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Childhood obesity has reached epidemic levels worldwide. Overweight and obesity is associated with an increase in several inflammatory markers, leading to chronic low-grade inflammation responsible for macro- and microvascular dysfunction. While the impact of obesity on overall health is well-described, less is known about its ocular manifestations. Still, there are few studies in children and adolescents in this regard and they are inconsistent. However, some evidence suggests a significant role of overnutrition in the development of changes in retinal microvasculature parameters (wider venules, narrower arterioles, lower arteriovenous ratio). Higher values of intraocular pressure were found to be positively correlated with high body mass index (BMI) as well as obesity. In addition, the retinal nerve fiber layer (RNFL) values seem to be lower in obese children, and there is a significant negative correlation between RNFL values and anthropometric and/or metabolic parameters. Changes also could be present in macular retinal thickness and choroidal thickness as well as in the retinal vessel density in children with obesity. However, these associations were not consistently documented. The purpose of this review is to present the most current issues on child obesity and the related potential ocular effects through an overview of international publications from the years 1992–2022.
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Introduction

Childhood obesity has become one of the most important public health concerns. Over the past 50 years, its prevalence has increased globally, reaching pandemic levels. The World Health Organization (WHO) estimates that worldwide, over 340 million children and adolescents aged 5–19 years and almost 40 million children under the age of 5 years were overweight or obese in 2016 and 2020, respectively (1, 2). The latest data from the United States Centers for Disease Control and Prevention (CDC) has shown that the prevalence of obesity among United States children and adolescents was 19.3% in 2017–2018 (3). In addition, the COVID-19 pandemic worsened the burden of childhood obesity (4, 5). For example, in the United States, during the first year of the pandemic, the prevalence of obesity in children aged 5–11 years rose dramatically from 19% to 26% (5).

Obesity has emerged as a complex phenotype resulting from the interaction of genes, environment, and lifestyle (6). There are numerous factors contributing to childhood obesity, including socioeconomic aspects, psychosocial stress, gender, biology, physical inactivity, or a caloric intake that is greater than needs (7). Endocrine causes of pediatric obesity are identified in less than 1% of all cases (8).

Regardless of its cause, obesity results in the abnormal or excessive accumulation of fat. Adipose tissue, in addition to providing a reservoir of energy, serves as a major endocrine organ that secretes adipokines, growth factors, cytokines, and chemokines (9, 10). Increased proinflammatory cytokine secretion from adipose tissue and the infiltration of leukocytes, including macrophages, into the adipose tissue is responsible for chronic low-grade inflammation in obese individuals. This state impairs important functions in terms of regulating fatty acid oxidation, glucose and fat homeostasis, and insulin signaling. Oxidative stress, inflammation, and dyslipidemia accompanied by insulin resistance lead to micro- and macroangiopathy (11, 12).

Obesity can adversely affect health, and obesity-related diseases in children and adolescents are well-characterized (7, 13, 14) (shown in Figure 1).


[image: Figure 1]
FIGURE 1
Systematic complications of childhood obesity (7, 13, 14).


Less is known about the potential ocular effects of childhood obesity. In adults, obesity has been linked to age-related cataracts, glaucoma, age-related maculopathy, and diabetic retinopathy (15). This review examines the potential ocular effects of childhood obesity.


Data sources and searches

A literature search on PubMed and Google Scholar was performed using the following terms in various combinations: childhood obesity, obesity, children and adolescents, pediatric population, insulin resistance, retinal microvasculature, optical coherence tomography, optical coherence tomography angiography, foveal avascular zone, choroidal thickness, retinal nerve fiber layer, and intraocular pressure. All articles published between November 1992 and November 2022 were checked by title, abstract, and full text. Relevant articles are reviewed and summarized here.



