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摘  要 

在全球范围内，儿童及青少年近视已经成为现代社会人们十分关注的一个公共卫生问题，目前延缓近视

进展的方式多种多样如药物治疗、光学矫正及屈光手术治疗等。本文主要对近年来药物防控儿童及青少

年近视的相关研究进行综述。 
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Abstract 
On a global scale, myopia in children and adolescents has become a public health issue of great 
concern in modern society. Currently, there are various ways to delay the progression of myopia, 
such as medication, optical correction, and surgical treatment. This article mainly reviews the re-
levant research on medicine prevention and control of myopia in children and adolescents in re-
cent years. 
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1. 引言 

近年来，近视眼的发病率逐年上升并呈现低龄化趋势，且在学龄期儿童中，发病年龄越小，越容易

发展为高度近视[1]。近视眼已经成为现代社会人们十分关注的一个公共卫生问题，若不能及时加以干预

控制，随着眼轴的增长，视网膜和脉络膜发生退行性改变，有可能导致严重的眼部病理变化如视网膜脱

离、黄斑出血等，甚至失明[2]。近视眼给患者带来身心危害的同时还给个人、国家带来沉重的经济负担。 

2. 毒蕈碱受体阻滞剂(M 受体阻滞剂) 

2.1. 阿托品 

阿托品作为一种非选择性 M 受体阻滞剂，在临床中已经证实是一种能够有效延缓近视进展的药品

[3]。但目前其防控近视的机制尚未定论。其中最早期的学者认为阿托品是通过使睫状肌松弛，缓解调节

来实现延缓近视进展[4]。而近年来，一系列动物实验发现阿托品在通过调节机制控制近视进展中的作用

十分有限[5]。而 McBrien [6]等向单眼丧失视力的小鸡的玻璃腔内分别注射阿托品与生理盐水后发现注射

阿托品的小鸡轴向长度的减少主要是玻璃体腔伸长减少的结果。且在玻璃腔内注射阿托品不会减少卡巴

胆碱诱导的调节或光照诱导的瞳孔收缩。所以阿托品可以通过非调节机制有效抑制小鸡的近视。

BARATHI VA等[7]向实验诱导近视的小鼠的结膜下注射 1%硫酸阿托品 4 周后通过实时荧光定量 PCR 发

现，阿托品治疗后近视巩膜中 M1、M3 和 M4 的 mRNA 表达上升，但 M2 和 M5 变化不大。说明阿托品

作为 M 受体阻滞剂在人体中涉及防控近视可能与拮抗睫状肌上的 M1、M3 和 M4 受体有关。此外，近视

发生的机制可能与巩膜组织重塑有关，随着近视的发展，巩膜中成纤维细胞增殖减慢，ECM 蛋白和胶原

酶下调，从而减少人类和灵长类动物眼睛中的 I 型胶原蛋白和糖胺聚糖(GAGs)，胶原蛋白下调导致巩膜

早期组织丢失和变薄[8] [9]。而一些动物实验发现阿托品在干预小鼠[7]与小鸡[10]近视进展期间发现巩膜

纤维层变厚而软骨层变薄。从而抑制眼球增长，延缓近视进展。因此，阿托品对于巩膜形态学的控制在

延缓近视进展中也可能起着重要作用[7] [10]。其他机制学说还包括：阿托品可能与抑制褪黑素降解[11]
有关，GABA 信号传导可能参与了阿托品的抑制近视作用[12]等。 

因此，阿托品控制近视进展并不是通过单一受体或者单一通路发挥作用，而是多受体，多水平，多

途径相互作用的复杂机制。其确切机制目前仍未确定，仍需要广大学者进一步探索。 
在全球范围内，特别是亚洲地区，阿托品作为防控近视进展的药物在临床上已得到广泛的应用。在

新加披的一项临床对照研究中(ATOM)对 6 到 10 岁的亚洲近视儿童应用 1%阿托品，结果发现 1%阿托品

能够有效延缓低度及中度近视的进展，但副作用较大，包括睫状肌麻痹导致瞳孔散大及视近模糊[13]。
SONG YY [14]等进行的一项临床对照研究的荟萃分析证实阿托品有效控制近视进展的浓度在 0.1%~1%，

且浓度越高，控制近视进展的效果越好。Chia 等[15]的 ATOM2 试验选择了更低浓度阿托品(0.5%、0.1%、

0.01%)，其近视进展分别为(−0.30 ± 0.6) D、(−0.38 ± 0.60) D、(−0.49 ± 0.63) D，对照组为(−1.20 ± 0.69) D，
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结果表明三种浓度阿托品在控制近视进展方面具有相当的疗效，但 0.01%阿托品不良反应最小。且在后

