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Abstract
Background
Hypozincemia contributes to phosphate-induced vascular calcification in model animals of renal failure, but the association between hypozincemia and aortic stenosis (AS) prevalence in patients with end-stage kidney disease remains unreported in clinical settings.

Methods
To investigate the association between hypozincemia and AS prevalence in patients undergoing hemodialysis, we designed a single-center cross-sectional study. Our outcome “AS” was defined as prevalence of moderate or severe AS or surgical history for AS. Depending on serum zinc levels, we divided patients undergoing hemodialysis into deciles. The association between hypozincemia and AS prevalence was analyzed via logistic regression adjusted for age, sex, dialysis vintage, diabetes history, serum albumin, and history of taking calcium-containing phosphate binder.

Results
Ninety-three patients undergoing hemodialysis were eligible. The mean serum zinc level was 61.3 ± 13.9 μg/dL. Twelve patients who belonged to 1st decile had serum zinc levels ≤ 48 μg/dL. Of these twelve patients, six patients (50 %) had AS. On the other hand, of eighty one patients who belonged to 2nd–10th deciles (serum zinc levels > 48 μg/dL), thirteen patients (16 %) had AS. Hypozincemia (serum zinc levels ≤ 48 μg/dL) was associated with AS prevalence (P = 0.038; odds ratio 4.43; 95% confidence interval 1.09–18.0).

Conclusions
AS was more prevalent in patients undergoing hemodialysis with severe hypozincemia in our cross-sectional study, although interventional studies are required to elucidate the benefit of zinc supplementation for AS progression.
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Introduction
Serum zinc (Zn) levels in patients with end-stage kidney disease (ESKD) tend to be low because these patients are often undernourished owing to chronic inflammation, uremia, and food restrictions [1]. Hypozincemia leads to dysgeusia, loss of appetite, delayed wound healing, anemia, and resistance to erythropoiesis-stimulating agents in patients with ESKD [2].
Vascular calcification in patients with ESKD is closely related to rapid progression of ischemic heart disease, peripheral artery disease, and aortic stenosis (AS), which become leading causes of morbidity and mortality. An association between hypozincemia and phosphate-induced vascular calcification was recently reported in model animals of aging and renal failure [3]. Oxidative stress is also associated with vascular calcification in CKD (chronic kidney disease) patients [4]. Increased superoxide dismutase copper (Cu)-Zn, a Zn-containing antioxidant that defends against oxidative stress that can lead to aortic valve degeneration, was reported in aortic valve samples from patients with AS [5]. Although the acceleration of AS progression due to vascular calcification was suggested in patients with ESKD [6–8], an association between hypozincemia and vascular calcification or AS progression in clinical settings has not ever been reported.
We designed a single-center cross-sectional study of patients undergoing hemodialysis to investigate the association between severe hypozincemia and AS prevalence.
Methods
Patients
Patients undergoing hemodialysis who had regularly attended hemodialysis sessions three times a week at the hospital during the first week of July 2019 were enrolled. The hospital is a general hospital with 188 hospital beds and 24 medical departments. We excluded patients with a dialysis vintage of less than 2 years or had missing blood samples or Zn supplementation.
Measurement of serum zinc concentrations
All covariates except for serum ferritin and intact parathyroid hormone (iPTH) were sampled in July 2019. Blood samples were obtained just before the dialysis sessions on Monday or Tuesday of the first week. Measurements of the concentrations, including serum Zn, copper, and iPTH, were processed and analyzed by SRL, Inc. (Tokyo, Japan). Kt/V for urea (K: dialyzer clearance of urea, t: dialysis time and V: urea distribution volume) was calculated during the first week as per Daugirdas et al. [9]. Serum ferritin and iPTH were measured during the last 3 months of the study. Blood pressure was measured just before the 2nd dialysis session during the first week. Calcium, bicarbonate, and glucose concentrations of dialysate used in the study were 2.5 mEq/L, 28 mEq/L, and 100 mg/dL, respectively.
Covariates
Serum Zn levels were divided into deciles, and the lowest category (1st decile) was regarded as the “low-Zn group.” We used the Stata command “xtile zn_10 = sZn, nquantiles (10)” in order to divide them into deciles. Serum albumin was divided into two groups (< 3.0 g/dL or ≥ 3.0 g/dL). Our outcome was prevalence of moderate or severe AS, diagnosed by (1) transthoracic echocardiography results (average pressure gradient > 25 mmHg, jet velocity > 3.0 m/s or aortic valve area ≤ 1.5 cm2) or (2) surgical history of aortic valve replacement for AS. Echocardiography was performed within a year before or after the blood sampling. Five expertized technicians in the single center performed the transthoracic echocardiography, and they were blind to serum zinc levels.
Statistical methods
Parameters for the low-Zn group (1st decile) and the other groups (2nd–10th deciles) were compared via the Mann-Whitney test (Table 1). To analyze the association between hypozincemia and AS prevalence, logistic regression was performed using 5 models. Model 1 is crude, and model 2 is adjusted for age and sex, and model 3 for age, sex, dialysis vintage, and diabetes history. Model 4 is adjusted for age, sex, dialysis vintage, diabetes history, and serum albumin. Model 5 is adjusted for age, sex, dialysis vintage, diabetes history, serum albumin, and history of taking calcium-containing phosphate binder. Analyses were performed using STATA software, version 14.2 (StataCorp LLC, College Station, TX, USA).
Table 1Baseline characteristics of participants in a single-center cross-sectional study of hypozincemia and aortic stenosis prevalence


