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Abstract

Background: Preeclampsia poses serious medical risks to pregnant women in the world, especially those in 
developing countries like Nigeria. This study aimed to identify specific levels of zinc, copper, and selenium and 
to determine the relationship between the copper-to-zinc ratio and preeclampsia in pregnant mothers. 
Materials and Methods: Serum levels of zinc, copper, and selenium were analysed using atomic absorption 
spectrophotometry (AAS). The copper-to-zinc ratio was calculated, and a paired t-test was used to analyse the 
data; P-values less than 0.05 were considered statistically significant.
Results: Serum levels of zinc and selenium in pregnant women with preeclampsia were significantly lower 
(P < 0.001) than those of the normotensive pregnant women. Conversely, the serum copper level and copper-
to-zinc ratio of pregnant women with preeclampsia were markedly higher (P < 0.001) when compared to those 
of the normotensive pregnant women. After adjusting for age and body mass index (BMI), the mean Cu/Zn 
ratio was 2.86 (95% confidence interval of 2.85–2.87, P < 0.01) and remained independently associated with 
pre-eclampsia in a multivariate regression. The Area Under the Receiver Operating Characteristic curve was 
excellent at 0.9. 
Conclusion: The findings provide evidence of an imbalance in essential trace elements, resulting in a signifi-
cantly elevated Cu/Zn ratio, which could serve as a metal fingerprint linked to preeclampsia in the examined 
group of Nigerian mothers. The finding is promising as a novel, cost-effective, and easily measurable bio-
marker for risk evaluation of preeclampsia in resource-limited settings. 

Keywords: preeclampsia; micronutrients; antioxidants; pregnancy; hypertension

Received: 18 January 2026;  Revised: 14 February 2026; Accepted: 2 March 2026; Published: 20 March 2026 

Preeclampsia (PE) is a significant and high-risk com-
plication during pregnancy, marked by the onset of 
hypertension and proteinuria after the 20-week ges-

tation period. It continues to be a primary cause of mater-
nal and perinatal morbidity and mortality worldwide 
[1–3], especially in developing countries. In Nigeria and 
other West African nations, the impact is particularly 
severe, highlighting the urgent need for effective ear-
ly-stage identification and risk-stratification tools to 
enhance clinical outcomes [4]. In Nigeria, the prevalence 
of preeclampsia is increasing at a rate of 2–17% among 
pregnant women, leading to approximately 15% maternal 
deaths every year [5]. While prevalence varies by region, 
studies in areas like Benue State have reported a preva-
lence rate of approximately 18.9%, which is significantly 
higher than global averages. Present diagnostic approaches 

frequently depend on the appearance of clinical symp-
toms such as elevated blood pressure [6], which may man-
ifest too late to implement effective preventive strategies.

The mechanisms underlying preeclampsia are thought 
to involve placental dysfunction that results in extensive 
endothelial injury and oxidative stress. Essential trace 
elements, or micronutrients, including copper (Cu) and 
zinc (Zn), are crucial in the body’s defence against such 
damage [7–9]. Zinc (Zn) is a vital cofactor for numerous 
enzymes. Zinc serves as a powerful antioxidant and mem-
brane stabiliser, essential for immune function and the 
prevention of oxidative damage. Zinc deficiency is preva-
lent among pregnant populations, which may worsen the 
underlying pathology of PE [10].

Copper (Cu) is necessary for various metabolic func-
tions; copper levels are often elevated in inflammatory 
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and stressful situations. Although essential, excess of cop-
per can act as a pro-oxidant catalyst, leading to cellular 
damage if  not carefully regulated [11].

The equilibrium between these two metals is physio-
logically essential [12]. Zinc and copper frequently com-
pete for absorption and binding sites, and their relative 
concentrations, represented as the copper-to-zinc (Cu/Zn) 
ratio, have proven to be more sensitive markers of sys-
temic inflammation and oxidative stress than the individ-
ual concentrations of either metal alone [13–15].

Elevated Cu/Zn ratios, often resulting from increased 
copper, decreased zinc, or both, are consistently linked to 
chronic inflammatory diseases and have been associated 
with complications during pregnancy. This ratio is pro-
posed to serve as a quantifiable ‘metal fingerprint’ that 
indicates the severity of the oxidative stress and inflamma-
tory cascade [16, 17], which are typical of preeclampsia.