续第二阶段的停药回弹试验中[16]，0.5%和 0.1%浓度的阿托品表现出更大程度的近视回弹，而 0.01%浓

度的阿托品导致的近视回弹程度最少。ATOM2 第三阶段实验[17]则证实了在停止使用阿托品后出现近视

进展(至少一只眼屈光度增长 > 0.50 D)的儿童中，重新使用 0.01%浓度的阿托品仍然能够有效控制近视的

进展。Yam 等[18]在中国香港进行了一项为期两年的随机临床试验(低浓度阿托品治疗近视进展(LAMP)
研究)，第一阶段在 4~12 岁儿童中使用 0.01%、0.025%以及 0.05%浓度的阿托品滴眼液 12 个月，结果显

示，三种浓度阿托品均可有效控制近视进展，且呈浓度依赖性，其中以 0.05%浓度阿托品控制近视进展

最有效，对受试者日常生活也无明显不良影响。第二阶段[19]将第一阶段安慰剂组儿童从第二年随访开始

时转为接受 0.05%阿托品。结果显示在 2 年内，观察到的 0.05%浓度的阿托品的疗效是 0.01%浓度阿托品

的两倍，并且仍然是所研究的阿托品浓度中减缓近视进展的最佳浓度。Hieda 等[20]在日本地区进行的一

项研究显示 0.01%阿托品的依从性好，对预防儿童近视进展有效且安全。因此，对于阿托品控制近视进

展的使用计量、最佳浓度尚未统一结论，仍需要进一步的研究。 

2.2. 哌仑西平 

哌仑西平是一种相对选择性毒蕈碱受体拮抗剂，且仅作用于眼内 M1 及 M4 受体，故受 M3 受体控制

的瞳孔扩大及睫状肌麻痹的副作用并不明显[21]，TAN 等[21]和 Siatkowski 等[22]分别进行了为期 1 年和

2 年的临床研究，结果显示 2%哌仑西平凝胶在治疗期内减缓近视的进展是有效，主要的副作用包括轻度

到中度睫状肌麻痹、畏光、弥散、结膜过敏和调节功能障碍。并且 Arumugam 等[23]在哺乳动物(树鼩)
实验中发现了较明显的胃肠道反应。目前，哌仑西平在临床实验中并未发现明显的不良反应。但还需长

期的，大样本量的研究来证明哌仑西平的有效性及安全性。 

3. 腺苷受体拮抗剂 

7-甲基黄嘌呤(7-MX)作为非选择性的腺苷受体(ADAR)拮抗剂，是咖啡因和可可碱的代谢产物，有研

究发现 ADAR 能够增加巩膜后部胶原蛋白浓度和胶原纤维直径[24]，即能够以增加了巩膜后部强度并有

望降低眼轴增速。Trier 等[25]进行的一项临床研究结果显示 7-MX 能够有效减缓近视的进展，未发现明

显的不良反应，并且口服的给药方式依从性更好。而在 Trier 等最新研究中表明口服 7-MX 与近视进展减

少和轴向伸长减少有关。且未发现不良反应，但需要随机对照试验来确定这种关联是否具有因果关系[26]。
7-MX 虽然在全球范围内，已有国家进行了临床实验，在控制近视方面未来有着很大潜力。但目前并没有

相关药物正式上市用于临床治疗。 

4. 降眼压药 

很早以前就有学者提出眼压的增加与屈光不正、IOP 增加与眼轴长度呈正相关[27]。蔡晓静等也发现

葛根素能够延缓近视的进展。因此推测葛根素可能是通过降低眼内压从而抑制眼球扩张延缓近视进展的

[28]。而马来酸噻吗洛尔在人体[29]和小鸡[30]实验中都表明未发现有明显延缓近视的作用。Liu 等在对于

豚鼠的研究中发现，单独使用 0.1%溴莫尼定和单独使用 0.2%溴莫尼定以及与 2%哌仑西平联合治疗可有

效抑制近视[31]。且 Yang 等研究给药途径中发现玻璃体内注射溴莫尼定对于 FD 豚鼠减缓近视进展的最

有效[32]。此外，也有部分研究[33] [34]显示拉坦前列素对于豚鼠近视的进展有明显作用。高峻[35]进行

了一项卡替洛尔联合阿托品控制近视的临床研究，结果表明两药联合使用能够明显改善青少年近视情况。

目前，降眼压药控制近视进展的机制尚不明确，需要进一步研究，但豚鼠实验的结果让延缓近视进展的

方式多了一种可能。 
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5. 多巴胺类药物 

早期研究就表明，视网膜中 DA 的含量与近视的发展有关。Stone 等[36]发现 FDM 小鸡视网膜多巴

胺的减少仅在光适应期间很明显，并且伴随着多巴胺生物合成速率的降低。Weiss 等[37]也提出 DA 的含

量呈现处昼夜规律，昼多夜少，小鸡 FDM 会引起白天的 DA 减少。一些针对哺乳动物的研究[38] [39] [40]
也表明了 DA 的含量与近视的发展有着一定的关系。Thomson 等[41] [42]研究表示向 FDM 小鸡的玻璃腔