	 	Zn ≤ 48 (1st decile)
	48 < Zn (2nd-10th deciles)
	P value

	Number of patients
	12 (13%)
	81 (87%)
	 
	AS
	6 (50%)
	13 (16%)
	< 0.01

	Surgical history of AS
	1 (8.3%)
	4 (4.9%)
	0.58

	Age
	75.3 ± 12.5
	70.6 ± 9.9
	0.034

	Male
	9 (75%)
	45 (56%)
	0.21

	Height (cm)
	164.9 ± 8.7
	159.8 ± 8.8
	0.1

	Dw (kg)
	57.5 ± 10.9
	53.4 ± 11.3
	0.19

	Diabetes
	3 (25%)
	22 (27%)
	0.88

	Dialysis vintage (year)
	11.3 ± 8.7
	10.9 ± 7.3
	0.94

	Zn (μg/dL)
	45.0 ± 4.3
	63.7 ± 13.1
	< 0.01

	ALB (g/dL)
	3.2 ± 0.4
	3.5 ± 0.3
	0.043

	Hb (g/dL)
	11.1 ± 1.4
	11.4 ± 1.0
	0.1

	Ferritin (ng/mL)
	135.6 ± 45.1
	119.0 ± 91.2
	0.12

	Cre (mg/dL)
	9.4 ± 1.7
	10.5 ± 2.4
	0.09

	Ca (mg/dL)
	9.3 ± 0.4
	9.3 ± 0.6
	0.72

	P (mg/dL)
	5.0 ± 0.8
	5.1 ± 1.6
	0.86

	Ca × P
	46 ± 7.5
	47.5 ± 14
	0.95

	P ave
	5.2 ± 0.8
	5.2 ± 1.0
	0.83

	K (mEq/L)
	5.0 ± 0.6
	5.0 ± 0.7
	0.87

	Mg (mg/dL)
	2.5 ± 0.2
	2.8 ± 0.4
	< 0.01

	Cu (μg/dL)
	90 ± 23
	87.1 ± 19.1
	0.68

	iPTH (pg/mL)
	184.0 ± 112.1
	133.7 ± 105.3
	0.11

	LDL-chol (mg/dL)
	75.9 ± 18.9
	82.9 ± 25.3
	0.29

	TAC-BUN
	48.2 ± 6.6
	48.5 ± 9.6
	1

	Kt/V for urea
	1.44 ± 0.18
	1.54 ± 0.19
	0.17

	SBP (mmHg)
	137.7 ± 19.0
	142.8 ± 16.7
	0.43

	Drug

	 Vitamin D
	10 (83%)
	76 (92%)
	0.12

	 Calcium-containing phosphate binder
	8 (67%)
	51 (61%)
	0.51

	 ACE/ARB
	9 (75%)
	48 (58%)
	0.34

	 Calcimimetics
	7 (58%)
	41 (49%)
	0.71

	 P absorbentsa
	1.5 ± 0.8
	2.1 ± 0.9
	0.024

	 Warfarin
	5 (42%)
	16 (19%)
	0.1

	 Statins
	5 (41.7%)
	24 (29.6%)
	0.4

	Past history

	 IHD
	5 (41.7 %)
	22 (27.2 %)
	0.3

	 CVD
	2 (16.6 %)
	14 (17.3 %)
	0.96

	 ASO
	4 (33.3 %)
	16 (19.8 %)
	0.29


Data are n (%) and mean (SD). AS aortic stenosis, Dw dry weight, Zn serum zinc, ALB serum albumin, Hb serum hemoglobin level, Cre serum creatinine, Ca serum calcium corrected by serum albumin, P serum phosphate, Ca × P product of Ca and P, P ave average value of serum phosphate during this study, K serum potassium, Mg serum magnesium, Cu serum cupper, iPTH serum intact parathyroid hormone, LDL-chol serum low-density lipoprotein cholesterol, TAC-BUN time-averaged concentration of blood urea nitrogen, SBP systolic blood pressure, ACE/ARB angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker, P absorbents phosphorus adsorbents, IHD ischemic heart disease, CVD cerebrovascular disease, ASO arteriosclerosis obliterans
aNumber of different P absorbents taken by patients



