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Cardiometabolic risk (CMR) factors increase the likelihood of developing cardiovascular diseases (CVD). In Qatar,

24% of the total deaths are attributed to CVDs. Several nutritional disturbances have been linked to high risk of

CVD. Many studies have discussed the effects of zinc (Zn) and copper (Cu) on CMR factors; however, evidence

has been controversial. This investigated the association between CMR factors and the status of Zn and Cu, in

addition to Zn/Cu ratio. A total of 575 Qatari men and women aged 18 years and older were obtained from Qatar

Biobank. Plasma levels of Zn and Cu were determined using inductively coupled plasma mass spectrometry (ICP-

MS). Anthropometric data and CMR factors were determined using standard methods. Adjusted associations

between trace minerals and CMR were estimated by logistic regression. Partial correlation was performed to test

the strength of the associations. Zn was not strongly correlated (p-value ˃ 0.01) or significantly associated with

CMR factors and metabolic syndrome (MetS). Cu levels correlated positively with body mass index (BMI) (0.23; p ˂

0.001), pulse rate (PR) (0.18; p ˂ 0.001), total cholesterol (0.13; p = 0.01), and high-density lipoproteins (HDL)

(0.27; p ˂ 0.001); and negatively with diastolic blood pressure (DBP) (−0.13; p = 0.01). High plasma Cu significantly

decreased the risk of metabolic syndrome (MetS) (0.121; p ˂ 0.001). Furthermore, Zn/Cu ratio positively correlated

with waist circumference (0.13; p = 0.01), systolic blood pressure (0.13; p ˂ 0.01), and DBP (0.14; p ˂ 0.01); and

negatively with BMI (−0.19; p ˂ 0.001), PR (−0.17; p ˂ 0.001), and HDL (−0.27; p ˂ 0.001). High Zn/Cu ratio

increased the prevalence of low HDL (4.508; p ˂ 0.001) and MetS (5.570; p ˂ 0.01). These findings suggest that

high plasma Cu levels are associated with a protective effect on DBP, HDL and MetS and that high plasma Zn/Cu

ratio is associated with the risk of having low HDL and MetS.

Qatar Biobank  zinc  copper  Zn/Cu ratio  cardiometabolic risk  metabolic syndrome

adults

1. Introduction

Cardiometabolic risk (CMR) factors increase the likelihood of developing cardiovascular events. The most notable

of these factors include, dyslipidemia , hypertension (HTN) , central obesity , diabetes , and inflammation

. Cardiovascular diseases (CVD) are the number one cause of deaths with 17.9 million (31%) deaths in 2016

worldwide . CVD are the cause for 34% of the MiddLe East population’s deaths. Moreover, CVD prevalence was

found to be 13.7% in the region . For instance, in 2016, 24% of the total deaths of all ages was attributed to CVD

in Qatar .
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Zinc (Zn) and copper (Cu) are important trace minerals in the body. Zn is a heavy metal known to suppress

inflammation by regulating cytokine expression , reducing oxidative stress by activating antioxidant enzymes,

and catalyze lipid metabolic enzymes . It is also used by muscle and fat cells to metabolize glucose

where it acts as a cofactor for many intracellular enzymes  and regulates insulin receptors’ synthesis and signal

transduction mechanism . Zn mediates its metabolic actions via the action of several Zn transporters that

regulate Zn homeostasis and control its cellular compartmentalization . For instance, hyperglycemia-mediated

overexpression of Zrt/Irt-like protein-7 (ZIP7), a Zn influx transporter, in cardiomyocytes drives the activation of the

inflammatory pathway of endoplasmic reticulum (ER) stress . ER stress has been closely associated with the

development of insulin resistance and diabetes by impeding insulin receptor signaling and dysregulating pancreatic

beta cell survival that are critical factors in the pathogenesis of diabetes . Furthermore, ZIP7 was shown to

contribute to glucose homeostasis in skeletal muscle . Skeletal muscle is an important storage site for Zn with

around 60% of total body Zn content . Deletion of ZIP7 transporter in a mouse myoblast cell line disturbed the

expression of various genes involved in glucose metabolism and insulin receptor signaling pathway .

Additionally, ZIP6 and ZIP7 transporters play a key role in regulating the secretion of insulin through the changes in

the sub-cellular localization of Zn pools . Zn is critical for the insulin storage in granules inside beta cells by

forming inactive hexamers with insulin . When the Zn/insulin hexamers reach the systemic circulation, a pH-

dependent dissociation of this complex enables the liberation of active monomeric insulin . The Zn transporter

ZnT8 is responsible for translocating Zn to pancreatic insulin granules. Genomic studies have identified that single

nucleotide polymorphisms (SNP) in ZnT8 gene produce a variant protein that is associated with higher risk of type-

2 diabetes (T2DM) . Moreover, Zn plays a role in controlling blood pressure and vascular tone modulation

through the inhibition of the transactivation ability of nuclear factor κ-light-chain-enhancer of the activated B cells

(NF-κB) resulting in the regulation of the inducible nitric oxide synthase (iNOS) activity and expression .

