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Abstract

:

Background/Objectives: Light therapy has emerged as a promising non-pharmacological treatment for depressive symptoms. This meta-analysis aims to evaluate the effectiveness of light therapy specifically for depressive symptoms in elderly populations, with a focus on how different light intensities and spectra influence treatment outcomes. Methods: A systematic search targeting studies on light therapy for depressive symptoms in older adults was performed across multiple databases, including PubMed, Google Scholar, PsycINFO, and EMBASE, covering studies from database inception until July 2024. A total of 565 records were identified, with 461 studies remaining after removing duplicates. Following the screening of titles and abstracts, 54 studies underwent full-text review, resulting in the inclusion of 22 studies with a total of 1290 participants (687 in the intervention group and 603 in the control group). Results: The overall effect size for light therapy on depressive symptoms was moderate (Hedges’ g = 0.525, p < 0.001). Higher light intensities (10,000 lux and above) demonstrated significantly greater effectiveness compared to lower intensities. White light had the most substantial effect, while bluish light showed moderate efficacy. Significant heterogeneity was observed across studies (I2 = 80.459%), indicating variability in treatment outcomes based on study design, intensity, and light spectrum. Conclusions: This meta-analysis confirms that light therapy is an effective treatment for reducing depressive symptoms in older adults, particularly at higher intensities and with specific light spectra such as white light. Given the heterogeneity in results, future research should focus on optimizing treatment parameters to enhance clinical outcomes within this population.
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1. Introduction


Depression among older adults is a significant public health issue that often goes unrecognized and untreated, leading to considerable distress. This condition places a heavy strain on both families and caregiving institutions, as it incapacitates individuals who might otherwise be healthy and able to function independently [1]. According to the DSM-5, major depressive disorder (MDD) is defined by the presence of at least five depressive symptoms, such as persistent sadness, fatigue, or changes in sleep and appetite, lasting for at least two weeks. In contrast, subthreshold depressive symptoms, though not meeting the full MDD criteria, still cause significant emotional distress and impair daily functioning. Both conditions are often collectively termed “depression” due to their similar impacts on emotional and functional well-being [2,3]. Depression in the elderly is prevalent and may persist from earlier in life or emerge after age 60. A review study included 20 studies with a total of 18,953 participants and found a global prevalence of major depression in the elderly of 13.3% (95% CI: 8.4–20.3%). In a subgroup analysis, prevalence was 11.9% in women (95% CI: 7.6–18.6%) and 9.7% in men (95% CI: 5.2–17.3%), with no significant difference between sexes [4]. A recent meta-analysis estimated the prevalence of depressive symptoms among older adults to be 31.74% (95% CI: 27.90, 35.59), with rates ranging from 17.05% in developed countries to 40.78% in developing countries [5].



Depression in older adults is not merely an emotional issue but has serious implications for overall quality of life, a phenomenon consistently observed across various cultural contexts [6,7,8]. Specifically, depression adversely affects functional status in essential daily activities required for independent living, including both basic and instrumental daily functions. These activities encompass critical self-care tasks, such as financial management, medication adherence, and meal preparation, as well as higher-order social engagement [6,8]. Recent studies highlight the specific challenges in financial capacity among older adults with depression. Financial capacity, which includes essential skills like managing bills, understanding currency, and making financial decisions, is often severely compromised in individuals with depressive symptoms. This impairment can significantly hinder independent living and increase vulnerability to financial exploitation, further stressing the importance of targeted assessments in this area [9]. Studies indicate that even in older adults without neurocognitive disorders or with only mild depressive symptoms, depressive symptom are strongly associated with diminished daily functioning, with greater depressive severity leading to increased limitations [10,11]. This vicious cycle not only weakens individual independence but also heightens caregiver burden and raises social costs within healthcare systems [12]. Therefore, maintaining functional independence and improving quality of life in older adults necessitates effective interventions aimed at managing and reducing depression.



Psychotherapy and antidepressants are commonly used to alleviate depressive symptoms in the elderly [13,14]. However, older patients are at a higher risk of experiencing side effects from antidepressants compared to other age groups, and psychotherapy is limited by the shortage of psychologists and psychiatrists [15,16]. For these reasons, non-pharmacological treatments that are more accessible and have fewer side effects have been developed as complementary approaches for treating depression in elderly patients. Light therapy, often referred to as phototherapy, involves controlled exposure to sunlight or specific types of artificial light to address various medical conditions by using targeted wavelengths [17]. This light is often delivered via a light box, which includes fluorescent tubes, a reflector, and a diffusing screen, or through fluorescent ceiling units [18,19].