Results
Baseline characteristics
Of all 114 patients, 19 with a dialysis vintage less than 2 years, one who had Zn supplementation, and one who missed the blood sampling session were excluded. Finally, 93 patients undergoing hemodialysis were eligible for analysis (Fig. 1).
[image: ../images/41100_2020_299_Fig1_HTML.png]
Fig. 1Flowchart for this single-center cross-sectional study


The mean serum Zn level was 61.3 ± 13.9 μg/dL. First, we confirmed the linearity between serum Zn levels and AS prevalence. Twelve patients (13%) were categorized in the low-Zn group, with serum Zn levels ≤ 48 μg/dL. Of these twelve patients in the low-Zn group, six patients (50%) had AS. On the other hand, of eighty one patients in the other groups (2nd–10th deciles, serum zinc levels > 48 μg/dL), thirteen patients (16%) had AS. A patient (8.3%) in the low-Zn group had history of surgery for AS; four patients (4.9%) in another group had history of surgery for AS. Three patients had surgery within a year before the sampling. A patient had surgery within 2 years before the sampling. A patient had surgery 4 years before the sampling. Patients in the low-Zn group were significantly older than those in the other groups (Zn > 48 μg/dL; age 75.3 ± 12.5 years old versus 70.6 ± 9.9 years old, P = 0.034). The serum albumin and magnesium levels in the low-Zn group were lower than those in the other groups (3.2 ± 0.4 g/dL versus 3.5 ± 0.3 g/dL, P = 0.043; 2.5 ± 0.2 μg/dL versus 2.8 ± 0.4 μg/dL; P < 0.01, respectively). Patients in the low-Zn group had taken fewer phosphorus adsorbent types (1.5 ± 0.8 versus 2.1 ± 0.9, P = 0.024). The serum calcium, phosphate, serum calcium-phosphorus products, systolic blood pressure, dialysis vintage, and diabetes history did not significantly differ between the low-Zn group and the other groups (Table 1).
Hypozincemia and AS
Severe hypozincemia (low-Zn group, Zn ≤ 48 μg/dL) was associated with AS prevalence (P = 0.038; odds ratio 4.43; 95% confidence interval 1.09–18.0) via logistic regression, adjusted for age, sex, dialysis vintage, diabetes history, serum albumin, and history of taking calcium-containing phosphate binder in model 5 (Table 2). Severe hypozincemia was also associated with AS prevalence in other models (models 1–4).
Table 2Associations between serum zinc level and covariates with aortic stenosis prevalence