内注射左旋多巴能够有效抑制小鸡近视进展，并且联合卡比多巴使用能够增加左旋多巴的利用率从而增

强其延缓近视的效果。阿扑吗啡(apomorphine)作为非选择性多巴胺受体激动剂在动物实验中也表明对近

视的进展有控制效果[43] [44] [45]。此外，包括 2-氨基-6,7-二羟基-1,2,3,4-四氢萘氢(2-amino-6,7-dihydroxy- 
1,2,3,4-tetrahydronaphthalene, ADTN) [43]、D1 激动剂(SKF38393) [46]以及喹吡罗[47] [48] [49]等在动物实

验中都表现出了控制近视进展的潜力。但其确切的机制尚需进一步的研究。 

6. 胆碱能通路类药物 

胞磷胆碱(Citicoline)是合成 Ach 途径中胞苷 5-二磷胆碱(cytidine 5-diphosphocholine)的外源性药物形

式，常被用作治疗神经系统疾病、弱势及青光眼[50]。在其治疗弱势和青光眼后，视觉功能改善的一部分

原因可能就与胞磷胆碱能够刺激 DA 通路，提高视网膜上 DA 水平有关。Rejdak 等[51]向兔子腹腔内注射

胞磷胆碱(50 mg/kg，每日两次)，共七天。发现 DA 水平明显升高。MAO 等[52]在 FDM 豚鼠腹腔中注射

胞磷胆碱后发现能有效延缓 FDM 豚鼠的近视进展。为近视防控增加一项新的可能，但目前胞磷胆碱控制

近视进展的机制尚不清楚，且尚无临床实验研究证明其有效性。 

7. 核黄素及紫外线(UVA 波段)联合治疗 

核黄素及 UVA 联合治疗主要被用于圆锥角膜[53]，其通过使巩膜胶原交联以提升巩膜强度，延缓近

视进展。在动物实验中，对于因巩膜胶原减少的近视有着不错的效果[54] [55]。然后长时间接受 UVA 入

侵性照射可能引起光损伤，因此，服用核黄素以及增加户外运动以延长太阳光暴露时间，对近视进展可

能也有延缓作用。但目前尚无相关临床研究来评估巩膜交联后的强度能否延缓近视进展。 

8. 其他类药物 

药物防控近视是当下热点，目前还有许多药物在实验阶段。有研究表明慢性炎症可能与近视存在某

种关联，一项对幼年慢性关节炎(JCA)患者 26 年的随访显示，这些患者中近视屈光不正的比例高于对照

组，并解释了可能与结缔组织强度变弱有关[56]。一些炎症介质包括白细胞介素-6 (IL-6)、肿瘤坏死因子-α 
(TNF-α)、C-Fos、核因子 κB (NF-κB)在近视仓鼠中的水平上升，经过免疫抑制剂的治疗后，仓鼠近视发

展速度减缓，而使用炎症刺激剂后仓鼠近视出现了明显的进展[57]。这表明，慢性炎症与近视进展有着较

强的相关性。前文提到了阿托品防控近视与褪黑素降解有关[11]，Wang 等[58]将豚鼠随机分为白光(对照

组)、绿光组(530 nm)和蓝光组(480 nm)组。每天测量两次松果体褪黑激素水平。发现绿光下长大的豚鼠

松果体褪黑素水平明显较高，而在蓝光下长大的豚鼠褪黑素水平下降，而在绿光下长大的豚鼠出现了更

多的屈光不正，推测可能是因褪黑素过多，眼睛生长过快导致。而另一项关于雏鸡的实验则表明褪黑素

能够显著影响前房和玻璃体腔深度以及脉络膜的厚度并参与了眼部生长昼夜节律的调节[59]。但其确切机

制尚不明确，且尚无相关临床实验，仍需进一步的研究。 
此外，包括酮咯酸氨丁三醇、一氧化氮、碘化二乙氧膦酰硫胆碱(echothiophate iodide)以及生长因子