People showing depressive symptoms frequently exhibit atypical symptoms linked to circadian rhythm disruptions, such as irregular sleep-wake cycles, altered social rhythms, mood fluctuations throughout the day, and changes in hormonal and core body temperature patterns [20,21]. Light therapy has been explored as a treatment for non-seasonal depression due to its potential to stabilize these disrupted rhythms and improve mood regulation [22]. By stimulating the suprachiasmatic nucleus (SCN), the brain’s circadian clock, light therapy is thought to normalize the sleep-wake cycle and regulate melatonin secretion, which may be particularly beneficial for individuals experiencing such disruptions [20,22,23]. This mechanism is also believed to positively influence mood, sleep patterns, and hypothalamic-pituitary-adrenal axis activity, similar to its effects on patients with affective disorder [20,24,25]. However, the exact mechanisms by which light therapy exerts its effects remain unclear.



Light therapy offers several advantages in treating depression, particularly for older adults. First, it is a non-invasive and safe treatment option that avoids the potential side effects associated with antidepressants, which can be a significant concern for the elderly. Studies have shown that light therapy can effectively improve mood and reduce depressive symptoms in both seasonal affective disorder (SAD) and non-seasonal depression, making it versatile across different forms of depression [22,23,26]. Another benefit is that light therapy helps to regulate circadian rhythms, which are often disrupted in older individuals, contributing to both sleep disturbances and mood disorders. By resynchronizing these rhythms, light therapy can lead to improvements in both sleep quality and depressive symptoms [21,26]. Furthermore, light therapy has shown a rapid onset of action compared to antidepressants, which can take weeks to become effective. Some studies suggest that improvements can be seen as early as within a few days of starting light therapy [27,28]. Lastly, light therapy is cost-effective and easily accessible, making it an attractive alternative for the elderly who may have difficulty accessing frequent psychotherapy sessions or managing medication regimens [19,27].



Building on these findings, recent meta-analytic research has further evaluated the efficacy of light therapy in improving depressive symptoms among older adults. A meta-analysis by Chang (2018) demonstrated that light therapy significantly reduced depression severity when compared to placebo or dim light, with an effect size of 0.442 (95% CI: 0.174–0.709, p = 0.001) [29]. Another meta-analysis by Aini (2024) found that light therapy has a small to moderate effect in reducing depression among people living with dementia, with an overall effect size for depression reduction of Hedges’ g = −0.46, indicating a modest but significant improvement in depressive symptoms [30]. These findings suggest that light therapy can be an effective non-pharmacological intervention for treating non-seasonal depression in elderly adults, offering a promising alternative to traditional treatments such as psychotherapy and antidepressants.



Despite these promising results, previous meta-analyses on light therapy for depression have limitations due to the small number of studies included, with only 8 to 9 studies analyzed in each [29,30]. This limited sample size restricts the ability to draw robust conclusions, indicating the need for further studies to increase the reliability of these findings. Furthermore, existing meta-analyses have highlighted several issues, including observed heterogeneity among studies, which suggests variability in outcomes across trials, and signs of publication bias. These limitations imply that additional research is necessary to confirm the robustness of light therapy’s effects on depression. Moreover, to maximize the potential benefits of light therapy, it is essential to identify factors contributing to this heterogeneity, such as light intensity, duration of exposure, and optimal timing of administration. Previous meta-analyses have been unable to conduct comprehensive meta-regression analyses to examine these potential moderators due to the limited number of studies included (fewer than 10), thereby limiting the ability to identify specific parameters that may enhance therapeutic outcomes [29,30].



To address these limitations, the present study aims to include a larger pool of studies to evaluate the overall effects of light therapy on depressive symptoms and to conduct meta-regression analyses to identify moderators influencing the efficacy of light therapy. By refining specific treatment parameters, this study seeks to provide more reliable and individualized recommendations for implementing light therapy as a non-pharmacological treatment for depression in older adults.




2. Methods


2.1. Study Design


We conducted the meta-analysis and meta-regression analysis and presented the findings following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [31]. Additionally, this review was registered in the International Prospective Register of Systematic Reviews (PROSPERO) under the registration number CRD42023401981 [32].