Although studies have linked micronutrient status 
to preeclampsia [18, 19], there is a notable lack of data 
on the predictive value of the Cu/Zn ratio specifically in 
Nigerian pregnant women. This study seeks to address 
this knowledge gap by identifying the specific levels of 
zinc, copper, and selenium and determining the relation-
ship between the copper-to-zinc ratio and preeclampsia in 
pregnant mothers. 

Materials and methods

Study design and population
This is a cross-sectional study involving pregnant women 
who booked to receive antenatal care and unbooked preg-
nant mothers who were admitted into the hospital for 
treatment, while pregnant women without preeclampsia 
served as the control group. They comprised of 40 pre-
eclamptic pregnant women with ages ranging from 20 to 
45 years (mean 30.9 ± 4.02), and 40 non-preeclamptic 
pregnant women, ages ranging from 20 to 45 years (mean 
29.6 ± 3.9), which served as controls.

Study site
Sample collections were done at the antenatal clinic of the 
University of Benin Teaching Hospital (UBTH), Benin 
City. Zinc, copper, and selenium assays were done at the 
Analytical Laboratory, Faculty of Science Laboratory 
Technology, University of Benin, Benin City, Edo State.

Ethical consideration
The study protocol was reviewed and approved by the 
Health Research Ethics Committee of the Edo State 
Ministry of Health, Benin City (HA/737/25/D/09230937 
dated 23rd September 2025), and all participants provided 
informed consent before the commencement of specimen 
collection.

Sample size
The minimum sample size was calculated based on a 2.5% 
prevalence rate of preeclampsia among pregnant women [1]. 

n = Z Pq
d

2

2 ,

where n = sample size, Z = confidence interval of 95%, 
which is equivalent to confidence of 1.96, P = proportion 
in the target population estimated to have a particular 
characteristic, q = (1−p) and D = desired level of size sig-
nificance (5%)

× × −
×

=n = (1.96) 0.025 (1 0.025)
0.05 0.05

38
2

A total of 40 pregnant women with preeclampsia served 
as study participants, while 40 pregnant women without 
preeclampsia served as control participants.

Inclusion and exclusion criteria
The inclusion criteria include pregnant women of ≥  20 
weeks’ gestation and between the ages of 18 and 45 years. 
Pregnant women with preeclampsia served as study par-
ticipants, while pregnant women with no signs of pre-
eclampsia, diabetes mellitus or renal disease, pregnant 
women with chronic illness such as chronic hypertension 
before pregnancy, autoimmune disorder and those on 
trace minerals or antioxidant supplements; alcohol con-
sumers and smokers were excluded from this study. 

Sample collection
Five millilitres (mL) of venous blood samples were col-
lected from each participant using a sterile, disposable 
syringe and needle. The blood was collected in a sterile 
leakproof plain container, which was allowed to clot and 
refract. It was dislodged and spun at 3,000 rpm for 5 min. 
The serum obtained was stored at −20°C prior to 
analysis. 

Laboratory analysis
Estimation of Zinc, Copper and Selenium using Atomic 
Absorption Spectrophotometry (Buck Scientific Model 
210 VGP)

Principle. Atomic absorption spectrophotometry 
(AAS) is an analytical technique that is used to determine 
the concentration of elements in samples. The principle is 
based on the ability of an atom of an element to absorb 
light at a specific wavelength. When an atom absorbs light, 
it becomes excited and moves to a higher energy level. The 
amount of light absorbed is directly proportional to the 
concentration of an element in a sample or solution.

Quality control. The equipment (AAS) was first cali-
brated using Buck-certified atomic absorption standards 
for the respective metals to obtain a calibration curve. 
A reagent blank was run at intervals of  every 10 sam-
ples analysed to eliminate equipment drift. All samples 
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were analysed in triplicate for reproducibility, accuracy 
checks and precision. The Buck 210VGP is recognised 
for its stability, often achieving a Relative Standard 
Deviation (RSD) of  < 0.5% for most stable elements. 
Analytical performance parameters are as follows: cop-
per sensitivity (0.040 ppm), linear range (10–500 µg/dL),  
zinc sensitivity (0.010 ppm), linear range (0.05–100 µg/dL)  
and selenium sensitivity (0.500 ppm) and linear range 
(20–2,000 µg/dL).

