Supplement 1: Summary of Previous POI Studies

	Study
	Biomarker
	Biological sample
	Unit
	POI Median concentration (min - max) or (IQR) [µg/L]
	POI – Arithmetic Mean concentration [95% CI] or ± SD
	HC – Arithmetic Mean concentration [95% CI] or ± SD
	HC Median concentration (min - max) [µg/L]
	Number and age (mean ± SD) of the participants
	Study design and location
	Main findings

	Kebapcilar et al. 2012
	Zn
	serum
	µg/l
	
	119 ± 14
	138 ± 19
	
	35 women with POI aged 37.2 ± 2.4
28 women with normal menstrual cycles aged 37.2 ± 1.7
	cross-sectional, case-control study, Turkey
	women with POI had significantly higher serum Cu levels and Cu/Zn ratio and significantly lower serum vit D and Zn levels than healthy control group
Serum FSH levels were inversely correlated with Zn and VitD levels and positively correlated with the Cu/Zn ratio and Cu levels.
Vit D levels were inversely correlated with FSH, Cu/Zn ratio and CU levels and positively correlated with Zn levels

	
	Cu
	serum
	µg/l
	
	1528 ± 223
	1126 ± 173
	
	
	
	

	
	Cu/Zn
	serum
	µg/l
	
	12.9 ± 2.3
	8.3 ± 1.8
	
	
	
	

	
	Vitamin D
	serum
	ng/ml
	
	9.5 ± 4.0
	18.5 ± 7.5
	
	
	
	

	Verma et al. 2017
	Zn
	serum
	µg/l
	
	858.9 ± 205.1
	1048.2 ± 316.6
	
	35 women with POI aged 24.65 ±
7.5
30 women with normal menstrual cycles aged 25.23 ± 6.75
	cross-sectional, case-control study, India
	Serum levels of Se, Zn, Cu and Zn:Cu ratio were significantly lower in women with POI
inter-element association between Zn and Se was significant in POI group.
Serum FSH and LH levels were negatively correlated with Zn and Cu levels
Serum estrogen levels were negatively correlated with Zn, Se and Cu levels.
SOD and GPx activities were significantly lower and MDA lever was higher in POF group.
B cell marker CD 19 was significantly higher in POI group

	
	Cu
	serum
	µg/l
	
	1097 ± 217.6
	1479 ± 45
	
	
	
	

	
	Se
	serum
	µg/l
	
	93.84 ± 16.3
	113 ± 14.3
	
	
	
	

	
	MDA
	serum
	µmol/ml
	
	18.42 ± 1.28
	12.39 ± 0.75
	
	
	
	

	
	SOD
	serum
	U/l
	
	165.24 ± 9.93
	189.23 ± 12.29
	
	
	
	

	
	GPx
	serum
	U/l
	
	221.81 ± 14.92
	259.41 ± 10.53
	
	
	
	

	Özel et al. 2018
	Al
	serum
	µg/l
	
	44 ± 11.6
	42.3 ± 18.7
	
	23 women with POI aged 29.2 ± 3.9 
23 women with normal menstrual cycle aged 28.4 ±5.3
	cross-sectional, case-control study, Turkey
	There were no statistically significant differences in serum levels of Al, As, Hg, Mn and Pb between POI and control group. 

	
	As
	serum
	µg/l
	
	38.5 ± 21.5
	36.9 ± 23.4
	
	
	
	

	
	Hg
	serum
	µg/l
	
	21.6 ± 11.1
	20.1 ± 15.5
	
	
	
	

	
	Mn
	serum
	µg/l
	
	11.7 ± 3.2
	12.2 ± 4.5
	
	
	
	

	
	Pb
	serum
	µg/l
	
	95 ± 44.5
	88.2 ± 40.2
	
	
	
	

	Delkhorrami et al. 2020
	Se
	serum
	µg/l
	
	60.7 ± 17/8
	78.1 ± 14.1
	
	32 women with POI aged 35.6 ± 4.1
31 women with normal menstrual cycles aged 35.9 ± 5.6

	cross-sectional case-control study, Iran
	Serum Se levels were significantly lower in POF group compared to control group.
The plasma GPx activity was lower in the POF group although not significantly. 

	
	GPx
	serum
	U/ml
	
	825.5 ± 208.0
	847.6 ± 227.1
	
	
	
	

	Pan et al. 2020
	As
	urine
	µg/l
	21.5 (9.35 - 43.6)
	
	
	13.8 (5.81 -31.6)
	169 women with POI
209 women with normal menstrual cycles*
	cross-sectional, case-control study, China
	The median concentration of urinary As in POI cases was significantly higher than that of controls.
Urinary As concentrations were significantly positively associated with the risk of POI. 