等大量药物尚处在实验初级阶段，需要更多的，大样本的动物以及临床实验加以证明和评估其防控近视

的潜力。 
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9. 总结 

综上，随着儿童及青少年近视人口的快速增加，高度近视带来的威胁也会越来越多，近视防控已然

成为人们所关注的重点，也是当下的热门研究主题。目前，低浓度的阿托品是现阶段研究防控近视最有

效且安全的药物手段，且联合光学治疗能提高效果及患者依从性，但针对个体化的给药剂量、用药时间

尚无统一定论。其余药物尚处在动物实验阶段，或者有少量的临床研究。且大量动物实验的给药方式为

玻璃腔注射，若作为常规临床实验方式，患者依从性差，效果不理想。如今近视的发生机制还不明确，

全球范围内，对于近视的防控还存在地域及种族差异，因此需根据不同个体，制定个性化的，联合多种

治疗方式(光学治疗，手术治疗等)的治疗方案。还要充分考虑环境因素，如增加户外互动时间或减少近距

离视物时间。以此在确定安全性的情况下尽可能延缓儿童及青少年的近视进展。在今后的研究中，应着

力于明确近视机制，探索更多可能的药物，注重各治疗方式的联合使用及其长期使用的安全性及有效性

的评估，为临床上防控儿童及青少年近视提供更多安全有效的方案。 

参考文献 
[1] Braun, C.I., Freidlin, V., Sperduto, R.D., et al. (1996) The Progression of Myopia in School Age Children: Data from 

the Columbia Medical Plan. Ophthalmic Epidemiology, 3, 13-21. https://doi.org/10.3109/09286589609071597 
[2] Elnahry, A.G., Khafagy, M.M., Esmat, S.M., et al. (2019) Prevalence and Associations of Posterior Segment Manife-

stations in a Cohort of Egyptian Patients with Pathological Myopia. Current Eye Research, 44, 955-962.  
https://doi.org/10.1080/02713683.2019.1606252 

[3] Huang, J., Wen, D., Wang, Q., et al. (2016) Efficacy Comparison of 16 Interventions for Myopia Control in Children: 
A Network Meta-Analysis. Ophthalmology, 123, 697-708. https://doi.org/10.1016/j.ophtha.2015.11.010 

[4] Morgan, I.G., French, A.N., Ashby, R.S., et al. (2018) The Epidemics of Myopia: Aetiology and Prevention. Progress 
in Retinal and Eye Research, 62, 134-149. https://doi.org/10.1016/j.preteyeres.2017.09.004 

[5] Upadhyay, A. and Beuerman, R.W. (2020) Biological Mechanisms of Atropine Control of Myopia. Eye & Contact 
Lens, 46, 129-135. https://doi.org/10.1097/ICL.0000000000000677 

[6] Mcbrien, N.A., Moghaddam, H.O. and Reeder, A.P. (1993) Atropine Reduces Experimental Myopia and Eye Enlarge-
ment via a Nonaccommodative Mechanism. Investigative Ophthalmology & Visual Science, 34, 205-215. 

[7] Barathi, V.A. and Beuerman, R.W. (2011) Molecular Mechanisms of Muscarinic Receptors in Mouse Scleral Fibrob-
lasts: Prior to and after Induction of Experimental Myopia with Atropine Treatment. Molecular Vision, 17, 680-692. 

[8] Avetisov, E.S., Savitskaya, N.F., Vinetskaya, M.I., et al. (1983) A Study of Biochemical and Biomechanical Qualities 
of Normal and Myopic Eye Sclera in Humans of Different Age Groups. Metabolic, Pediatric, and Systemic Ophthal-
mology, 7, 183-188. 

[9] Rada, J.A., Nickla, D.L. and Troilo, D. (2000) Decreased Proteoglycan Synthesis Associated with Form Deprivation 
Myopia in Mature Primate Eyes. Investigative Ophthalmology & Visual Science, 41, 2050-2058. 

[10] Gallego, P., Martínez-García, C., Pérez-Merino, P., et al. (2012) Scleral Changes Induced by Atropine in Chicks as an 
Experimental Model of Myopia. Ophthalmic and Physiological Optics, 32, 478-484.  
https://doi.org/10.1111/j.1475-1313.2012.00940.x 

[11] Hsiao, Y.T., Chang, W.A., Kuo, M.T., et al. (2019) Systematic Analysis of Transcriptomic Profile of the Effects of 
Low Dose Atropine Treatment on Scleral Fibroblasts Using Next-Generation Sequencing and Bioinformatics. Interna-
tional Journal of Medical Sciences, 16, 1652-1667. https://doi.org/10.7150/ijms.38571 

[12] Barathi, V.A., Chaurasia, S.S., Poidinger, M., et al. (2014) Involvement of GABA Transporters in Atropine-Treated 
Myopic Retina as Revealed by ITRAQ Quantitative Proteomics. Journal of Proteome Research, 13, 4647-4658.  
https://doi.org/10.1021/pr500558y 

[13] Chua, W.H., Balakrishnan, V., Chan, Y.H., et al. (2006) Atropine for the Treatment of Childhood Myopia. Ophthal-
mology, 113, 2285-2291. https://doi.org/10.1016/j.ophtha.2006.05.062 

