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Editorial
Zinc is involved in a number of metabolic processes including the

synthesis and action of insulin [1,2]. The primary inhibitor of zinc
absorption is phytic acid (PA), which forms poorly soluble complexes
with zinc and other minerals in the gastrointestinal tract, resulting in
their reduced absorption [3]. The inhibitory effect of PA can be
estimated by the molar ratio of PA to zinc in the diet, and WHO has
identified 3 grades (low, moderate, high) of zinc bioavailability based
on the dietary PA:Zn molar ratio [4]. PA is abundant in unrefined
cereals, pulses, and whole grains [5]. Pulses and cereals are major
sources of zinc in many populations, and the co-existence of PA and
zinc in these staple foods explains much of the association between
suboptimal zinc status and plant-based diets. Unrefined pulses, cereals,
and whole grains are, in addition, important food sources of dietary
fibre. The consumption of a diet that is rich in dietary fibre is
recommended as part of healthy eating guidelines and in the dietary
management of chronic diseases such as cardiovascular disease and
Type 2 diabetes mellitus (DM). Dietary fibre has been shown to
decrease plasma cholesterol concentrations and improve glycaemic
control [6], and moderate obesity by altering energy expenditure and
substrate oxidation [7]. Whilst these outcomes are advantageous in
maintaining health and managing disease risk, the presence of PA in
fibre-rich foods is likely to lower the bioavailability of zinc in
populations that are already at risk of zinc deficiency. The importance
of zinc in numerous biological processes and the significant
contribution of zinc to the global burden of disease suggest that it
warrants special attention when evaluating the nutritional adequacy of
therapeutic diets.

Plant-based diets and zinc status
Plant-based diets contain less saturated fat and cholesterol, and

more fibre, folate, and phytochemicals than omnivorous diets;
however as alluded to above, zinc is poorly bioavailable when sourced
from plant foods. We investigated the effects of plant-based diets on
zinc status and showed that dietary zinc intakes and serum zinc
concentrations were significantly lower in populations that followed
habitual vegetarian diets compared to non-vegetarians. Secondary
analyses revealed greater impact of vegetarian diets on the zinc status
of females, vegetarians from low- and middle-income countries
(LMIC), and vegans [8,9]. Although not all vegetarian diets impact
zinc status to the same extent, populations that habitually consume
vegetarian diets with high PA:Zn molar ratios have a requirement for
dietary zinc that is substantially greater than the amount
recommended for omnivores.

Methods of food preparation or processing, such as fermentation,
soaking and germination, are effective in reducing the impact of PA

but these strategies appear to be adopted less commonly in western
countries [10]. In addition, an increase in the availability of zinc-
fortified foods is likely to have had a positive impact on the zinc status
of some groups, highlighting the need for updated information on zinc
bioavailability from a range of diets, particularly in LMIC. Plant
breeding practices that decrease the PA content of plant foods [11]
and/or the inclusion of phytases in processed foods [12] are options
that currently are being explored in the search to maximize zinc
bioavailability.

Zinc status in Type 2 diabetes mellitus
We undertook a study to explore the relationship between PA

intake and zinc bioavailability in healthy and DM women [13].
Participants with DM consumed similar amounts of PA as healthy
women, and the “breads, cereals, rice, pasta, and noodles” food group
on average contributed 55% of the total daily PA intake. Of this, 21%
of the total PA intake derived from bread and flour products and 21%
from breakfast cereals and oat products, suggesting that a large
amount of the daily PA intake is consumed at the morning meal. The
PA contribution of vegetables and legumes was significantly different
between participant groups; women with DM obtained 26% of their
daily PA from vegetables and legumes compared to 13% in the healthy
group. Nuts and seeds contributed 21% of the total PA intake in the
healthy group and 14% in those with DM. A positive relationship was
observed between PA and dietary fibre in all participants. Based on the
WHO classifications, 25%, 43% and 33% of women consumed diets of
high, moderate and low zinc bioavailability, respectively [13]. We
concluded that a large percentage of healthy and DM women consume
PA in amounts that are likely to decrease zinc bioavailability.
Recommendations to consume greater amounts of dietary fibre, much
of which is associated with PA, increase the risk of zinc deficiency.