On the other hand, Cu is an essential cofactor for numerous antioxidant  and oxidoreductive enzymes  which

reduce atherosclerosis and inflammation, and improve cardiovascular function and fat metabolism . Cu

deficiency can contribute to oxidative damage because of the reduction in the enzymatic activity of various Cu-

dependent antioxidant enzymes such as Cu/Zn superoxide dismutase (SOD), ceruloplasmin and cytochrome c

oxidase, which play a key role in the removal of reactive oxygen species (ROS) . Hence, Cu reduces the

adverse complications of oxidative stress which play a major role in diabetes progression . Also, it contributes to

the maintenance of vascular homeostasis and the regulation of blood pressure by inhibiting angiotensin-converting

enzyme (ACE) activity, which is involved in the development of HTN . Previous animal studies have also

reported that the restriction of Cu in the diet causes cardiac disturbances and hypertension and dyslipidemias such

as high cholesterol and triglycerides (TG) in addition to an alteration in the composition of low-density lipoprotein

(LDL) and very-low density lipoprotein (VLDL) .

Many studies discussed the association between Zn, Cu and CVD risk factors such as lipid profile, diabetic

parameters, and HTN; however, conclusions are mixed. Regarding lipid profile, some studies found a negative

association between Zn and total cholesterol (TC) and LDL . While others reported no association between Zn

and free fatty acids , lipid status , and CVD risk . On the other hand, plasma Cu was positively

associated with high plasma TC, high density lipoproteins (HDL), and high risk of elevated TC and LDL
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dyslipidemia . Additionally, an inverse relationship was observed between Cu/Zn and TC/HDL, LDL/HDL, and

non-HDL/HDL ratios, respectively . Another study did not find any differences in HbA1c levels and Homeostasis

Model Assessment Insulin Resistance (HOMA-IR) scores across Zn groups in patients with well-controlled diabetes

. However, a study by Farooq et al.  showed that a low Zn level was associated with poor glycemic control in

T2DM (negative correlation with HbA1c and fasting blood glucose) . Levels of HbA1c were found to be positively

associated with plasma concentration of Cu and negatively with Zn/Cu ratio in T2DM . The association between

diabetes and Cu levels may be related to the polymorphism of Cu/Zn SOD (also known as SOD1) .

Furthermore, Cu and Zn intakes and Cu/Zn ratio had no association with HTN . However, a study showed

that Cu levels higher than 130 μg/dL may elevate the susceptibility of HTN by 1.99-fold .

Several studies have suggested that the ratio of Zn to Cu, which reflects the reciprocal interaction between these

two trace elements, would be a more powerful marker for the prediction and prognosis of multiple pathological

states compared to individual levels of Zn and Cu . For instance, high serum Cu/Zn ratio was found to be higher

in patients with diabetes  and to be associated with increased risk of mortality from CVD , certain forms of

cancer , in addition to all-cause mortality in an elderly population .

In the past years Qatar has gone through a major nutritional transition characterized by high levels of sedentary

behavior and unhealthy eating patterns. This situation has led to higher rates of obesity and non-communicable

disease (NCD) incidence. It is, therefore, important to understand factors associated with this increased CMR. In

this context, no studies have investigated the impact of low trace mineral levels (Zn and Cu) and CMR among an

adult population in the country. Furthermore, because of the mixed results observed in the literature, the current

study was designed to evaluate the association between Zn, Cu, Zn/Cu ratio and CMR factors in a large sample

size of participants from Qatar Biobank with well-characterized cardiometabolic parameters. It has been

hypothesized that serum Zn and Cu levels are associated with CVD biomarkers.

2. Development and Findings

Zn and Cu are two essential trace minerals that are important for metabolism. Zn plays a key role in inflammation

, oxidation, and lipid  and glucose metabolism . Similarly, Cu also contributes to the control of

inflammation and fat metabolism, in addition to its critical actions in CVD .

Results of the current study indicate an increase in TG and TyG levels with the increase in Zn tertiles. Similar

results have been illustrated by a previous report . However, a study on elderly demonstrated opposite results

with a significant decrease in TG with the increase in Zn levels . The discrepancy between the findings of the

current study and this previous report may be explained by the higher average age of the study population by

Sales et al.  (82.2-years-old) compared to the current study where participants were younger (41 years-old).