2.2. Inclusion and Exclusion Criteria


The predetermined inclusion criteria was based on the following: (1) Population: elderly individuals diagnosed with depression or considered at risk for depression based on validated depression assessment tools; (2) Intervention: light therapy; (3) Comparison: control groups that did not receive any intervention (e.g., no treatment, waitlist control), or those receiving only a placebo or usual care; (4) Outcomes: changes in depressive symptoms assessed using objective or subjective measures; and (5) Study Design: randomized controlled trials and controlled clinical trials. The exclusion criteria included: (1) studies with irrelevant topics, populations, or study designs, (2) duplicate publications, (3) studies that did not report depression outcomes, and (4) literature reviews, case reports, and qualitative studies.




2.3. Data Search and Selection Process


Two independent authors conducted a literature search across electronic databases, including PubMed, MEDLINE, the Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE, Web of Science, PsycINFO, Google Scholar and ProQuest Dissertations. A comprehensive literature search was performed across multiple dates to ensure the inclusion of the most recent studies. The initial search was conducted between December 2023 and January 2024, and a follow-up search was carried out between June and July 2024 to capture any new publications that may have emerged in the interim.



We conducted a literature search using targeted combinations of keywords to enhance relevance, including: (Bright light therapy OR BLT OR Phototherapy OR Light therapy) AND (depression OR depressive symptom OR mood) AND (old adults OR elders OR geriatric) AND (Placebo OR sham intervention OR Waitlist OR TAU OR treat as usual OR no intervention OR CAU OR care as usual) AND (RCT OR randomized control trial OR crossover design OR pretest and posttest). In addition, we manually checked the reference lists of the identified studies and relevant articles suggested by meta-analyses and systematic reviews. No restrictions were placed on the country of publication, or the participants’ gender or race. After removing duplicates from the literature gathered through electronic databases and manual searches, the titles and abstracts were screened to identify potentially relevant studies. We then assessed the full texts of these studies according to the inclusion and exclusion criteria to determine the final selection. Two researchers independently carried out selection process. In cases of disagreement, they re-assessed the studies based on the inclusion and exclusion criteria and resolved any differences through team discussion.




2.4. Data Extraction and Analysis


We developed a coding framework based on relevant prior literature, and two research assistants extracted the necessary information according to this framework. The following study characteristics were extracted: title, author, publication year, participant characteristics (i.e., diagnosis and age), sample size, intervention characteristics (light intensity, device, type of light, frequency, duration, and length of therapy), control type, measurement tool, and overall depression scores before and after the intervention. In cases where post-intervention scores were collected at multiple follow-up intervals, we prioritized the assessment conducted immediately following the intervention. The extracted data were independently reviewed, and any discrepancies were resolved through consensus.




2.5. Quality Assessment of Included Studies


Two independent researchers performed a thorough full-text review and appraised the quality of the included studies using the revised Cochrane risk of bias tool for randomized controlled trials (RoB 2.0) [33]. The quality assessment covered several key domains, including: bias arising from the randomization process, bias due to deviations from intended interventions, bias due to missing outcome data, bias in the measurement of the outcome, and bias in the selection of the reported result. Each domain was classified as having a high, some concerns or low risk of bias. The quality assessment findings were independently verified, and any differences between the reviewers were addressed through discussion. When disagreements persisted, a third researcher was consulted to facilitate consensus.




2.6. Statistical Analysis


We conducted a random effects meta-analysis to synthesize the results across studies using JASP version 0.19.0.0 (Jeffreys’s Amazing Statistics Program). The model was chosen to account for potential heterogeneity between studies, which may arise from differences in study design, populations, or intervention methods [34]. We used Hedges’ g to measure effect size, as it adjusts for the bias in Cohen’s d, which tends to overestimate effect size in small samples [35]. Many studies in this meta-analysis had small sample sizes, so Hedges’ g was applied for accuracy [36,37]. Effect sizes were categorized as small (<0.15), medium (0.40–0.74), and large (>0.75) [38]. We interpreted effect sizes with 95% confidence intervals, considering effects significant if the interval excluded 0 [36].



The heterogeneity of the included studies was assessed using the Q statistic and the I2 index. A significant Q statistic (p < 0.001) indicated the presence of heterogeneity, and the I2 index was used to quantify the proportion of variance attributable to between-study differences, with values over 75% considered substantial heterogeneity [39,40]. To investigate the origins of heterogeneity, a meta-regression analysis was performed, assessing moderating effects of study-level characteristics like participant and intervention/control characteristics [41]. The restricted maximum likelihood (REML) method was used to estimate model parameters [42]. An omnibus test of regression coefficients and the Q-statistic were used to confirm significant effects across studies [43].