Procedure
The sample was diluted with deionised water to form a 
solution. The solution containing the analyte was aspi-
rated into a flame, usually a flame produced by burning 
acetylene and air, where the sample was vaporised and the 
atoms of the analyte were excited to a higher energy level. 
A beam of light, usually from a hollow cathode lamp that 
emits light at a specific wavelength corresponding to the 
element being analysed, was passed through the flame. 
The atoms of the analyte in the flame absorb some of the 
light, reducing the intensity of the transmitted light. The 
amount of light absorbed by the analyte was measured by 
a detector, and the absorbance was converted to concen-
tration using a calibration curve generated using standard 
solutions of known concentrations.

Statistical analysis
The data obtained were statistically evaluated using the 
Statistical Package for Social Sciences (SPSS) version 21 
(SPSS Inc., Chicago, IL, U.S.A.). The data were expressed 
as mean ± SD for both tests and controls, and Student’s 
t-test and ANOVA were used to compare the means. 
Relationships between values were analysed by the 
Pearson correlation coefficient. The level of significance 
was set at P < 0.05.

Results
This study involved 80 participants, comprising of 40 pre-
eclamptic pregnant women and 40 normotensive preg-
nant women between the ages of 20 and 45 years.

Table 1 shows the socio-demographic status of the study 
participants. The pre-eclamptic pregnant women were 
slightly older than controls. The pre-eclamptic patients 
had significantly higher mean body mass index (BMI) 
and diastolic and systolic blood pressure than controls 
(Table 1). Gestational age was 34 weeks in both groups. 

Table 2 shows the zinc, copper, and selenium levels of 
the study participants compared with those of the controls. 
The mean serum levels of zinc and selenium of preeclamp-
tic pregnant women were significantly lower (P < 0.001) 
than those of controls, while the mean serum level of cop-
per of pregnant women with preeclampsia was significantly 
higher (P < 0.001). The Cu/Zn ratio was significantly higher 
in pre-eclampsia (2.86 ± 0.04, 95% confidence interval [CI]: 
2.85, 2.87) than in normotensive pregnant women (1.05 ± 
0.02, 95% CI: 1.04, 1.06; P < 0.001).

A multivariate linear regression analysis was per-
formed to evaluate the association between Cu/Zn and 
pre-eclampsia among pregnant women. After adjusting 

Table 1.  Sociodemographic status of study participants 

Variables Pre-eclamptic 
Pregnant women 

(n = 40)

Normotensive 
Pregnant women 

(n = 40)

P

Age (years) 30.9 ± 4.02 29.6 ± 3.92 0.09

Body Mass Index  
(Kg/m2)

27.9 ± 3.60 24.8 ± 3.67 0.001*

Blood Pressure

Systolic (mmHg) 147.8 ± 7.80 112.2 ± 7.10 0.001*

Diastolic (mmHg) 93.0 ± 4.20 75.5 ± 5.20 0.001*

Gestational age 
(weeks)

34.0 ± 4.0 34.0 ± 4.0 1.00

Educational status

Primary 2 (5%) 4 (10%)

Secondary 15 (37.5%) 12 (30%) > 0.05

Tertiary 23 (57.5%) 24 (60%)

Marital status

Single 5 (12.5%) 7 (17.5%) > 0.05

Married 35 (87.5%) 33 (82.5) > 0.05

*P < 0.05 – statistically significant.

[AQ1]

Table 2.  Serum levels of zinc, copper, selenium and copper-to-zinc ratio among pre-eclamptic pregnant women and normotensive pregnant 
women (Mean ± SD)

Parameters Pre-eclamptic Pregnant women (n = 40) Normotensive Pregnant women (n = 40) P

Zinc (μg/dL) 
(Ref. Range: 60–120 μg/dL)

35.85 ± 8.89
95% CI: 33.10, 38.60

75.84 ± 14.72
95% CI: 71.28, 80.40

0.001*

Copper (μg/dL) 
(Ref. Range: 80–140 μg/dL)

103.46 ± 18.70
95% CI: 97.67, 109.25

80.58 ± 14.15
95% CI: 76.20, 84.98

0.001*

Selenium (μg/dL) 
(Ref. Range: 60–120 μg/dL)

76.46 ± 16.58
95% CI: 71.33, 81.59

107.79 ± 16.19
95% CI: 102.78, 112.80

0.001*

Copper/Zinc Ratio
(Ref. Range 0.7 -1.5)

2.86 ± 0.04
95% CI: 2.85, 2.87

1.05 ± 0.02
95% CI: 1.04, 1.06

0.001*

*P < 0.05, statistically significant.
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for age and BMI, the mean Cu/Zn β = 0.28, 95% CI: 2.85, 
2.87, P < 0.01 remained independently associated with 
pre-eclampsia. Using pre-eclampsia and control as binary 
dependent variables in a logistic regression, the Area 
Under the Receiver Operating Characteristic (AUROC) 
curves for copper, selenium, zinc, and the Cu/Zn ratio 
are provided in Fig. 1. The AUROC for Cu/Zn was the 
highest at 0.9, indicating a better model for differentiating 
between pre-eclampsia and control.