[14] Song, Y.Y., Wang, H., Wang, B.S., et al. (2011) Atropine in Ameliorating the Progression of Myopia in Children with 
Mild to Moderate Myopia: A Meta-Analysis of Controlled Clinical Trials. Journal of Ocular Pharmacology and The-
rapeutics, 27, 361-368. https://doi.org/10.1089/jop.2011.0017 

[15] Chia, A., Chua, W.H., Cheung, Y.B., et al. (2012) Atropine for the Treatment of Childhood Myopia: Safety and Effi-

https://doi.org/10.12677/acm.2024.143955
https://doi.org/10.3109/09286589609071597
https://doi.org/10.1080/02713683.2019.1606252
https://doi.org/10.1016/j.ophtha.2015.11.010
https://doi.org/10.1016/j.preteyeres.2017.09.004
https://doi.org/10.1097/ICL.0000000000000677
https://doi.org/10.1111/j.1475-1313.2012.00940.x
https://doi.org/10.7150/ijms.38571
https://doi.org/10.1021/pr500558y
https://doi.org/10.1016/j.ophtha.2006.05.062
https://doi.org/10.1089/jop.2011.0017


文星汉，方静 
 

 

DOI: 10.12677/acm.2024.143955 2148 临床医学进展 
 

cacy of 0.5%, 0.1%, and 0.01% Doses (Atropine for the Treatment of Myopia 2). Ophthalmology, 119, 347-354.  
https://doi.org/10.1016/j.ophtha.2011.07.031 

[16] Chia, A., Chua, W.H., Wen, L., et al. (2014) Atropine for the Treatment of Childhood Myopia: Changes after Stopping 
Atropine 0.01%, 0.1% and 0.5%. American Journal of Ophthalmology, 157, 451-457.E1.  
https://doi.org/10.1016/j.ajo.2013.09.020 

[17] Chia, A., Lu, Q.S. and Tan, D. (2016) Five-Year Clinical Trial on Atropine for the Treatment of Myopia 2: Myopia 
Control with Atropine 0.01% Eye Drops. Ophthalmology, 123, 391-399. https://doi.org/10.1016/j.ophtha.2015.07.004 

[18] Yam, J.C., Jiang, Y., Tang, S.M., et al. (2019) Low-Concentration Atropine for Myopia Progression (LAMP) Study: A 
Randomized, Double-Blinded, Placebo-Controlled Trial of 0.05%, 0.025%, and 0.01% Atropine Eye Drops in Myopia 
Control. Ophthalmology, 126, 113-124. https://doi.org/10.1016/j.ophtha.2018.05.029 

[19] Yam, J.C., Li, F.F., Zhang, X., et al. (2020) Two-Year Clinical Trial of the Low-Concentration Atropine for Myopia 
Progression (LAMP) Study: Phase 2 Report. Ophthalmology, 127, 910-919.  
https://doi.org/10.1016/j.ophtha.2019.12.011 

[20] Hieda, O., Hiraoka, T., Fujikado, T., et al. (2021) Efficacy and Safety of 0.01% Atropine for Prevention of Childhood 
Myopia in a 2-Year Randomized Placebo-Controlled Study. Japanese Journal of Ophthalmology, 65, 315-325.  
https://doi.org/10.1007/s10384-021-00822-y 

[21] Tan, D.T., Lam, D.S., Chua, W.H., et al. (2005) One-Year Multicenter, Double-Masked, Placebo-Controlled, Parallel 
Safety and Efficacy Study of 2% Pirenzepine Ophthalmic Gel in Children with Myopia. Ophthalmology, 112, 84-91.  
https://doi.org/10.1016/j.ophtha.2004.06.038 

[22] Siatkowski, R.M., Cotter, S.A., Crockett, R.S., et al. (2008) Two-Year Multicenter, Randomized, Double-Masked, Place-
bo-Controlled, Parallel Safety and Efficacy Study of 2% Pirenzepine Ophthalmic Gel in Children with Myopia. Journal of 
AAPOS, 12, 332-339. https://doi.org/10.1016/j.jaapos.2007.10.014 

[23] Arumugam, B. and Mcbrien, N.A. (2012) Muscarinic Antagonist Control of Myopia: Evidence for M4 and M1 Recep-
tor-Based Pathways in the Inhibition of Experimentally-Induced Axial Myopia in the Tree Shrew. Investigative Oph-
thalmology & Visual Science, 53, 5827-5837. https://doi.org/10.1167/iovs.12-9943 

[24] Trier, K., Olsen, E.B., Kobayashi, T., et al. (1999) Biochemical and Ultrastructural Changes in Rabbit Sclera after 
Treatment with 7-Methylxanthine, Theobromine, Acetazolamide, or L-Ornithine. British Journal of Ophthalmology, 83, 
1370-1375. https://doi.org/10.1136/bjo.83.12.1370 