We evaluated publication bias by examining the funnel plot’s symmetry, where individual studies’ estimated effect sizes were plotted on the x-axis [44]. To further detect any potential publication bias, we applied Kendall’s τ rank correlation and Egger’s regression tests [45]. Additionally, a Fail-safe N test was used to determine how many unpublished studies would be needed to negate the observed effect size, assessing the robustness of the results [46].





3. Results


3.1. Selection of Studies


A comprehensive search resulted in the identification of 938 studies from database searches, with an additional 34 records identified via other methods, including websites and citation searching. After removing 481 duplicates, 457 records remained for title and abstract screening. Of these, 405 studies were excluded for not meeting the inclusion criteria (356 studies) or due to a different type of intervention, such as photobiomodulation or light modulation interventions (49 studies). The full texts of 52 articles were reviewed for eligibility. However, 34 studies were excluded for various reasons: (1) 19 studies were excluded because they involved the wrong population (i.e., not older patients) or assessed the wrong outcome (i.e., lacking a depression measure), (2) four review articles and two trial protocols were excluded, (3) seven studies were excluded because they either consisted of a single arm or provided only post-intervention statistics for the experimental and control groups, making it impossible to extract pre- and post-intervention means and standard deviations for each group, and (4) two studies were excluded because they were not published in English. Ultimately, 22 studies were included in the final meta-analysis (Figure 1).




3.2. Characteristics of the Studies


A total of 22 studies were included in the meta-analysis, and their characteristics are summarized in Table 1. These aspects include the authors, year of publication, participant characteristics (i.e., diagnosis and age), the number of participants in each study, the type of control group used, and the characteristics of the light therapy interventions. Specifically, the intervention details cover the light intensity (measured in lux), the device and type of light used (i.e., spectrum), the frequency of the intervention (number of sessions per day), the duration of each session (measured in minutes), and the total period of the intervention (in days).



These studies were published between 2001 and 2022, focusing primarily on older adults with various diagnoses such as dementia, Alzheimer’s disease, major depressive disorder, Parkinson’s disease, and depression in aging populations. The final quantitative analysis included 1290 participants from 22 trials (intervention: 687, control: 603). The sample sizes across the studies ranged from 10 to 96 participants, with ages varying from mid-60 s to late 80 s.



The interventions in the included studies utilized light therapy with varying intensities, devices, and types of light. Light intensities ranged from 30 to 14,000 lux, using various devices such as light boxes, ceiling-mounted LED panels, and head-mounted devices. The types of light used included bright white, bluish-white, blue-enriched, and full-spectrum light. Interventions were typically conducted once per day, with session durations ranging from 30 to 540 min per day (average: 108.75 ± 137.98 min).The average treatment duration across studies was 33.55 ± 24.49 days (range: 5–90 days). Control groups in these studies generally received either placebo light treatments, dim light, or no treatment. Various measurement tools were used to assess depression outcomes, including the Cornell Scale for Depression in Dementia, Hamilton Depression Rating Scale, Beck Depression Inventory, and the Geriatric Depression Scale.




3.3. Quality Assessment Results


We conducted a risk of bias analysis for the 22 studies using the RoB 2.0. Table S1 presents a summary of the risk of bias for each study. Table S1 presents a summary of the risk of bias for each study. According to our assessment, none of the studies were evaluated as having a low overall risk of bias, with all studies classified as having some concerns or high risk in one or more areas. The primary areas of concern were found in the randomization process and deviations from intended interventions. Nearly all studies lacked sufficient clarity regarding the randomization process, particularly in the specifics of allocation concealment. This was a common issue, with many studies not providing adequate information about whether participants or personnel were blinded appropriately, leading to some concerns in the majority of studies. Additionally, the handling of missing outcome data raised concerns in many studies. Several studies reported participant dropout rates, with figures ranging from small percentages to more significant levels. However, few studies adequately addressed how missing data were handled, whether through intention-to-treat analysis or other methods, which led to some concerns about the influence of incomplete data on the results.



In contrast, the measurement of outcomes and selection of reported results were generally well-executed. Most studies ensured proper blinding of outcome assessors, although a few did not clearly describe their blinding procedures. The risk of selective reporting was relatively low, as most studies appeared to report all predefined outcomes comprehensively, mitigating concerns in these areas. Overall, the primary issues identified across the 22 studies were concentrated in the early stages of trial design, particularly in the randomization and intervention processes, while outcome measurement and reporting were generally well-managed.