Another study on diabetic patients reported significantly higher TG levels in low Zn intake group (among other

nutrients) . Samadi et al.  indicated that T2DM patients had 3-fold lower plasma Zn levels and significantly

higher TG levels compared to controls . Serum Zn levels were found to be significantly lower in T2DM patients

compared with healthy controls . Moreover, the current study demonstrated a significant positive correlation
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between serum Zn levels and TG and TyG. However, a study on elderly  and another on diabetic and healthy

individuals  both reported a significant negative correlation between Zn levels and TG. Differences with the

current findings may be driven by the younger age of the current study’s population and the absence of diabetes

(mean HbA1C 5.7 ± 1.2 %).

The present study also revealed a weak positive correlation between Zn levels and WC while Zaky et al. 

reported a negative correlation in obese patients  although in the present study it has been observed a high

prevalence of overweight and obesity (79.6%) among participants with abdominal obesity affecting almost 35% of

the participants. This discrepancy may be driven by the small sample size in the study by Zaky et al.  (24 obese

individuals and 14 healthy controls) compared to the current study (437 participants). The current study also

showed a tendency for increased WC with increased Zn tertiles while a previous study reported low serum Zn

levels in the high WC group . This study did not find a significant association between CMR factors and Zn

levels in the multivariable adjusted model. Differences are possibly a reflection of the small sample size in this

previous report . Previous animal studies have suggested that low serum Zn levels increases cholesterol

concentration by increasing the production of phospholipids  because Zn has an essential role in expressing

lipid metabolism-related regulatory enzymes . Moreover, Zn deficiency increases acetyl co-enzyme A (CoA)

carboxylase and fatty acid synthase and decreases lipoprotein lipase . Furthermore, animal studies on Zn-

deficient diabetic mice demonstrated a reduction in peroxisome proliferator-activated receptor (PPAR) family

activity that is involved in the regulation of fatty acids and glucose metabolism . In addition, Zn can mimic the

effects of insulin and inhibit the release of free fatty acids .

Furthermore, the current study reported an increase in BMI, PR, TC, HDL, and HbA1c with the increase in Cu

circulating levels. Similar results were indicated for age, BMI, TC, and HDL in another study . Cu level was

reported to be significantly higher in hypertensive patients . Moreover, the current study found a negative

correlation between Cu levels and DBP. The opposite was, however, seen in another study which compared Cu

levels in non-hypertensive individuals to hypertensive patients ; however, in the current study individuals with

established hypertension were not included. A non-significant positive association between Cu levels and DBP was

also found in a study done on adolescents . The results of this study indicated that an increase in Cu levels was

significantly associated with decreased rate of high DBP. A previous study found that, when adjusting for sex and

age, high serum Cu levels was significantly associated with HTN . In addition, another study indicated that both

high and low serum Cu levels were not significantly associated with HTN . Yao et al.  did not reveal an

association between high Cu intake and high BP in children and adolescents . These discrepancies with the

current study may be driven by the exclusion of individuals with established hypertension. The link between serum

Cu levels and HTN is controversial , however, increased cardiac output and BP might be explained by the

reduction in hemoglobin and the consequential anemia that result due to Cu deficiency . Cu protects against the

buildup of islet amyloid peptide which is a major amyloid deposit in the β-cells of T2DM patients .

The present study also reported a positive correlation between serum Cu levels and HbA1c. Other studies have

revealed either a non-significant negative  or a positive  correlation. Consistent with the current observations,

a significant positive correlation was found in diabetic patients  and obese people . Furthermore, a positive
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correlation was found between Cu levels and BMI in the current study. Yang et al. demonstrated a similar result

among obese people  while Samadi et al.  reported a non-significant correlation in diabetic patients .

Cu level was also positively correlated with TC and HDL in this Qatari study. Previous studies did not find a

significant correlation between serum Cu levels and TC and HDL ; however, the sample size in these

previous studies was smaller to the current study. In adolescents, TC showed a significant positive correlation with

serum Cu . The current study also reported that the increase in Cu level was significantly associated with a

decrease in the prevalence of low HDL. A cohort study found no association between low and high HDL and Cu

when adjusted for sex and BMI . Also, no association was found between low HDL and serum Cu levels after

adjustment for multiple variables in another study . Cu deficiency can cause damage to cardiovascular

morphology and physiology due to Cu-dependent enzyme variation, peroxidation as a result of free radical

accumulation due to distress to the Cu antioxidant effect, protein glycation due to glucose accumulation and

abnormal carbohydrate metabolism, and impaired protein structure and function . The relationship between Cu

levels and lipid profile could be because of Cu on catalase and glutathione peroxidase, two enzymes that reduce

hydrogen peroxidase and modulate oxidative stress and redox-mediated responses . High serum Cu level

inhibits glutathione reductase and reduces glutathione production, thus, altering lipid metabolism .