Changes in retinal vessel morphology in terms of childhood obesity

Since the 1990s, fundus photography has been widely used to evaluate the retinal vascular caliber. Hubbard et al. developed formulas to calculate the central retinal arteriolar equivalent (CRAE) and the central retinal venular equivalent (CRVE) calibers, as well as the dimensionless quotient arteriovenous ratio (AVR) (16, 17). Changes in retinal vessel caliber, particularly wider retinal venules and narrower retinal arterioles, have been found to increase the risk of cardiovascular disease in obese youth (18, 19). Obesity may have a profound effect on retinal vascular caliber. Increased adiposity and sedentary lifestyle behaviors negatively correlate with vessel width parameters. Growing evidence suggests that wider venules, narrower arterioles, and a lower AVR are related to a greater body mass index (BMI), larger waist circumference, and higher levels of sedentary behavior. In contrast, moderate-to-vigorous-intensity physical activity was associated with larger arterioles, narrower venules, and a higher AVR (20). Furthermore, other data demonstrated a strong relationship between retinal vascular calibers and obesity-induced hypertension. Retinal arteriolar narrowing, but not venular dilation, has been linked to increased systematic blood pressure (21). Interestingly, in a study conducted by Rijsk et al., in a multiple linear regression, a higher diastolic blood pressure (DBP) z-score and lower fasting glucose levels significantly contributed to a narrower retinal arteriolar diameter (22).

Undoubtedly, obesity has an impact on retinal vessel diameter; however, less data is available concerning the relationship between retinal vessel morphology and particular metabolic parameters. Leptin is secreted by adipocytes in proportion to body fat mass and plays a key role in energy homeostasis. Obesity can lead to leptin resistance and subsequent high leptin concentrations (23). Some studies have provided evidence in support of a positive association between leptin and retinal vessel diameter (24, 25). High levels of plasma leptin, dependent on BMI, have been associated with both wider CRVE (p = 0.032) and lower AVR (p = 0.010) (24). This is consistent with findings reported by Van Aart et al., indicating a positive significant relationship between zLeptin and CRAE (standardized coefficient β = 0.14) (25).

Apart from leptin, elevated levels of C-reactive protein (CRP), found in obese individuals, have also been linked to changes in retinal vessel diameter (26, 27). CRP is used as a clinical marker of inflammation, with elevated serum levels being a strong independent predictor of future adverse cardiovascular events (28). Hanssen et al. have reported that wider venular diameters were independently associated with higher levels of high-sensitivity C-reactive protein (hsCRP). The highest absolute diameter differences (+11.83um) were seen in retinal venules for each unit increase of hsCRP (p < 0.01) (26). Likewise, Gishti et al. showed that a higher CRP level is related to a wider venular caliber (difference 0.10 standard deviation score (SDS) (95% CI 0.06,0.14) per SDS increase in CRP), but this was not influenced by BMI (27).

Dyslipidemia, insulin resistance, and non-alcoholic fatty liver disease (NAFLD), other common features in obese children, also affect the retinal microvasculature. Some data have shown a positive relationship between hepatic fibrosis in pediatric NAFLD patients and the degree of retinopathy signs. In addition, obese and overweight children with retinopathy had significantly higher values of triglycerides (90.20 vs. 105.57 mg/dl, p = 0.04), basal insulin (12.97 vs. 17.20 mUI/ml p = 0.02), and HOMA-IR (2,76 vs. 3,37, p = 0.04) than patients without retinopathy (29).

Insulin-like growth factor 1 (IGF-I) plays a significant part in retinal vascularization. Recent data has demonstrated that overweight/obese children with retinopathy had significantly higher insulin-like growth factor 1 (IGF-1) SDS (-0.66 ± 0.9 vs. 0.03 ± 1.3, p = 0.04) compared to overweight/obese individuals without retinopathy (30). This suggests that high levels of IGF-1 in overweight/obese children and adolescents may be a potential contributing factor to microvascular damage.

However, the mechanisms linking childhood obesity to changes in retinal vessel morphology are not fully explained. It is hypothesized that increased adiposity is associated with the systemic microvasculature abnormalities that precede the development of overt disease. Microvascular processes may play a role in the pathogenesis of alterations in retinal vessel caliber, possibly through hyperinsulinemia or inflammatory pathways. Research has shown that arterial narrowing and venular widening are more evident among those with high levels of inflammatory and endothelial dysfunction markers (31). In addition, leptin has been demonstrated to directly impair endothelium-dependent vasodilation (32). Lastly, retinal venular dilatation may reflect a regulatory response to the increased total blood volume presented in obese children (31). However, further studies need to be carried out to clarify changes in retinal vessel caliber in obese children and adolescents.



