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Background and aims: Children with spinal muscular atrophy (SMA) have a high rate of dyslipidaemia, which is a risk factor of vital importance for cardiovascular diseases in adulthood. Studies have demonstrated that the serum zinc level is associated with lipid profiles in the general population as well as in individuals diagnosed with obesity or diabetes. The purpose of this study was to evaluate the relationship between serum zinc level and lipid profiles in children with SMA.

Methods: This cross-sectional study was launched in a tertiary children's medical center in China and involved pediatric patients with SMA under the management of a multidisciplinary team of outpatient services from July 2019 to July 2021. Anthropometric information, general clinical data, serum zinc level, lipid profiles, and body composition data were collected. Multivariate analysis was used for a thorough inquiry on the association between the serum zinc level and lipid profiles.

Results: Among the 112 patients with SMA [median (IQR) age 5.54 years (2.75–8.29), 58.04% female], who fulfilled the inclusion criteria of the study, dyslipidaemia was detected in 60 patients (53.57%). Based on multivariable linear regression, serum zinc level was positively associated with high-density lipoprotein cholesterol (HDL-C; β = 1.63, 95% CI = 0.44–3.22) and apolipoprotein A1 (APO A1; β = 2.94, 95% CI = 0.03–5.85) levels, independently of age, sex, type, activity, percentage of body fat, and body mass index. As the serum zinc level increased by 10 μmol/L, the risk of low APO A1 levels decreased by 35% (OR = 0.65, 95% CI = 0.44–0.97) according to multivariable logistic regression analyses.

Conclusion: Serum zinc concentration was positively correlated with HDL-C and APO A1 levels among children with SMA. We suggest measures to correct the lower level of serum zinc to improve HDL-C and APO A1 levels.
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Introduction

Spinal muscular atrophy (SMA) is a rare genetic neuromuscular disease with an autosomal recessive inheritance pattern. The most common type is 5qSMA, which is caused by a homozygous mutation or deletion in the survival motor neuron 1 gene positioned on chromosome 5q11.2–q13.3 (1). The worldwide incidence of SMA is ~1/10,000 live births, and the carrier frequency is 1/42 in the Chinese population (2, 3). SMA manifests as progressive muscle weakness and atrophy resulting from motor neurons' pathological degeneration in the anterior horn of the spinal cord, which is often accompanied by organ damage in the respiratory, digestive, and skeletal systems (4).

In recent years, drug treatment for SMA has achieved unprecedented progress (5). Despite medication development, experts have unanimously pointed out that SMA standardized treatment and individualized management always require the cooperation of a patient-centered multidisciplinary team and that nutrition management is indispensable (6, 7). Over the last few years, research in SMA nutrition has focused mainly on evaluating the nutritional status, body composition, dietary intake, bone health, and individual energy demand (8, 9). Moreover, recent literature has described metabolic abnormalities in SMA, of which dysregulation of the lipid profiles is the first and most frequently studied issue (10–12). Studies on lipid metabolism in patients with SMA have confirmed abnormal levels of fatty acid oxidative metabolites and increased susceptibility to dyslipidaemia (11, 13).

Prevention and treatment of dyslipidaemia is a challenging clinical issue. The therapeutic management of childhood dyslipidaemia mainly consists of lifestyle adjustment, emphasizing suitable dietary patterns, and increased physical activity for early prevention of atherosclerosis and coronary artery diseases (14–16). However, in children with SMA, improvement through exercise is more difficult because of motor dysfunction.

Zinc is considered one of the essential micronutrients for the human body and plays a significant role in the metabolism of lipids, proteins, and carbohydrates (17). Studies have shown that individuals with an inordinate amount of body fat have lower serum zinc levels (18). Research shows that, in comparison with the general population, patients with SMA often have a decreased fat-free mass and an increased fat mass (19). However, little research has been conducted on serum zinc levels in patients with SMA. It has been implied that zinc insufficiency may disrupt the energy generation process, and thus adipose tissue is shaped (17). Under conditions of low blood zinc level, lipid management is impaired, causing a rise in triglycerides (TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C), as well as a decrease in high-density lipoprotein cholesterol (HDL-C) levels in adults, which in turn leads to obesity, metabolic syndrome, and diabetes (20–23). Zinc supplementation can improve blood lipid levels, thus reducing morbidity and mortality associated with cardiovascular diseases (24).

This study was designed to explore the potential relationship between serum zinc level and lipid profiles in children with SMA and provides new treatment strategies for reducing the incidence of dyslipidaemia.



