2.462
http://doi.org/10.1093/jn/115.2.159
http://doi.org/10.1079/PNS19950017
http://doi.org/10.1016/S0271-5317(05)80791-2
http://doi.org/10.1007/BF03032677
http://doi.org/10.1016/0955-2863(95)00179-4
http://doi.org/10.1016/j.toxlet.2009.07.024
http://doi.org/10.1046/j.0007-1048.2001.03316.x
http://doi.org/10.1007/s00277-018-3407-5
http://doi.org/10.3945/an.110.000208
http://doi.org/10.1007/s10534-022-00370-z
http://www.ncbi.nlm.nih.gov/pubmed/35167013
http://doi.org/10.1111/j.1600-0609.2008.01050.x
http://www.ncbi.nlm.nih.gov/pubmed/18284630
http://doi.org/10.1056/NEJMra041809
http://www.ncbi.nlm.nih.gov/pubmed/15758012
http://www.ncbi.nlm.nih.gov/pubmed/16617586
http://doi.org/10.1046/j.1525-1594.2000.06352.x
http://doi.org/10.3109/00365515009051850
http://doi.org/10.7326/0003-4819-73-4-531
http://doi.org/10.1177/039139888801100402
http://doi.org/10.1093/ajcn/41.4.697
http://www.ncbi.nlm.nih.gov/pubmed/3984923
http://doi.org/10.1007/BF02784082
http://www.ncbi.nlm.nih.gov/pubmed/8727675
http://doi.org/10.1053/j.jrn.2004.04.006
http://doi.org/10.1385/BTER:112:1:1
http://doi.org/10.1080/07315724.1989.10720305
http://doi.org/10.1186/1741-7015-7-25
http://www.ncbi.nlm.nih.gov/pubmed/19454005


Nutrients 2022, 14, 4918 17 of 18

115. Neto, L.; Bacci, M.; Sverzutt, L.; Costa, M.; Alves, B.; Fonseca, F. The role of zinc in chronic kidney disease patients on hemodialysis:
A systematic review. Health 2016, 8, 344. [CrossRef]

116. Lowe, N.M.; Fekete, K.; Decsi, T. Methods of assessment of zinc status in humans: A systematic review. Am. J. Clin. Nutr. 2009,
89, 2040S–2051S. [CrossRef]

117. King, J.C.; Brown, K.H.; Gibson, R.S.; Krebs, N.F.; Lowe, N.M.; Siekmann, J.H.; Raiten, D.J. Biomarkers of Nutrition for
Development (BOND)—Zinc review. J. Nutr. 2015, 146, 858S–885S. [CrossRef] [PubMed]

118. Piechota, W.; Dobrucki, T.; Symonowicz, N.; Wadowska, E.; Murkowska, E. Zinc in patients with chronic renal failure. Int. Urol.
Nephrol. 1983, 15, 377–382. [CrossRef]

119. Nasima, A.; Raghib, A.; Abdul, W.; Mostafa, C.; Sakhi, C.; Hai, M. Relationship between zinc and anaemia in chronic haemodialysis
patients. J. Teach. Assoc. RMC 2003, 16, 1019–8555.

120. Goriki, K. The relationship between carbonic anhydrases and zinc concentration of erythrocytes in patients under chronic
hemodialysis. Hiroshima J. Med. Sci. 1982, 31, 123–127.

121. Mafra, D.; Cozzolino, S.M. Erythrocyte zinc and carbonic anhydrase levels in nondialyzed chronic kidney disease patients. Clin.
Biochem. 2004, 37, 67–71. [CrossRef]

122. Mafra, D.; Cuppari, L.; Cozzolino, S.M. Iron and zinc status of patients with chronic renal failure who are not on dialysis. J. Ren.
Nutr. 2002, 12, 38–41. [CrossRef]

123. Mahajan, S.K. Zinc metabolism in uremia. Int. J. Artif. Organs 1988, 11, 223–228. [CrossRef]
124. Anagnostou, A.; Vercellotti, G.; Barone, J.; Fried, W. Factors which affect erythropoiesis in partially nephrectomized and

sham-operated rats. Blood 1976, 48, 425–433. [CrossRef] [PubMed]
125. Mason, C.; Thomas, T. A model for erythropoiesis in experimental chronic renal failure. Br. J. Haematol. 1984, 58, 729–740.

[CrossRef] [PubMed]
126. Yang, H.C.; Zuo, Y.; Fogo, A.B. Models of chronic kidney disease. Drug Discov. Today Dis. Model. 2010, 7, 13–19. [CrossRef]

[PubMed]
127. Flanagan, J.P.; Lessler, M.A. Controlled phenylhydrazine-induced reticulocytosis in the rat. Ohio J. Sci. 1970, 75, 300.
128. Berger, J. Phenylhydrazine haematotoxicity. J. Appl. Biomed. 2007, 5, 125–130. [CrossRef]
129. Giugliano, R.; Millward, D. Growth and zinc homeostasis in the severely Zn-deficient rat. Br. J. Nutr. 1984, 52, 545–560. [CrossRef]
130. Harland, B.; Fox, M.S.; Fry, B.E., Jr. Protection against zinc deficiency by prior excess dietary zinc in young Japanese quail. J. Nutr.