3.4. Effect Size of Light Therapy on Depressive Symptom


The meta-analysis examining the effect of light therapy on depressive symptoms revealed significant findings. The overall effect size for the intervention was estimated at 0.525, which was statistically significant (z = 4.414, p < 0.001, with a 95% confidence interval (CI) of [0.292, 0.758]). This indicates a medium effect size according to conventional interpretations of effect size (Hedges’ g). The result suggests that light therapy has a meaningful impact on reducing depressive symptoms (Figure 2).



The heterogeneity across studies was also significant, as demonstrated by the residual heterogeneity test Q(31) = 140.313, p < 0.001. This high heterogeneity indicates substantial variability in effect sizes between the studies, implying that different factors (e.g., intensity of light, duration, or participant characteristics) might be contributing to these differences in outcomes. Further, the estimates for residual heterogeneity were τ2 = 0.347 and τ = 0.589, with an I2 statistic of 80.459%, showing that about 80% of the total variation in effect sizes is due to between-study differences rather than sampling error. The H2 statistic was 5.117, confirming a high level of heterogeneity.




3.5. Moderator Effects of Light Therapy and Subgroup Analyses


In this meta-analysis, significant heterogeneity was found across studies, leading us to perform subgroup analyses and meta-regression to explore the factors contributing to this variability. We included participant type, intervention type characteristics (e.g., device, light intensity, and light spectrum type), protocol characteristics (e.g., total duration for light therapy and length of therapy per session), and control type as moderators in the meta-regression to assess their influence on the effect of light therapy in Table 2. These analyses helped identify how these factors contributed to the observed heterogeneity and their role in explaining the varying effects of light therapy across studies.



Participant type. Based on the results of the meta-regression, the analysis of participant type showed no significant differences in the overall effect size of light therapy between the reference group, which was the dementia group, and the depression group, Parkinson groups. Specifically, the depression group had an estimated effect size of 0.253 (z = 0.965, p = 0.334), indicating no statistically significant difference compared to the dementia group. Similarly, the Parkinson’s group had an estimated effect size of −0.404 (z = −1.181, p = 0.237), which was also not statistically significant (Table 2). These results suggest that there were no meaningful differences in the effect of light therapy across these participant types, indicating that the effect of light therapy on depressive symptoms was not significantly influenced by participant type.



Light delivery methods. The meta-regression analysis examining the effect of light delivery methods on the overall effect size of light therapy found no significant difference between the Light box and Other lighting devices. The estimate for Other lighting devices was −0.175 (z = −0.543, p = 0.587), indicating no statistically significant difference in effect size between light box and other methods of light delivery (Table 2).



Light spectrum types. The meta-regression analysis assessing the effect of light spectrum types on the overall effect size of light therapy showed varied results when comparing the reference group (Full spectrum light) to other spectrum types. The analysis revealed that bluish light had an estimate of 0.460 (z = 0.217, p = 0.224), indicating no statistically significant difference in effect size compared to full spectrum light. In contrast, white light exhibited a statistically significant positive effect with an estimate of 0.732 (z = 2.489, p = 0.013), suggesting that white light was associated with a larger effect size compared to full spectrum light. Meanwhile, green light had an estimate of 0.336 (z = 0.635, p = 0.526), which was not statistically significant, indicating no meaningful difference from the full spectrum light group (Table 2).



The subgroup analysis based on light spectrum types revealed notable differences in effect sizes. The full-spectrum light group had an effect size of 0.00 (95% CI: −0.72, 0.71), indicating no significant impact on depressive symptoms. In contrast, the bluish light group showed a moderate positive effect (0.51, 95% CI: 0.28, 0.74), while the white light group exhibited a stronger effect (0.74, 95% CI: 0.45, 1.02). The green light group had a smaller, non-significant effect size of 0.34 (95% CI: −0.14, 0.83). These findings suggest that bluish and white light were the most effective, while full-spectrum and green light had minimal or non-significant effects on depressive symptoms (Figure S1).