Materials and methods


Subjects and study design

This cross-sectional study was prospectively carried out in an outpatient department of our hospital from July 2019 to July 2021. The inclusion criteria were as follows: (1) diagnosis of 5qSMA by genetic testing; (2) age < 18 years; (3) provision of consent to take part in this study. Those who met the following criteria were excluded: (1) concomitant presence of any other disease or a recent acute medical history; (2) a history of spinal fusion surgery or the presence of metal surgical implants in the body; and (3) having received disease-modifying treatment. Ethical approval was obtained from the Ethics Committee of the Children's Hospital of the Zhejiang University School of Medicine (2019-IRB-171). Written informed consent was acquired from the participants and their guardians. The selection procedure is illustrated in Figure 1; a total of 112 patients were finally included.
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FIGURE 1
 Flow chart showing patient selection.




Measurements of exposures (independent variables)

Quantitative analyses of serum zinc levels were performed utilizing a multichannel atomic absorption spectrophotometer-MB5 (Beijing Persee General Instrument Company Limited, Beijing, China).



Study outcomes (dependent variables)

Blood samples for lipid tests were collected under fasting conditions. Serum TG, TC, APO A1, APO B, HDL-C, and LDL-C levels were measured using an automatic biochemical analyser (Beckman Coulter Inc., USA). The cut-off points for lipids recommended by the National Cholesterol Education Program were as follows: LDL-C ≥130 mg/dl, TG ≥100 mg/dl (0–9 years), TG ≥130 mg/dl (10–19 years), TC ≥200 mg/dl, HDL-C <40 mg/dl, APO B ≥110 mg/dl, and APO A1 <115 mg/dl (25).



Covariates

The covariates in this study included age, sex, body mass index (BMI), disease classification, activity, and percentage of body fat. Anthropometric data were collected by professionally trained clinical research coordinators. Body weight was measured using a lever scale (electronic scale for babies) with an accuracy of 50 g. Height was measured using a baby height-measuring board for children under 2 years old and a height-measuring instrument with an accuracy of 0.1 cm for patients over 2 years old. When the patient could not stand, the height was replaced by the arm span. The BMI was computed as the ratio of weight to height squared (kg/m2).

Disease classification was performed according to the maximum athletic ability achieved. The degree of activity was based on currently achievable athletic ability. Fat mass was obtained by an InBody S10 body composition analyser (Biospace, Seoul, Korea). This assessment was carried out after at least 8 h of fasting with the patients in a sitting posture with the legs set apart and arms not touching the torso. The fat mass divided by the body weight was used as the percentage of body fat.



Statistical analysis

Quantitative variables are described as median with range (quartile) or mean ± standard deviation, and frequencies with percentages are used to describe binary variables. The serum zinc level cut-off was taken as 75 μmol/L. We divided the patients into two groups based on their serum zinc median level. To compare the differences between the two groups, we used chi-square tests or Fisher's exact test for categorical variables and Student's t-test or the Mann–Whitney U-test for quantitative variables. Moreover, logistic and linear regression models were applied to analyse the association between the serum zinc level and lipid profiles adjusted for major covariates, including age, sex, BMI, disease classification, activity, and percentage of body fat (univariate and multivariate analyses). Multiple imputations with chained equations accounted for the missing data on the percentage of body fat. Statistical software packages R (http://www.R-project.org, The R Foundation) and Empowerstats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA, USA) were utilized to perform the analyses mentioned above.




Results


Clinical characteristics of patients

A total of 112 participants (65 women and 47 men) were enrolled: 16 with type I, 57 with type II, and 39 with type III SMA. The baseline characteristics of the study participants, divided by the median serum zinc level, are shown in Table 1. No differences were observed in sex, activity, BMI, or percentage of body fat (all P < 0.05), whereas differences in the age and types of SMA between the two groups (all P > 0.05) were found to be significant. Over half (53.57%) of the patients with SMA tested positive for at least one out of the six indicators for laboratory-defined dyslipidaemia (Table 1). The prevalence of abnormal TC, LDL-C, HDL-C, TG, APO A1, and APO B levels ranged from 4.46 to 25.90%. We found that TG, HDL-C, and APO A1 levels in the two groups were significantly different (i.e., serum zinc levels increased with a decrease in TG and an increase in HDL-C and APO A1 levels).