Discussion
Preeclampsia is one of the major causes of high morbidity 
and mortality among pregnant women worldwide, espe-
cially in developing countries like Nigeria [20]. The risk 
factors of preeclampsia, such as oxidative stress, inflam-
mation, dyslipidemia, cytokine production and elevated 
homocysteine, have been documented [21]. While research 
exists linking micronutrient levels to preeclampsia [18, 19], 
there is a significant lack of information on the metal fin-
gerprint associated with preeclampsia among pregnant 
women in Nigeria. 

Our findings reveal a clear pattern of  micronutri-
ent dysregulation among women with preeclampsia: 
a notable reduction in serum zinc and selenium levels, 

contrasted with a significant rise in serum copper lev-
els. The observed decrease in zinc and selenium in preg-
nant women with preeclampsia compared to controls is 
particularly concerning. Zinc acts as a crucial cofactor 
for the enzyme superoxide dismutase (SOD), while sele-
nium is essential for glutathione peroxidase (GPx). Both 
zinc and selenium are fundamental components of  the 
body’s antioxidant defence system. Their reduced levels 
indicate a severely weakened defence mechanism against 
the increased oxidative stress that is characteristic of  pre-
eclampsia pathology. This deficiency likely hinders the 
neutralisation of detrimental free radicals, exacerbating 
endothelial injury and contributing to the clinical symp-
toms of the disease.

These findings are consistent with previous findings 
[22, 23], though there have been some conflicting results 
regarding the levels of these micronutrients in preeclamp-
sia [24, 25]. A study has documented reduced levels of 
zinc, copper, and selenium in preeclampsia [25], while 
other studies have documented an increase in the levels 
of these micronutrients [26, 27]. Micronutrient deficien-
cies or toxicity has been reported to disrupt biochemical 
processes that can potentially predispose pregnant women 
to high pressure and preeclampsia [28].

Fig. 1.  The Area Under the Receiver Operating Characteristic (AUROC) curves for copper, selenium, zinc, and Cu/Zn ratio.

False Positive Rate (100- Specificity)

AUROC Copper = 0.85

AUROC zinc = 0.82

AUROC selenium = 0.80

AUORC Cu�Zn Ratio     = 0.90
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In addition, the notably elevated Cu levels in pregnant 
women with preeclampsia compared to the control group 
exacerbate the issue. Although copper is a vital nutrient, 
an excess or inadequately high level of copper can func-
tion as a pro-oxidant [29–31]. 

The findings regarding the Cu/Zn ratio lend substan-
tial empirical support to the comprehension of trace ele-
ment imbalance in hypertensive disorders of pregnancy, 
particularly within the Nigerian context. The Cu/Zn ratio 
is recognised as a significant clinical indicator of oxida-
tive stress and inflammation [32, 33]. The observation of 
a significantly elevated ratio indicated that pre-eclampsia 
is marked by a systemic imbalance between antioxidants 
and oxidants. This finding is consistent with global pat-
terns [13–15] and provides specific baseline values perti-
nent to the Nigerian population.

A notable strength of this study is the multivariate lin-
ear regression analysis. By controlling for age and BMI, 
it has shown that the Cu/Zn ratio is not simply a conse-
quence of maternal obesity or age, but rather an indepen-
dent biological factor associated with the condition.

Also, the Cu/Zn ratio with AUC = 0.90 indicates that 
the ratio may be a strong predictor or can accurately dis-
tinguish between women with pre-eclampsia and normo-
tensive pregnant women. This advancement elevates the 
ratio from a mere observation to a potentially valuable 
predictive biomarker. It also holds considerable promise 
as a novel, cost-effective, and easily measurable biomarker 
for risk evaluation in the management of preeclampsia. 
Employing this ‘metal fingerprint’ in clinical settings could 
facilitate earlier interventions, especially in resource- 
constrained areas such as Nigeria.