Influence of childhood obesity on intraocular pressure

Elevated intraocular pressure (IOP) may irreversibly damage the optic nerve and could result in visual impairment and blindness (33). Many studies have supported the association between higher values of intraocular pressure and high BMI (34, 35) as well as obesity (36–38). Akinci et al. have reported that the average IOP was significantly higher in obese children than in the control group; gender and age connections were not statistically significant between groups. In addition, diurnal fluctuations in IOP were also higher in the obese group (5.4 ± 1.8 mmHg) compared to the control group (2.8 ± 0.9 mmHg, p < 0.001). These findings show that BMI is an independent risk factor for elevated IOP in children and adolescents (38). The Shandong Children Eye Study produced similar results, indicating that higher values of IOP were positively correlated with increased body mass (p < 0.001) and BMI (p < 0.001) (34). Pileggi et al. demonstrated that elevated IOP was related to high BP in overweight/obese children. This suggests that obesity confers an increased risk for both elevated IOP and systemic vascular abnormalities, such as elevated BP and hypertension among children and adolescents (35). However, it is worth mentioning that several studies have not confirmed an association between obesity and changes in eye pressure among children and adolescents (39–43). The mechanisms underlying the association between IOP and obesity are yet to be fully established. However, it has been suggested that elevated IOP may be caused by excess intraorbital fat, increased episcleral venous pressure, and decreased aqueous outflow. Also, increased blood viscosity, present in obese individuals, can lead to an increase in outflow resistance in the episcleral veins. Finally, obesity-induced hypertension may influence IOP through increased pressure in the ciliary arteries, leading to excessive aqueous filtration (38, 44).



Retinal nerve fiber layer thickness in the obese pediatric population

The retinal nerve fiber layer (RNFL) which is a sensitive structure, can be damaged due to a chronic inflammatory process. Optical coherence tomography (OCT) provides an objective and quantitative measurement of RNFL thickness.

Changes in retinal nerve fiber layer thickness are an important sign of early retinal damage. Therefore, there is increasing attention on RNFL thickness in obesity. Recent studies suggest that the RNFL is significantly thinner in obese children (37, 41, 42, 45, 46) Compared to healthy controls, obese individuals were characterized by binocular RNFL thickness asymmetry (41), decreased RNFL values in particular sectors (41, 42, 45), and thinner ganglion cell-inner plexiform layers (GCL + IPL) (41, 46). Moreover, changes in RNFL thickness are related to the degree of obesity. In children with severe obesity (SDS-BMI >4), RNFL thickness on average and in the inferior, superior and nasal quadrants were lower compared to overweight (SDS-BMI >1 to ≤2) and obese (SDS-BMI >2 to ≤4) individuals or healthy controls (SDS-BMI from −1 to 1) (42). The RNFL and GCL + IPL values for each sector are summarized in Tables 1, 2, respectively.


TABLE 1 Summary of reported values of OCT RNFL in obese children and adolescents (mean±) or median (min-max) in literature.
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TABLE 2 Summary of reported values of OCT GCL + IPL in obese children and adolescents (mean ± SD) in literature.
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In addition, metabolic parameters such as insulin, triglyceride, Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), low-density lipoprotein (LDL), interleukin 6 (IL-6), and leptin have also been found to be negatively related to RNFL thickness (37, 41, 42, 45, 46, 48) (Table 3).


TABLE 3 Reported significant correlation between RNFL and anthropometric and metabolic parameters in literature.
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Although many studies have shown that obesity is associated with changes in RNFL thickness, some studies have failed to show this relationship (47–49). The reason for changes in RNFL thickness in obese children is unclear. Increased resistance in the small vessels feeding the optic nerve head may result in temporary or permanent ischemia. Therefore, insufficient vascular supply of the optic nerve head as a result of endothelial dysfunction and autonomic changes creates conditions that damage nerve fibers. Also, it has been suggested that RNFL values decrease with an increase in inflammatory mediators (41).



The association between choroidal thickness and macular retinal thickness in obese children

The choroid is one of the most highly vascularized tissues of the body, as it supplies the outer retina with nutrients and maintains the temperature and volume of the eye (50) Being the most vascular tissue in the eye, the choroid has been implicated in the pathophysiology of a variety of ocular diseases. Thinning of the choroid could be a predictive factor for retina damage.

The literature shows that changes in choroidal thickness (CT) may be induced by obesity. Several studies showed that children with obesity had thinner CT in comparison to the control group (36, 51, 52). Interestingly CT measurements were thinner among those obese patients who did not have IR as compared to those with IR (36, 51). The authors found a positive correlation between CT and HOMA-IR (36, 51). Differences in CT values in obese with and without IR can be explained by the vascular action of insulin, which stimulates endothelial production of NO with subsequent choroidal vasodilation and increased CT (53).