1975, 105, 1509–1518. [CrossRef]
131. Brown, E.D.; Chan, W.; Smith, J.C., Jr. Bone Mineralization During a Developing Zinc Deficiency. Proc. Soc. Exp. Biol. Med. 1978,

157, 211–214. [CrossRef]
132. Zhou, J.R.; Canar, M.M.; Erdman, J.W., Jr. Bone zinc is poorly released in young, growing rats fed marginally zinc-restricted diet.

J. Nutr. 1993, 123, 1383–1388. [PubMed]
133. King, J.C. Assessment of zinc status. J. Nutr. 1990, 120 (Suppl. S11), 1474–1479. [CrossRef]
134. Kolsteren, P.; Rahman, S.; Hilberbrand, K.; Dintz, A. Treatment for iron deficiency anaemia with a combined supplementation of

iron, vitamin A and zinc in women of Dinajpur, Bangladesh. Eur. J. Clin. Nutr. 1999, 53, 102–106. [CrossRef] [PubMed]
135. Alarcon, K.; Kolsteren, P.W.; Prada, A.M.; Chian, A.M.; Velarde, R.E.; Pecho, I.L.; Hoeree, T.F. Effects of separate delivery of zinc

or zinc and vitamin A on hemoglobin response, growth, and diarrhea in young Peruvian children receiving iron therapy for
anemia. Am. J. Clin. Nutr. 2004, 80, 1276–1282. [CrossRef]

136. Mahmoudian, A.; Khademlou, M. The effect of simultaneous administration of zinc sulfate and ferrous sulfate in the treatment of
anemic pregnant women. J. Res. Med. Sci. 2005, 10, 205–209.

137. Walker, C.F.; Kordas, K.; Stoltzfus, R.J.; Black, R.E. Interactive effects of iron and zinc on biochemical and functional outcomes in
supplementation trials–. Am. J. Clin. Nutr. 2005, 82, 5–12. [CrossRef]

138. Berger, J.; Ninh, N.; Khan, N.; Nhien, N.; Lien, D.; Trung, N.; Khoi, H. Efficacy of combined iron and zinc supplementation on
micronutrient status and growth in Vietnamese infants. Eur. J. Clin. Nutr. 2006, 60, 443–454. [CrossRef]

139. Yalda, M.A.; Ibrahiem, A.A. The effect of combined supplementation of iron and zinc versus iron alone on anemic pregnant
patients in Dohuk. Jordan Med. J. 2010, 44, 9–16.

140. Chen, L.; Liu, Y.F.; Gong, M.; Jiang, W.; Fan, Z.; Qu, P.; Chen, J.; Liu, Y.X.; Li, T.Y. Effects of vitamin A, vitamin A plus zinc, and
multiple micronutrients on anemia in preschool children in Chongqing, China. Asia Pac. J. Clin. Nutr. 2012, 21, 3–11. [PubMed]

141. Mujica-Coopman, M.F.; Borja, A.; Pizarro, F.; Olivares, M. Effect of daily supplementation with iron and zinc on iron status of
childbearing age women. Biol. Trace Elem. Res. 2015, 165, 10–17. [CrossRef] [PubMed]

142. Nakatani, S.; Mori, K.; Shoji, T.; Emoto, M. Association of Zinc Deficiency with Development of CVD Events in Patients with
CKD. Nutrients 2021, 13, 1680. [CrossRef] [PubMed]

143. Garagarza, C.; Valente, A.; Caetano, C.; Ramos, I.; Sebastião, J.; Pinto, M.; Oliveira, T.; Ferreira, A.; Guerreiro, C.S. Zinc Deficient
Intake in Hemodialysis Patients: A Path to a High Mortality Risk. J. Ren. Nutr. 2022, 32, 87–93. [CrossRef] [PubMed]

144. Mafra, D. Can Outcomes be Improved in Dialysis Patients by Optimizing Trace Mineral, Micronutrient, and Antioxidant Status?:
The Role of Trace Elements. Semin. Dial. 2015, 29, 48–50. [CrossRef] [PubMed]

145. Wang, L.J.; Wang, M.Q.; Hu, R.; Yang, Y.; Huang, Y.S.; Xian, S.X.; Lu, L. Effect of zinc supplementation on maintenance
hemodialysis patients: A systematic review and meta-analysis of 15 randomized controlled trials. BioMed Res. Int. 2017, 1024769.
[CrossRef] [PubMed]