[25] Trier, K., Munk Ribel-Madsen, S., Cui, D., et al. (2008) Systemic 7-Methylxanthine in Retarding Axial Eye Growth 
and Myopia Progression: A 36-Month Pilot Study. Journal of Ocular Biology, Diseases, and Informatics, 1, 85-93.  
https://doi.org/10.1007/s12177-008-9013-3 

[26] Trier, K., Cui, D., Ribel-Madsen, S., et al. (2022) Oral Administration of Caffeine Metabolite 7-Methylxanthine Is 
Associated with Slowed Myopia Progression in Danish Children. British Journal of Ophthalmology, 107, 1538-1544.  
https://doi.org/10.1136/bjo-2021-320920 

[27] Quinn, G.E., Berlin, J.A., Young, T.L., et al. (1995) Association of Intraocular Pressure and Myopia in Children. Oph-
thalmology, 102, 180-185. https://doi.org/10.1016/S0161-6420(95)31038-X 

[28] 蔡晓静, 朱煌, 冯彦青. 葛根素滴眼液对青少年近视眼的作用[J]. 中国中医眼科杂志, 2013, 23(5): 340-343. 
[29] Rosenfield, M. and Gilmartin, B. (1987) Beta-Adrenergic Receptor Antagonism in Myopia. Ophthalmic and Physio-

logical Optics, 7, 359-364. https://doi.org/10.1111/j.1475-1313.1987.tb00761.x 
[30] Schmid, K.L., Abbott, M., Humphries, M., et al. (2000) Timolol Lowers Intraocular Pressure but Does Not Inhibit the 

Development of Experimental Myopia in Chick. Experimental Eye Research, 70, 659-666.  
https://doi.org/10.1006/exer.2000.0834 

[31] Liu, Y., Wang, Y., Lv, H., et al. (2017) α-Adrenergic Agonist Brimonidine Control of Experimentally Induced Myopia 
in Guinea Pigs: A Pilot Study. Molecular Vision, 23, 785-798. 

[32] Yang, Y., Wu, J., Wu, D., et al. (2021) Intravitreal Brimonidine Inhibits Form-Deprivation Myopia in Guinea Pigs. Eye 
and Vision (London), 8, Article No. 27. https://doi.org/10.1186/s40662-021-00248-0 

[33] El-Nimri, N.W. and Wildsoet, C.F. (2018) Effects of Topical Latanoprost on Intraocular Pressure and Myopia Progres-
sion in Young Guinea Pigs. Investigative Ophthalmology & Visual Science, 59, 2644-2651.  
https://doi.org/10.1167/iovs.17-22890 

[34] Yang, J., Pan, M., Reinach, P.S., et al. (2018) Prostaglandin F2α Receptor Modulation Affects Eye Development in 
Guinea Pigs. Basic & Clinical Pharmacology & Toxicology, 123, 263-270. https://doi.org/10.1111/bcpt.13017 

[35] 高峻. 卡替洛尔联合阿托品治疗青少年近视的效果[J]. 中国城乡企业卫生, 2022, 37(12): 132-133. 
[36] Stone, R.A., Lin, T., Laties, A.M., et al. (1989) Retinal Dopamine and Form-Deprivation Myopia. Proceedings of the 

National Academy of Sciences of the United States of America, 86, 704-706. https://doi.org/10.1073/pnas.86.2.704 

https://doi.org/10.12677/acm.2024.143955
https://doi.org/10.1016/j.ophtha.2011.07.031
https://doi.org/10.1016/j.ajo.2013.09.020
https://doi.org/10.1016/j.ophtha.2015.07.004
https://doi.org/10.1016/j.ophtha.2018.05.029
https://doi.org/10.1016/j.ophtha.2019.12.011
https://doi.org/10.1007/s10384-021-00822-y
https://doi.org/10.1016/j.ophtha.2004.06.038
https://doi.org/10.1016/j.jaapos.2007.10.014
https://doi.org/10.1167/iovs.12-9943
https://doi.org/10.1136/bjo.83.12.1370
https://doi.org/10.1007/s12177-008-9013-3
https://doi.org/10.1136/bjo-2021-320920
https://doi.org/10.1016/S0161-6420(95)31038-X
https://doi.org/10.1111/j.1475-1313.1987.tb00761.x
https://doi.org/10.1006/exer.2000.0834
https://doi.org/10.1186/s40662-021-00248-0
https://doi.org/10.1167/iovs.17-22890
https://doi.org/10.1111/bcpt.13017
https://doi.org/10.1073/pnas.86.2.704


文星汉，方静 
 

 