TABLE 1 Baseline characteristics of the study participants by the median level of serum zinc.
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Univariate analysis related to lipid profiles

To identify factors related to lipid profiles, we set each of the candidates as independent variables while using lipid profiles as the dependent variable (Table 2). Univariate analysis showed that age (β = −2.79, 95% CI = −4.55 to −1.03), activity (sitters vs. non-sitters: β = −25.68, 95% CI = −50.59 to −0.77), SMA type (type 2 vs. type 1: β: −26.90, 95% CI = −52.39 to −1.41), and zinc level (β = −0.63, 95% CI = −1.17 to −0.09) were associated with TG level. Zinc level was associated with HDL-C (β = 0.16, 95% CI = 0.04–0.29) and APO A1 (β = 0.28, 95% CI = 0.05–0.51) levels.


TABLE 2 Univariate analysis related to lipid profiles.
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Independent relationship between serum zinc level and lipid profiles by multivariable linear and logistic regressions

We employed multivariable logistic regression analysis to demonstrate the association between serum zinc levels and dyslipidaemia (Table 3). The crude model analysis indicated that an increase of 10 μmol/L in serum zinc concentration was accompanied by a 36% decrease in the risk of an APO A1 level <115 mg/dl (OR = 0.64, 95% CI = 0.46–0.89). Further adjustment for age, sex, SMA type, activity, BMI, and percentage of body fat had little impact on the odds ratios of an APO A1 level <115 mg/dl (OR = 0.65, 95% CI = 0.44–0.95). In the crude model, elevated serum zinc levels reduced the risk of TG, HDL-C, LDL-C, and APO B dyslipidaemia, whereas, in models 1 and 2, the association was not significant (crude model; Models 1 and 2 in Table 3).


TABLE 3 Multivariable logistic regression between serum zinc and dyslipidaemia.
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We also used multivariable linear regression analysis to determine the association between the levels of serum zinc and lipid profiles (Table 4). In the crude model, serum zinc levels positively correlated with HDL-C (β = 1.63, 95% CI = 0.37–2.88) and APO A1 (β = 2.76, 95% CI = 0.48–5.05). After full adjustment, an increase of 10 μmol/L in serum zinc level led to a 1.63 mg/dl and 2.94 mg/L elevation in serum HDL-C (β = 1.63, 95% CI = 0.44–3.22) and APO A1 (β = 2.94, 95% CI = 0.03–5.85) levels, respectively (Table 4). In the crude model, serum zinc and TG levels were negatively correlated, whereas, in Models 1 and 2, the association was not significant. No linear association was observed between serum zinc and LDL-C, TC, or APO B levels (Table 4).


TABLE 4 Multivariable linear regression about serum zinc and lipid profiles.
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Discussion

This study, to the best of our knowledge, is the first study in this field to explore the association between serum lipids and serum zinc levels in children with SMA by adjusting for the effects of as many covariates as possible. Through the study, it was found that in our children patients with SMA, their serum lipid indicators level of them has different degrees of abnormality. Through the further detailed statistical analysis, we found that low serum zinc levels were significantly correlated with low levels of HDL-C and APO A1, which could provide a practical basis for further exploration of the influencing factors of lipid metabolism of SMA and management strategies for related complications.

Emerging studies have identified metabolic dysfunctions in patients with SMA, including lipid metabolic abnormalities, impaired glucose tolerance, and muscle mitochondrial defects (11, 12, 26). Studies have mostly focused on metabolic disorders involving fatty acid oxidation; however, some isolated studies have improved our understanding of fat metabolism. In a cohort study in Canada by Deguise et al. (13), the current prevalence of dyslipidaemia in 72 patients with SMA (16 with type 1, 52 with type 2, and 6 with type 3) was estimated to be 37.5%. Djordjevic et al. (26) determined the serum lipid profiles of 22 children with SMA type 2 and 15 with SMA type 3 and found 11 children (29.7%) with at least one indicator of abnormal lipid levels. Our study showed a higher incidence of dyslipidaemia (53.6%) than the previous two. This difference may be due to our larger sample size and the inclusion of APO A1 abnormalities in dyslipidaemia; 13% of the patients had over three laboratory-defined indicators of dyslipidaemia, similar to the prevalence reported in the cohort from Canada (14%) (13). In view of the large sample size and consistent results of the Canadian study with ours, we estimate that dyslipidaemia is an important yet undervalued feature of SMA. Dyslipidaemia can further complicate clinical conditions, leading to non-alcoholic fatty liver disease, cirrhosis, and cardiovascular and cerebrovascular diseases in adolescence and adulthood (14). Routine screening and management of SMA in patients with dyslipidaemia are necessary to reduce potential complications.