	Model
	OR
	95% CI
	P value

	Model 1
	5.23
	1.46–18.8
	0.011

	Model 2
	4.38
	1.16–16.5
	0.029

	Model 3
	4.51
	1.15–17.6
	0.03

	Model 4
	4.55
	1.15–18.0
	0.031

	Model 5
	4.43
	1.09–18.0
	0.038


OR odds ratio, CI confidence interval
Model 1: Crude
Model 2: Adjusted for age + sex
Model 3: Adjusted for model 2 + dialysis vintage (years) + diabetes history
Model 4: Adjusted for model 3 + serum albumin
Model 5: Adjusted for model 4 + history of taking calcium-containing phosphate binder



Discussion
In our cross-sectional study, the mean serum Zn level of the patients undergoing hemodialysis was low, and the low-Zn group was significantly associated with AS prevalence in several models.
The mean serum Zn level was 61.3 ± 13.9 μg/dL, which is below the normal range of 80–130 μg/dL as defined by the Japanese Society of Clinical Nutrition [10]. Serum Zn levels tend to be low in patients undergoing hemodialysis because these patients are often undernourished owing to chronic inflammation, uremia, and food restrictions. Shimizu et al. reported that the mean serum Zn level in Japanese patients undergoing hemodialysis was 61 ± 10.5 μg/dL, and half of all patients had serum Zn levels < 60 μg/dL [11]. In our hospital, ~ 40% of all patients had serum zinc levels < 60 μg/dL (data not shown). The mean serum Zn level in the study was very similar to that in our study. In our facility, patients in the low-Zn group had serum Zn values of ≤ 48 μg/dL. Most patients undergoing hemodialysis are considered hypozincemic. However, the threshold of hypozincemia to be harmful for patients undergoing dialysis has remained unknown.
Although hypozincemia is common in patients undergoing hemodialysis, aggressive supplementation to normalize serum Zn levels is controversial. First, various symptoms, such as dysgeusia, loss of appetite, delayed wound healing, anemia, and resistance to erythropoiesis-stimulating agents, are often not fully improved even after Zn supplementation when the serum Zn levels are normalized. Second, Zn overload poses a risk of Zn-excess-induced Cu deficiency leading to serious complications such as pancytopenia, myelopathy, or subacute associated spinal cord degeneration [12, 13].
In addition to these facts, there was no consensus to confirm the usefulness of correcting serum Zn levels to normal range in all patients undergoing hemodialysis. Correcting serum Zn levels to normal range might not be necessary in patients undergoing hemodialysis, as in the case of serum phosphate. Thus, we need to rely on a few literatures about patients undergoing hemodialysis. First, Nishime et al. suggest recommended safety ranges (Zn 41.3 ~ 78.3 μg/dL, Cu 66.5 ~ 96.5 μg/dL) in patients undergoing hemodialysis, in terms of causing no deficiency or over shoot in Zn and Cu [14]. Second, with reference to a report about oral Zn supplementation to patients undergoing hemodialysis, the erythropoietin responsiveness index seemed more effectively to be improved in the patients with serum Zn levels around 48 μg/dL [2]. Serum Zn level 48 μg/dL was similar to the cutoff value of the 1st decile group in this study. The cutoff value in our study did not contradict the past reports, suggesting it would be acceptable in clinical settings.
A recent study found that Zn supplementation prevented phosphate-induced vascular calcification in vitro and in vivo in animal models of aging and renal failure [3]. That study investigated primary human aortic vascular smooth muscle cells and klotho-hypomorphic (kl/kl), subtotal nephrectomy, and cholecalciferol-overload mouse calcification models. They discovered that zinc sulfate (ZnSO4) treatment in cultured vascular smooth muscle cells blunted phosphate-induced calcification, osteo-/chondrogenic signaling, and NF-κB activation. They identified that ZnSO4 increased the abundance of zinc-finger protein TNF-α-induced protein 3 (TNFAIP3), a suppressor of the NF-κB pathway, by zinc-sensing receptor ZnR/GPR39-dependent upregulation of TNFAIP3 gene expression. In the klotho-hypomorphic (kl/kl), subtotal nephrectomy, and cholecalciferol-overload mouse calcification models, ZnSO4 supplementation inhibited aortic wall calcification. Their study suggests that Zn supplementation may prevent or ameliorate vascular calcification in ESKD patients. However, their study used animals with hypozincemia and hyperphosphatemia. In clinical settings, most patients undergoing hemodialysis are hypozincemic but only slightly hyperphosphatemic or even normophosphatemic because they are treated with phosphate-absorbent drugs. Theoretically, Zn supplementation may have limited effects on patients with normophosphatemia. Mechanisms other than phosphate-induced vascular calcification should be also considered.