	Pan et al. 2021
	Cd
	urine
	µg/l
	
	AM: 0.70
GM (5th – 95th percentile): 0.40 (0.006 – 2.25)
	AM: 0.42
GM (5th – 95th percentile): 0.28 (0.04 – 1.09)
	
	169 women with POI aged 34.2 ± 6.3
209 women with normal menstrual cycles aged 33.6 ± 5.7
	cross-sectional, case-control study, China
	The median concentration of urinary Cd in POI cases was significantly higher than that of controls.
After the adjustment for confounders (age, BMI, smoking, alcohol consumption, education, household income) a significantly positive association was still present between the increased Cd concentrations and the ORs for POI (2.5, 95% Cis: 1.34 - 4.65 for the third tertile of Cd level; p = 0.001)
Serum levels of FSH and LH were positively associated with urinary Cd, while AMH and oestradiol levels were inversely correlated. 

	Li et al. 2021
	Cu
	urine
	µg/l
	6.1 (3.53 – 9.12)
	5.83
	3.38
	3.82 (2.34 – 6.37)
	169 women with POI aged 34.2 ± 6.32
209 women with normal menstrual cycles aged 33.6 ± 5.66
	cross-sectional, case-control study, China
	the urinary levels of Cu and Se in women with POI were significantly higher than those in controls
The positive associations were observed between Cu levels and the odds of POI.
The highest tertile of urinary Se levels was associated with increasing POI risk
Urinary Zn and Fe were negatively associated with serum levels of FSH. 

	
	Mn
	urine
	µg/l
	1.94 (1.46 – 2.70)
	2
	1.69
	1.92 (1.41 – 2.58)
	
	
	

	
	Fe
	urine
	µg/l
	46.9 (34.0 – 59.4)
	45.2
	46.1
	47.1 (35.9 – 59.1)
	
	
	

	
	Se
	urine
	µg/l
	10.6 (3.58 – 21.8)
	5.86
	4.58
	7.12 (2.08 – 14.7)
	
	
	

	
	Zn
	urine
	µg/l
	278 (203 – 441)
	301
	272
	258 (185 – 393)
	
	
	

	Wang et al. 2022
	Mo, Li, Mg, Al, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Cd, Hg, Tl, Pb, Bi
	serum
	µg/l
	Concentrations of the analysed elements are not provided in the article.
	30 women with POI 
31 women with normal menstrual cycle
Data on participant age are not provided in the article
	cross-sectional, case-control study, China
	Mo and Ca were elevated in idiopathic POI patients. 
Mo levels were associated with the increased levels of plasma proteins involved in vascular endothelial injury such as von Willebrand Factor, fibrinogen alpha chain, angiotensinogen, fibrinogen gamma chain, fibrinogen beta chain and fibronectin 1.

	Mirinezhad et al. 2024
	Zn
	serum
	µg/dl
	Concentrations of analysed elements categorized into three categories; descriptive statistic of concentrations is not reported.

	117 women with POI
183 women with normal menstrual cycles
The mean age of all participants was 54 years.
	cross-sectional, case-control study, Iran
	The C and G alleles of the rs4806660 (TMEM gene) and rs244715 (ZNF346 gene) polymorphisms respectively are independently associated with serum copper in women with POI.

	
	Cu
	serum
	µg/dl
	
	
	
	

	
	Phosphate
	serum
	µg/dl
	
	
	
	

	
	Ca
	serum
	µg/dl
	
	
	
	

	
	Mg
	serum
	µg/dl
	
	
	
	

	
	Vitamin D
	serum
	µg/dl
	
	
	
	


Legend: POI – premature ovarian insufficiency, HC – healthy control,  Mn - manganese, Cu - copper, Zn - zinc, Se - selenium, Mo - molybdenum, As - arsenic, Cd - cadmium, Hg - mercury, Pb – lead, Li - Lithium, Mg - Magnesium, Al - Aluminum, Ca - Calcium, Ti - Titanium, V - Vanadium, Cr - Chromium, Fe - Iron, Co - Cobalt, Ni - Nickel, Sr - Strontium, I - Iodine, Tl - Thallium, Bi – Bismuth, SG – specific gravity, Crc – creatinine, LOD – level of detection, GM – geometric mean, AM – arithmetic mean, CI – confidence interval, SD – standard deviation, IQR – interquartile range, FSH – follicle-stimulating hormone, VitD – Vitamin D, LH – luteinizing hormone, SOD - superoxide dismutase; GPx -  glutathione peroxidase, MDA – malondialdehyde, CD19  - Cluster of Differentiation 19, OR – odds ratio, BMI – body mass index, AMH – anti-Mueller hormone, TMEM gene - Transmembrane Protein 119 gene, ZNF346 gene - Zinc Finger Protein 346 gene, * Participant age was categorized and presented as the number or percentage of individuals within each age group/decade