Zinc, an essential trace element and micronutrient, plays a pivotal role in human growth and development and participates in various physiological processes (17). The total prevalence of zinc deficiency in the general pediatric population is ~20%. There are still very few studies that have determined the dietary intake of zinc and serum zinc levels in patients with SMA. Our previous study confirmed that the frequency of insufficient zinc intake was 83.3% (27). Additionally, studies have consistently reported an increased fat mass and decreased fat-free mass in patients with SMA compared with healthy control subjects (28–30). Excess body fat conduces to increased cortisol synthesis and inflammation, which in turn induces Zip14 and metallothionein expression, causing a decrement in plasma zinc levels (21). Indeed, many studies have confirmed the lower levels of serum zinc in individuals who are overweight and who have obesity and diabetes (20, 21, 31).

Recently, researchers have also extended the correlation between zinc and blood lipid metabolism in the general population, adiposity, and patients with diabetes. However, these results remain controversial. No association (neither linear nor non-linear) was found between serum zinc levels and the risk of dyslipidaemia in participants in a National Health and Nutrition Examination Survey (32). A study by Rios-Lugo et al. (20) did not show any association between zinc concentration and cholesterol or TG levels in patients who were overweight and obese. In contrast, some studies demonstrated that serum zinc level was inversely associated with blood lipid levels (LDL, TG, and TC) and positively associated with HDL-C level in patients with diabetes type 1 or 2 (22, 23). In this study of 112 individuals with SMA, the association between zinc and APO A1/HDL-C levels was linear; that is, as the serum zinc level increases by 10 μmol/L, the HDL-C, and APO A1 levels will correspondingly increase by 1.63 and 2.95 mg/dl, respectively. It is also shown in this study that every 10 μmol/L increase in serum zinc level is associated with a 35% decrease in the incidence of APO A1 dyslipidaemia. However, in this model, the association between zinc levels and those of TC, LDL-C, TG, or APO B was not significant.

HDL-C and its main protein component, APO A1, play important roles in cholesterol homeostasis. The general functions of HDL-C and APO A1 are plasma-cholesterol transport, anti-inflammatory properties, and protection from oxidative damage. Low HDL-C and APO A1 levels are associated with the development of atherosclerosis (33). Patients with type III SMA who have entered adulthood may also experience coronary heart disease symptoms, such as angina pectoris, palpitations, syncope, and exertional dyspnoea (34). With the advent of targeted drugs for SMA, the lifespan of patients with SMA will be prolonged, and cardiovascular disease may probably become more prominent. Improving HDL-C level may contribute to reducing the incidence of coronary heart diseases in adults with SMA.

The potential mechanism through which zinc affects the lipid profile is still unclear. However, it has been proved that the biological mechanism of zinc involves lipid metabolism, suppression of reactive oxygen species production, and reduction in oxidative stress (17, 35). Therefore, appropriate zinc concentration may be essential for maintaining normal lipid levels. A meta-analysis has initially revealed that supplementation of zinc can increase HDL-C and reduce TC, LDL-C, and TG levels (24). Another review pointed out that zinc is an indispensable factor in regulating zinc alpha 2-glycoprotein (ZAG) homeostasis, which is considered an adipokine with anti-inflammatory and lipid-mobilizing activity (17, 18). Appropriate blood zinc concentrations are also relevant in maintaining appropriate ZAG activity as zinc facilitates the binding of adipokines to substrates, promoting lipolysis and lipid utilization (36). Tisdale et al. (37) demonstrated that ZAG could induce lipolysis both in vivo and in vitro by regulating triacylglycerol hydrolysis and free fatty acid release through signal transduction modulation in adipose tissue. A high level of ZAG can also increase HDL-C level in vivo, thereby participating in blood lipid metabolism (38). Combined with the above previous studies, the conclusion of our study preliminarily suggests that an appropriate increase in blood zinc levels in patients with SMA may help to regulate levels of blood lipids, providing evidence for the daily management of metabolism in children with SMA and for the research on the regulation mechanism of lipid metabolism in the future.

Our study had several limitations. First, as it was a cross-sectional observational survey, the cause– or time–effect relationships between serum zinc and lipid levels could not be clarified. Moreover, 42% of the patients did not complete BIA, and the accuracy of body composition analysis using BIA was not determined. However, we used multiple imputations with chained equations to account for the missing data on the percentage of body fat. We have adjusted for probability variables that may influence the result concerning the association between serum zinc and lipid levels. The results of the multivariable linear and logistic regressions were consistent, which further confirmed the relationship between zinc, HDL-C, and APO A1.



Conclusion

Our findings show that among patients with SMA, low serum zinc level is frequent and associated with low levels of HDL-C and APO A1. Therefore, restored serum zinc levels may reduce the incidence of low HDL-C and APO A1 levels. Further studies are warranted to explore strategies to help reduce potential related complications of SMA.
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