Zinc and glycaemic control
Zinc has the potential to affect glucose homeostasis via its role in

the synthesis and action of insulin, and hence impact the risk of DM
[2]. We undertook a meta-analysis of randomised controlled trials to
determine the effect of zinc supplementation on glucose and insulin
concentrations [14]. We observed a statistically significant reduction
in fasting glucose concentrations following zinc supplementation and,
in secondary analysis, zinc supplementation produced a greater
reduction in glucose concentrations in those with chronic disease as
compared to healthy participants. The dietary management of DM
encourages the consumption of food sources that provide dietary fibre
and PA, the latter contributing to an increased risk of zinc deficiency.
The significant reduction in glucose concentrations suggests that zinc
supplementation is a strategy to improve zinc status and contributes to
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the management of hyperglycaemia in individuals with chronic
metabolic disease.

Insulin resistance and dyslipidaemia are linked to zinc metabolism
potentially via zinc’s role in signaling pathways and other metabolic
processes [2]. Zinc homeostasis is regulated primarily by the activities
of zinc transporter families, which are responsible for cellular zinc
export (ZnT; SLC30) or influx (Zip; SLC39) [2]. We determined the
gene expression of zinc transporters in peripheral blood mononuclear
cells (PBMC) of women with DM [13]. Compared to the healthy
group, the mRNA ratio of ZnT1 (cellular zinc export) to Zip1 (cellular
zinc import) was lower in participants with DM, which may indicate
perturbed zinc homeostasis in the disorder, and potentially an increase
in zinc requirements. In addition we investigated the relationship
between measures of glycaemic control and expression of selected zinc
transporters in a 12-week zinc supplementation trial involving patients
with DM [15]. We found that fold change of Zip10 and ZnT6
predicted the change in serum glucose concentrations and insulin
resistance, respectively. Taken together with reports of increased
urinary zinc losses and lower concentrations of serum zinc in DM,
these findings again suggest that it is beneficial to enhance the status of
zinc in DM, by increasing zinc intake and/or decreasing factors that
interfere with zinc bioavailability, namely PA.

Zinc and inflammation
As part of the pathology of disease, DM exhibits impaired immune

function that ultimately contributes to decreased functional β-cell
mass. Systemic pro-inflammatory markers, such as interleukins
(IL)-1β, and IL-6, often are linked to the progression of DM and
nutrients such as zinc have been suggested to attenuate chronic
inflammation associated with DM [16]. As with glycaemia, the
mechanisms by which zinc modulates inflammation may be related to
the role of zinc in cellular signaling pathways [16]. In a recent study in
post-menopausal women with DM, we investigated the effect of zinc
supplementation on inflammatory markers [17,18]. We identified a
number of relationships among systemic inflammatory markers and
gene expression of zinc transporters and cytokines. Specifically,
systemic concentrations of IL-6 [17] and gene expression of IL-1β [18]
were related to zinc transporter gene expression. These findings are
suggestive of an attenuated immune response in DM after zinc
supplementation through increased efficiency in signaling pathways.
Inversely, the potentiation of cellular signals may be affected
undesirably by an imbalance in the diet between intakes of zinc and
inhibitors of zinc absorption, such as the large quantities of PA
associated with fibre. Figure 1 shows the potential impact of PA and
suboptimal zinc status on the management of chronic diseases.

Conclusion
The intake of foods that contain dietary fibre can influence

favourably some but not all risk factors of chronic disease. Foods that
are commonly included in therapeutic diets include legumes,
wholegrain cereals, nuts and seeds – foods that are rich sources of PA,
the most potent inhibitor of zinc absorption. Zinc deficiency is
associated with a range of chronic conditions, including DM and
cardiovascular disease. Recommendations to increase consumption of
food sources of dietary fibre therefore need to be balanced against the
need to maintain adequate zinc status. Dietary practices that increase
zinc bioavailability, the consumption of foods fortified with zinc, or
low dose zinc supplementation are strategies that should be considered
for improving zinc status [10]. In addition, new strategies are required

that will allow the degradation of PA without compromising the
benefits of dietary fibre.

Figure 1. Phytic acid and zinc bioavailability in the management of
chronic diseases. Plant-based diets and advice to consume more
dietary fibre can increase the intake of phytic acid thereby reducing
zinc bioavailability. Suboptimal zinc status negatively impacts
glycaemic control and inflammation.
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