Research on trace elements during pregnancy fre-
quently presents contradictory findings influenced by 
geographic and dietary differences. The narrow confi-
dence intervals (95% CI: 2.85−2.87) indicate a high level 
of precision in the analytical technique. This contributes 
high-quality data points to the African regional literature, 
where such precise profiling of trace elements is occasion-
ally deficient. It establishes a clear benchmark that future 
research in similar populations can utilise for comparative 
purposes.

Given that elevated copper levels are often associated 
with increased ceruloplasmin (an acute-phase reactant), 
these findings reinforce the notion that pre-eclampsia 
represents a state of chronic systemic inflammation. 
Therefore, the data presented imply that the presence of 
inflammation is statistically correlated with the clinical 
presentation of pre-eclampsia.

The findings from a tertiary healthcare facility in Edo 
State, Nigeria, validate global patterns and offer essential, 
region-specific insights. The high occurrence of micro-
nutrient deficiencies in certain demographics may render 
these findings particularly relevant. The Cu/Zn ratio not 

only indicates the concentrations of specific trace ele-
ments but also seems to significantly influence metabo-
lism, implying that these trace elements are crucial in the 
development of diseases [34]. The reference ranges for 
the Cu/Zn ratio (0.54–1.68) in plasma and 0.13–0.25 in 
whole blood have been recorded among Chinese women 
[35]. The authors proposed that this information could be 
utilised to evaluate the clinical health and body burden of 
the population studied [35]. Future research should focus 
on determining the optimal cut-off  value for the Cu/Zn 
ratio to establish its sensitivity and specificity as a diag-
nostic tool for preeclampsia, paving the way for its clinical 
application.

In this study, we conclude that preeclampsia in the 
Nigerian population is significantly associated with severe 
systemic disruption of the homeostasis of essential micro-
nutrients. An imbalanced Cu/Zn ratio in the endothelial 
lining of blood vessels impairs the vessels’ ability to pro-
duce vasodilators (such as nitric oxide), leading to vaso-
constriction [36]. The narrowing of blood vessels leads 
to increased blood pressure, directly contributing to the 
hypertension observed in preeclampsia [37].

Numerous studies have noted a positive correlation 
between a high Cu/Zn ratio and elevated systolic and dia-
stolic blood pressure [26, 38]. Since the body’s circulating 
copper naturally rises during a typical pregnancy (due 
to increased oestrogen stimulating the carrier protein, 
ceruloplasmin), measuring copper alone can be decep-
tive. However, when zinc levels do not adequately com-
pensate or decrease significantly, the resulting high ratio 
is regarded as a more reliable indicator of pathological 
imbalance and vascular complications than either trace 
element alone [38]. 

Limitations of the study
Despite the important discoveries concerning the Cu/Zn 
ratio, several limitations must be recognised. First, the 
cross-sectional nature of this study prevents the establish-
ment of a definitive causal relationship. Although a dis-
tinct ‘metal fingerprint’ was identified in mothers with 
preeclampsia, it remains unclear whether these imbal-
ances in trace elements are a primary cause of the condi-
tion or a secondary physiological response to it. 

Second, the research was conducted in a single-centre 
setting, which may limit the generalisability of the results. 
Given regional differences in dietary habits, soil com-
position, and environmental exposures across Nigeria, 
the results may not accurately reflect the wider national 
population. 

Lastly, the relatively small sample size may have con-
strained the statistical power to detect more subtle correla-
tions, especially when analysing data by severity or onset 
timing of preeclampsia. Future longitudinal, multi-centre 
research with larger participant groups is necessary to 
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confirm these findings and assess the predictive signifi-
cance of the Cu/Zn ratio during early pregnancy.

Conclusion
The identified markedly reduced levels of antioxidant zinc 
and selenium, alongside significantly elevated pro-oxidant 
copper levels, induce a critical condition of oxidative 
stress and heightened inflammatory susceptibility. 
Importantly, the notably increased Cu/Zn ratio acts as a 
powerful and unique ‘metal fingerprint’ for preeclampsia. 
This ratio is statistically significant when comparing 
women with preeclampsia to normotensive controls, high-
lighting its capacity to reflect the severity of the underly-
ing redox imbalance. 

Finally, the Cu/Zn ratio presents significant potential 
as an accessible, cost-effective, and highly predictive bio-
marker for the prompt detection and risk assessment of 
preeclampsia in pregnant mothers, especially in high-risk 
areas such as Nigeria. Further clinical validation is nec-
essary to incorporate this influential metabolic signature 
into standard antenatal screening practices.
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