Oxidative stress contributes to vascular calcification in CKD patients [4]. One possible mechanism is the antioxidative effect of superoxide dismutase Cu-Zn, a Zn-containing antioxidant, which must be increased to defend against oxidative stress that can lead to aortic valve degeneration. Martin-Rojas et al. reported that superoxide dismutase Cu-Zn was clearly increased in aortic valve samples from 20 patients who underwent aortic valve replacement [5]. Interestingly, some studies showed that Zn supplementation reduced oxidative stress in patients undergoing hemodialysis [15, 16].
The most common cause of death in patients undergoing hemodialysis is cardiovascular events such as heart failure, cerebrovascular events, and myocardial infarction [17]. AS is one of the most important causes of heart failure, sudden death, and severe hypotension during adverse hemodialysis events such as disdialysis syndrome. AS is more prevalent and progresses 2–5 times faster in patients with ESKD than in non-CKD patients because of severe vascular calcification characteristic of patients with ESKD [18, 19]. Aortic valve calcification in patients with ESKD is reported to accelerate with age, dialysis vintage, diabetes, serum calcium-phosphorus products, hypertension, and calcium supplementation [6–8]. However, whether hypozincemia accelerates aortic calcification and AS progression remains unknown. Our results might suggest that severe hypozincemia could be associated with AS prevalence.
Our study had several limitations. First, because this study was cross-sectional, no causal relationship could be confirmed between hypozincemia and AS incidence. Second, there may have been some unmeasured confounding factors affecting serum Zn level, AS progression, or vascular calcification. Malnutrition seems to be related with aortic calcification and zinc deficiency among patients undergoing hemodialysis [20, 21]. Although serum albumin was adjusted, we cannot deny such relation may interfere with our analysis. Serum C-reactive protein (CRP) is also reported to be another confounding factor [22]. In our facility, we did not measure serum CRP levels routinely in all patients undergoing hemodialysis and could not show them in this study. So, we substitute them for serum ferritin levels which could reflect chronic inflammation status. Third, this study enrolled patients undergoing hemodialysis in a single center. Thus, the number of patients in our study was too small to fully optimize the statistical power in multivariable analyses. Because the small number of patients limited the statistical power, multi-institutional joint research should be considered in the future. Last but not least, the cutoff value of serum Zn levels “1st vs 2nd to 10th deciles” might be somewhat arbitrary, although it did not contradict the past reports. To make consensus on the serum Zn level of hypozincemia to be harmful for patients undergoing dialysis, more studies should be needed in the future.
Although our study has several limitations, this is a first cross-sectional report about the association between hypozincemia and AS prevalence in patients undergoing hemodialysis and potentially interesting in the absence of effective therapies for resolving vascular arteriosclerosis and calcification in CKD patients.
Conclusion
AS was more prevalent in patients undergoing hemodialysis with severe hypozincemia in our cross-sectional study, although interventional studies are required to elucidate the benefit of zinc supplementation for AS progression.
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