DOI: 10.12677/acm.2024.143955 2149 临床医学进展 
 

[37] Weiss, S. and Schaeffel, F. (1993) Diurnal Growth Rhythms in the Chicken Eye: Relation to Myopia Development and 
Retinal Dopamine Levels. Journal of Comparative Physiology A, 172, 263-270. https://doi.org/10.1007/BF00216608 

[38] Zhou, X., An, J., Wu, X., et al. (2010) Relative Axial Myopia Induced by Prolonged Light Exposure in C57BL/6 Mice. 
Photochemistry and Photobiology, 86, 131-137. https://doi.org/10.1111/j.1751-1097.2009.00637.x 

[39] Landis, E.G., Chrenek, M.A., Chakraborty, R., et al. (2020) Increased Endogenous Dopamine Prevents Myopia in 
Mice. Experimental Eye Research, 193, Article ID: 107956. https://doi.org/10.1016/j.exer.2020.107956 

[40] 邱宇, 高洪莲, 于睿, 等. 抗血管内皮生长因子玻璃体内注射对形觉剥夺性近视豚鼠视网膜中多巴胺水平的影

响[J]. 眼科新进展, 2022, 42(2): 113-117. 
[41] Thomson, K., Karouta, C. and Ashby, R. (2020) Topical Application of Dopaminergic Compounds Can Inhibit Depri-

vation Myopia in Chicks. Experimental Eye Research, 200, Article ID: 108233.  
https://doi.org/10.1016/j.exer.2020.108233 

[42] Thomson, K., Morgan, I., Kelly, T., et al. (2021) Coadministration with Carbidopa Enhances the Antimyopic Effects of 
Levodopa in Chickens. Investigative Ophthalmology & Visual Science, 62, 25. https://doi.org/10.1167/iovs.62.4.25 

[43] Thomson, K., Karouta, C. and Ashby, R. (2020) Form-Deprivation and Lens-Induced Myopia Are Similarly Affected 
by Pharmacological Manipulation of the Dopaminergic System in Chicks. Investigative Ophthalmology & Visual Science, 
61, 4. https://doi.org/10.1167/iovs.61.12.4 

[44] Zhou, X., Zhang, S., Zhang, G., et al. (2020) Increased Choroidal Blood Perfusion Can Inhibit Form Deprivation Myo-
pia in Guinea Pigs. Investigative Ophthalmology & Visual Science, 61, 25. https://doi.org/10.1167/iovs.61.13.25 

[45] Yan, T., Xiong, W., Huang, F., et al. (2015) Daily Injection But Not Continuous Infusion of Apomorphine Inhibits 
Form-Deprivation Myopia in Mice. Investigative Ophthalmology & Visual Science, 56, 2475-2485.  
https://doi.org/10.1167/iovs.13-12361 

[46] Zhang, S., Yang, J., Reinach, P.S., et al. (2018) Dopamine Receptor Subtypes Mediate Opposing Effects on Form De-
privation Myopia in Pigmented Guinea Pigs. Investigative Ophthalmology & Visual Science, 59, 4441-4448.  
https://doi.org/10.1167/iovs.17-21574 

[47] Huang, F., Wang, Q., Yan, T., et al. (2020) The Role of the Dopamine D2 Receptor in Form-Deprivation Myopia in 
Mice: Studies with Full and Partial D2 Receptor Agonists and Knockouts. Investigative Ophthalmology & Visual Science, 
61, 47. https://doi.org/10.1167/iovs.61.6.47 

[48] Ward, A.H., Siegwart, J.T., Frost, M.R., et al. (2017) Intravitreally-Administered Dopamine D2-Like (and D4), but 
Not D1-Like, Receptor Agonists Reduce Form-Deprivation Myopia in Tree Shrews. Visual Neuroscience, 34, E003.  
https://doi.org/10.1017/S0952523816000195 

[49] Mccarthy, C.S., Megaw, P., Devadas, M., et al. (2007) Dopaminergic Agents Affect the Ability of Brief Periods of 
Normal Vision to Prevent Form-Deprivation Myopia. Experimental Eye Research, 84, 100-107.  
https://doi.org/10.1016/j.exer.2006.09.018 

[50] Parisi, V., Centofanti, M., Ziccardi, L., et al. (2015) Treatment with Citicoline Eye Drops Enhances Retinal Function 
and Neural Conduction along the Visual Pathways in Open Angle Glaucoma. Graefe’s Archive for Clinical and Expe-
rimental Ophthalmology, 253, 1327-1340. https://doi.org/10.1007/s00417-015-3044-9 

[51] Rejdak, R., Toczołowski, J., Solski, J., et al. (2002) Citicoline Treatment Increases Retinal Dopamine Content in Rab-
bits. Ophthalmic Research, 34, 146-149. https://doi.org/10.1159/000063658 