http://doi.org/10.4236/health.2016.84036
http://doi.org/10.3945/ajcn.2009.27230G
http://doi.org/10.3945/jn.115.220079
http://www.ncbi.nlm.nih.gov/pubmed/26962190
http://doi.org/10.1007/BF02082558
http://doi.org/10.1016/j.clinbiochem.2003.03.001
http://doi.org/10.1053/jren.2002.29597
http://doi.org/10.1177/039139888801100402
http://doi.org/10.1182/blood.V48.3.425.425
http://www.ncbi.nlm.nih.gov/pubmed/953364
http://doi.org/10.1111/j.1365-2141.1984.tb06120.x
http://www.ncbi.nlm.nih.gov/pubmed/6518138
http://doi.org/10.1016/j.ddmod.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/21286234
http://doi.org/10.32725/jab.2007.017
http://doi.org/10.1079/BJN19840122
http://doi.org/10.1093/jn/105.12.1509
http://doi.org/10.3181/00379727-157-40023
http://www.ncbi.nlm.nih.gov/pubmed/8336208
http://doi.org/10.1093/jn/120.suppl_11.1474
http://doi.org/10.1038/sj.ejcn.1600684
http://www.ncbi.nlm.nih.gov/pubmed/10099942
http://doi.org/10.1093/ajcn/80.5.1276
http://doi.org/10.1093/ajcn/82.1.5
http://doi.org/10.1038/sj.ejcn.1602336
http://www.ncbi.nlm.nih.gov/pubmed/22374555
http://doi.org/10.1007/s12011-014-0226-y
http://www.ncbi.nlm.nih.gov/pubmed/25582309
http://doi.org/10.3390/nu13051680
http://www.ncbi.nlm.nih.gov/pubmed/34063377
http://doi.org/10.1053/j.jrn.2021.06.012
http://www.ncbi.nlm.nih.gov/pubmed/34452812
http://doi.org/10.1111/sdi.12444
http://www.ncbi.nlm.nih.gov/pubmed/26384706
http://doi.org/10.1155/2017/1024769
http://www.ncbi.nlm.nih.gov/pubmed/29457023


Nutrients 2022, 14, 4918 18 of 18

146. Ikizler, T.A.; Burrowes, J.D.; Byham-Gray, L.D.; Campbell, K.L.; Carrero, J.-J.; Chan, W.; Fouque, D.; Friedman, A.N.; Ghaddar, S.;
Goldstein-Fuchs, D.J. KDOQI clinical practice guideline for nutrition in CKD: 2020 up-date. Am. J. Kidney Dis. 2020, 76, S1–S107.
[CrossRef]

147. Fukushima, T.; Horike, H.; Fujiki, S.; Kitada, S.; Sasaki, T.; Kashihara, N. Zinc deficiency anemia and effects of zinc therapy in
maintenance hemodialysis patients. Ther. Apher. Dial. 2009, 13, 213–219. [CrossRef] [PubMed]

148. Kobayashi, H.; Abe, M.; Okada, K.; Tei, R.; Maruyama, N.; Kikuchi, F.; Higuchi, T.; Soma, M. Oral zinc supplementation reduces
the erythropoietin responsiveness index in patients on hemodialysis. Nutrients 2015, 7, 3783–3795. [CrossRef] [PubMed]

http://doi.org/10.1053/j.ajkd.2020.05.006
http://doi.org/10.1111/j.1744-9987.2009.00656.x
http://www.ncbi.nlm.nih.gov/pubmed/19527468
http://doi.org/10.3390/nu7053783
http://www.ncbi.nlm.nih.gov/pubmed/25988769

	Introduction 
	Anemia 
	Trace Elements Related to Anemia 
	Iron, Zinc, Copper, Manganese, Molybdenum, and Cobalt Are Related to Anemia 
	Iron-Deficiency Anemia 

	Association of Zinc with Anemia 
	Zinc Deficiency Contributing to Anemia 
	Zinc Deficiency Coexists with Iron-Deficiency Anemia 
	In Women of Reproductive Age 
	In Preschool-Aged Children 
	In Adults 

	Zinc and Iron Coexist in Food 
	In Anemia, Zinc Deficiency May Not Coexist with Iron Deficiency; However, It May Cooperate with Other Factors to Lead to Anemia 
	Zinc Is Essential for Erythropoiesis 
	Zinc Deficiency Alone Does Not Cause Anemia in Rats 
	Zinc Deficiency May Need to Cooperate with Other Factors to Lead to Anemia 
	Summary of the Association of Zinc Deficiency with Anemia 

	Excess Intake of Zinc Leads to Anemia 
	Types of Excess Intake 
	High Zinc Levels Induce Copper Deficiency 
	High Zinc Levels May Induce Iron Deficiency 
	Mechanism of Anemia Caused by Copper Deficiency 
	Summary of Excess Intake of Zinc Leading to Anemia 

	Anemia Leads to Abnormal Blood–Zinc Levels in the Body 
	High Prevalence of Anemia and Abnormal Blood–Zinc Levels in CKD Patients 
	Animal Model Studies Indicate That Abnormal Blood–Zinc Levels Might Be the Result of Anemia 
	In Anemia, Zinc Is Redistributed in the Body 
	Lower Plasma Zinc Levels in CKD Patients Could Be a Consequence of Anemia 
	Summary of Anemia Leading to Abnormal Blood–Zinc Levels in the Body 

	Supplementation of Zinc in Anemia 
	Conclusions 
	References