Obesity not only affects CT but also macular retinal thickness (MRT) and macular retinal volume (MRV). Some studies have reported that these ocular parameters are significantly decreased in obese children (52, 54). In one study, MRT and MRV values tended to be thinner with an increase in BMI-SDS and waist circumference standard deviation score (WC-SDS) (54).

However, a clear link between obesity and decreased CT and MRT has not yet been established. In a study conducted by Bulus et al., CT had higher values in obese patients, moreover, CT was positively correlated with BMI, BMI-SDS, Weight-SDS, obesity duration, and cholesterol level (40). Likewise, Kurtul et al. found a higher MRT in obese patients (49). A positive correlation between body fat percentage and CT has also been demonstrated (37).

A strong inflammatory response in adipose tissue, leading to oxidative stress and hypoxia, may cause changes in CT in obese individuals (40). In addition, thinning of the choroidal layer could result from the autonomic regulation of choroidal blood flow. Decreased levels of NO, as a direct result of obesity, lead to a reduction in choroidal blood flow and subsequent choroidal thickness (55).

Interestingly, it has been shown that weight loss may have a positive effect on ocular structures. A study investigating the effect of rapid BMI decrease with bariatric surgery in obese adults showed improvements in CT values after weight loss. The favorable effect of weight loss might be related to improvements in the autoregulation of choroidal blood flow and a decrease in medial arterial pressure (56).

However, it must be emphasized that some studies have not found a significant difference between choroidal and retinal thickness in obese children compared to healthy controls (37, 40, 57). Further studies to verify changes in CT and MRT are needed in obese juvenile populations.



Influence of childhood obesity on retinal vascular density measured by optical coherence tomography angiography

Optical coherence tomography angiography (OCTA) is a novel technique that allows for a more accurate evaluation of the retinal vasculature, with the ability to isolate particular vascular plexuses (superficial and deep plexuses). OCTA has become an indispensable tool used in diagnosing and monitoring retinal diseases, for example choroidal neovascularization (CNV) in the course of age-related macular degeneration and high myopia or the estimation of foveal avascular zone (FAZ) size in the course of diabetic retinopathy, sickle cell-related retinopathy, or retinal vascular occlusion diseases.

So far, there have been only a few studies that used OCTA to evaluate retinal vessel density in the obese pediatric population. However, some of these studies have suggested that childhood obesity may affect the retinal microvasculature. Kurtul et al. and Han et al. showed that superficial, as well as deep capillary plexuses in the foveal area were larger in obese children in comparison to age- and sex-matched healthy controls (49, 58). Likewise, Dereli et al. reported that significantly greater vessel density in the parafoveal area of the superficial capillary plexus was observed in children with obesity (59). Noteworthy Han et al. reported lower vessel density in the inferior and nasal parafovea and temporal perifovea of deep capillary plexus in obese children. There is still no objective explanation for changes in the vascular density of retinal plexuses in childhood obesity. It has been suggested that pro-inflammatory cytokines may lead to degenerative changes (59). However, Kurtul et al. advocate that increased total body mass (with increased intra- and extracellular water), bone, and skeletal muscle mass may play a central role in elevated OCTA values (49).

Still, differences in OCTA values between obese and healthy children were not demonstrated by all authors (57), emphasizing the need for further research.




Conclusion

Obesity is one of the most serious global public health challenges; however, its impact on ocular health in children is still not well-studied. To the best of our knowledge, this is the first review to examine the potential ocular effects of childhood obesity. Similar comparisons have only been made in the adult population. According to the findings of this review, the majority of studies found a significant association between adiposity and changes in vessel width parameters (wider venules, narrower arterioles, lower arteriovenous ratio). Many articles showed a positive relation between higher values of intraocular pressure and high BMI as well as obesity. In most studies, the retinal nerve fiber layer (RNFL) values were lower in obese children, and a significant negative correlation was found between RNFL values and anthropometric and/or metabolic parameters. Changes were also present in macular retinal thickness and choroidal thickness as well as in the retinal vessel density in children with obesity. However, these associations have not been consistently documented. In addition, there is a lack of studies underlying these eye changes in obese pediatric patients. The inconsistency of the results and an insufficient explanation for the observed changes suggest that further investigations are required to clarify these associations. The effectiveness of obesity management in reducing the risk of eye alterations is also unknown, but research in this area might provide significant insight into the potential use of weight loss strategies to reduce the burden of eye diseases in children with obesity. Moreover, studies examining the effects of a potentially anti-inflammatory nutritional intervention reducing obesity-induced ocular changes might deliver valuable and practical information.
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