[52] Mao, J., Liu, S. and Fu, C. (2016) Citicoline Retards Myopia Progression Following Form Deprivation in Guinea Pigs. 
Experimental Biology and Medicine (Maywood), 241, 1258-1263. https://doi.org/10.1177/1535370216638773 

[53] Caporossi, A., Mazzotta, C., Baiocchi, S., et al. (2010) Long-Term Results of Riboflavin Ultraviolet a Corneal Colla-
gen Cross-Linking for Keratoconus in Italy: The Siena Eye Cross Study. American Journal of Ophthalmology, 149, 
585-593. https://doi.org/10.1016/j.ajo.2009.10.021 

[54] Dotan, A., Kremer, I., Gal-Or, O., et al. (2016) Scleral Cross-Linking Using Riboflavin and Ultraviolet—A Radiation 
for Prevention of Axial Myopia in a Rabbit Model. Journal of Visualized Experiments, No. 110, e53201.  
https://doi.org/10.3791/53201 

[55] Liu, S., Li, S., Wang, B., et al. (2016) Scleral Cross-Linking Using Riboflavin UVA Irradiation for the Prevention of 
Myopia Progression in a Guinea Pig Model: Blocked Axial Extension and Altered Scleral Microstructure. PLOS ONE, 
11, e0165792. https://doi.org/10.1371/journal.pone.0165792 

[56] Fledelius, H., Zak, M. and Pedersen, F.K. (2001) Refraction in Juvenile Chronic Arthritis: A Long-Term Follow-Up 
Study, with Emphasis on Myopia. Acta Ophthalmologica Scandinavica, 79, 237-239.  
https://doi.org/10.1034/j.1600-0420.2001.790305.x 

[57] Lin, H.J., Wei, C.C., Chang, C.Y., et al. (2016) Role of Chronic Inflammation in Myopia Progression: Clinical Evi-
dence and Experimental Validation. EBioMedicine, 10, 269-281. https://doi.org/10.1016/j.ebiom.2016.07.021 

https://doi.org/10.12677/acm.2024.143955
https://doi.org/10.1007/BF00216608
https://doi.org/10.1111/j.1751-1097.2009.00637.x
https://doi.org/10.1016/j.exer.2020.107956
https://doi.org/10.1016/j.exer.2020.108233
https://doi.org/10.1167/iovs.62.4.25
https://doi.org/10.1167/iovs.61.12.4
https://doi.org/10.1167/iovs.61.13.25
https://doi.org/10.1167/iovs.13-12361
https://doi.org/10.1167/iovs.17-21574
https://doi.org/10.1167/iovs.61.6.47
https://doi.org/10.1017/S0952523816000195
https://doi.org/10.1016/j.exer.2006.09.018
https://doi.org/10.1007/s00417-015-3044-9
https://doi.org/10.1159/000063658
https://doi.org/10.1177/1535370216638773
https://doi.org/10.1016/j.ajo.2009.10.021
https://doi.org/10.3791/53201
https://doi.org/10.1371/journal.pone.0165792
https://doi.org/10.1034/j.1600-0420.2001.790305.x
https://doi.org/10.1016/j.ebiom.2016.07.021


文星汉，方静 
 

 

DOI: 10.12677/acm.2024.143955 2150 临床医学进展 
 

[58] Wang, F., Zhou, J., Lu, Y., et al. (2011) Effects of 530 nm Green Light on Refractive Status, Melatonin, MT1 Receptor, 
and Melanopsin in the Guinea Pig. Current Eye Research, 36, 103-111. https://doi.org/10.3109/02713683.2010.526750 

[59] Rada, J.A. and Wiechmann, A.F. (2006) Melatonin Receptors in Chick Ocular Tissues: Implications for a Role of Me-
latonin in Ocular Growth Regulation. Investigative Ophthalmology & Visual Science, 47, 25-33.  
https://doi.org/10.1167/iovs.05-0195 

https://doi.org/10.12677/acm.2024.143955
https://doi.org/10.3109/02713683.2010.526750
https://doi.org/10.1167/iovs.05-0195

	儿童及青少年近视的药物防控及其进展
	摘  要
	关键词
	Research Progress on Medicine Prevention and Control of Myopia in Children and Adolescents
	Abstract
	Keywords
	1. 引言
	2. 毒蕈碱受体阻滞剂(M受体阻滞剂)
	2.1. 阿托品
	2.2. 哌仑西平

	3. 腺苷受体拮抗剂
	4. 降眼压药
	5. 多巴胺类药物
	6. 胆碱能通路类药物
	7. 核黄素及紫外线(UVA波段)联合治疗
	8. 其他类药物
	9. 总结
	参考文献