Furthermore, SOD activity is decreased with Cu deficiency which consequently increases the synthesis of hydroxyl

free radicals that have a central link to atherosclerosis . DiSilvestro et al.  have demonstrated that high blood

cholesterol, BP, and blood homocysteine; elevated arterial damage, glucose intolerance, oxidative damage, and

thrombosis can be caused by Cu deficiency which results in decreased synthesis of dehydroepiandrosterone .

An animal study has demonstrated the increase in the activity of 3-hydroxy-3-methyl-glutaryl (HMG) CoA reductase

with Cu deficiency, which in that study, had resulted in hypercholesterolemia .

Previous epidemiological studies have reported an association between serum Cu and Zn level imbalances and

the risk of diabetes and CVD . However, there is an insufficient amount of information and

evidence linking Zn/Cu ratio with CMR factors. Therefore, in this study, it has been focused on this important

variable which reflects the reciprocal interaction between these two trace elements. The average Zn/Cu reported in

the present study was similar to that reported by Hamasaki et al. (0.69 ± 0.23)  and lower than that of Samadi et

al. (4.59 ± 1.11) . Results of the current study demonstrated a significant increase in Zn/Cu ratio with lower age,

BMI, TC, and HDL. Although significant, TG levels did not change between the first and third tertiles (T3) but

increased in the second (T2). A previous study indicated lower Zn/Cu ratio in diabetic patients when compared to

healthy controls . In the same study, age, BMI, TC, and TG were significantly higher in diabetic individuals .

Recently, Cabral et al. reported that higher serum Zn levels were associated with an increased risk of incident

T2DM . In the present Qatari study, TC and HDL were negatively correlated with Zn/Cu ratio. These results are

in line with the results of a previous study . However, a Japanese study did not report this correlation .

Furthermore, we found that the second Zn/Cu ratio tertile was associated with a decrease in the prevalence of high

SBP and the third tertile was associated with an increased risk of having low HDL. Previously, other studies have

assessed Cu/Zn ratio which was found to be significantly higher in hypertensive people compared to controls .

In addition, no significant association was reported between the highest serum Cu/Zn ratio and HTN  or the
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highest intake of Cu/Zn ratio and high BP . Recently, it has also been observed that higher serum levels of Cu

and Cu/Zn ratio were associated with a heightened risk of CVD .

MetS is a multifactorial disease characterized by glucose intolerance, HTN, android obesity, atherogenic

dyslipidemia, and consequently, pro-inflammation . In line with a previous report , the current results also

indicated no association between serum Zn levels and MetS. However, previous studies reported lower Zn levels in

patients with MetS  (males only ) while other studies revealed no association . High serum Cu levels was

found to significantly associate with lower risk of MetS in the current study. Previous studies have revealed no

association between serum Cu and risk of MetS . In line with the current study, Wen et al. , found a

strong association between urinary Cu and MetS (OR: 17; 95% CI: 2.254–4.833) . Another study conducted in

China among adults reported an association between elevated urinary Cu and Zn and an increased rate of MetS.

The same study reported an increase in CRP levels with an increase in urinary Cu and Zn, and plasma CRP was

positively associated with MetS prevalence. The study concluded that systemic inflammation may be one of the

possible mechanisms behind the association between Zn and Cu and MetS . The relationship between Zn and

Cu levels and the inflammatory markers in the pathophysiologic mechanisms associated with MetS was reported

by other studies . It has been observed here that high Zn/Cu ratio significantly increased the risk for

MetS. Increased Zn/Cu ratio was associated with decreased risk of poor glycemic control in diabetic patients in the

Japanese study .

This study should, however, be considered in light of some limitations. First and most importantly, the study design,

which is cross-sectional, cannot establish a causation between the minerals and cardiometabolic markers. Second,

the sample size might be too small to represent the population being studied. On the other hand, a major strength

of the current study is the inclusion of multiple CMR indicators which allowed a comprehensive analysis of the

association with Zn and Cu levels.

3. Conclusions

In the present study, no association was found between serum Zn levels and CMR factors or MetS. Furthermore,

high serum Cu ˃ 15.8 µmol/L, was associated with a protective effect on DBP, HDL and MetS. Serum Zn/Cu ratio

was found to be associated with lower risk of high SBP only in the medium serum levels (0.63–0.79 µmol/L);

however, serum Zn/Cu ratio > 0.79 µmol/L was associated with the risk of having low HDL. Also, Zn/Cu ratio > 0.63

µmol/L was associated with an increased risk of MetS. This study is the first of its kind in Qatar and the region and

it underscores the association between trace element status, particularly Zn and Cu, and the risk of CVD and

MetS. Future studies are recommended to focus on minerals status among obese, abdominally obese, and

prediabetic subjects because of the probable link between low serum Zn and Cu levels and insulin resistance and

CVD.
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