Light intensity. To analyze the impact of light intensity on depressive symptoms, we examined the relationship between light intensity and the overall effect size of light therapy. To reduce variability in light delivery methods, we limited the analysis to studies that used light box devices. The analysis showed that light intensity had a statistically significant positive effect on the overall effect size (Estimate = 9.851 × 10−5, SE = 3.887 × 10−5, z = 2.534, p = 0.011) (Table 2). This suggests that as light intensity increases, the therapeutic effect of light therapy on depressive symptoms becomes more substantial. In other words, higher light intensities were associated with greater improvement in depressive symptoms. Figure 3 presents a meta-regression of the relationship between light intensity (Lux) and effect size (Hedges’ g). Each circle represents a study, with the size of the circle indicating the study’s weight in the analysis. The x-axis represents light intensity in Lux, and the y-axis shows the effect size, measured as Hedges’ g. The regression line in Figure 3 shows a slight upward trend, suggesting a potential positive association between light intensity and effect size. Smaller circles represent studies with relatively lower weights (often smaller sample sizes), while larger circles indicate studies with higher weights. Most data points are symmetrically distributed around the regression line, suggesting that higher light intensity may be associated with a slightly increased effect size. In conclusion, the meta-regression suggests a positive trend, indicating that increased light intensity is associated with a greater therapeutic effect on depressive symptoms.



The results of the subgroup analysis based on light intensity reveal varying effect sizes. For the group exposed to below 5000 lux, the pooled effect size was −0.01 (95% CI: −0.64, 0.62), indicating no significant effect. The group exposed to 5000 to less than 10,000 lux showed a moderate effect with a pooled effect size of 0.62 (95% CI: 0.21, 1.02). Finally, the group exposed to 10,000 lux and above demonstrated a larger effect size of 0.74 (95% CI: 0.32, 1.16), suggesting a stronger impact on depressive symptoms. In summary, the findings indicate that higher light intensities (10,000 lux and above) are associated with a more significant positive effect on depressive symptoms, while lower intensities (below 5000 lux) showed minimal or no effect (Figure S2).



Length of light exposure. A meta-regression analysis was conducted to examine the impact of light exposure duration per session on the overall effect size of light therapy. The analysis revealed that light exposure duration did not have a significant effect on the effect size (Estimate = −1.973 × 10−4, SE = 8.998 × 10−4, z = −0.219, p = 0.826) (Table 2). This suggests that increasing the duration of light exposure per session does not lead to a significant change in the therapeutic effect on depressive symptoms.



Light therapy timing. The meta-regression analysis investigating the impact of light therapy timing on the overall effect size yielded the following results. The reference group, which received light therapy in the morning, was compared to groups receiving therapy at different times of the day: midday/afternoon, evening, and other times (i.e., morning and evening or just evening). The results showed no statistically significant differences in the overall effect size between the groups. For the midday group, the estimate was −0.273 (z = −0.819, p = 0.413), indicating no significant difference compared to the morning group. The evening group had an estimate of 0.844 (z = 1.602, p = 0.109), suggesting a non-significant positive trend in effect size. Similarly, the other times group had an estimate of 0.345 (z = 1.278, p = 0.201), also showing no significant difference (Table 2).



Intervention duration. The meta-regression analysis examining the impact of total intervention duration on the overall effect size revealed no statistically significant association. The estimate for the intervention period was −7.587 × 10−4 (SE = 0.001, z = −0.511, p = 0.609), indicating that the length of the total intervention period did not significantly influence the effect size (Table 2).



Control type. The meta-regression analysis assessing the impact of control type on the overall effect size of light therapy showed significant results. The reference group, which received a sham intervention (i.e., placebo light exposure), was compared to a control group that did not receive any light exposure (i.e., no treatment or treatment as usual). The results indicated a statistically significant difference between the two groups. Specifically, the non-light exposure group had a significantly higher effect size compared to the sham intervention group, with an estimate of 0.567 (z = 2.360, p = 0.018) (Table 2). This suggests that studies using a non-light exposure control group tend to report larger effect sizes than those using a sham light intervention.



The results of the subgroup analysis based on control type reveal notable differences in effect sizes. The group with no light exposure demonstrated a pooled effect size of 0.13 (95% CI: −0.28, 0.54), indicating no significant effect. In contrast, the group using placebo (i.e., dim light exposure) showed a much larger pooled effect size of 0.70 (95% CI: 0.44, 0.95), suggesting a significant positive effect. These results indicate that studies using passive controls tend to show larger positive effects of light therapy on depressive symptoms, while those using active controls (placebo light) showed minimal or no effect (Figure S3).




3.6. Analysis of Publication Bias


Publication bias was assessed using multiple methods, including Kendall’s τ rank correlation test and Egger’s regression test for funnel plot asymmetry [36,68]. Figure 4 presents the funnel plot of the included studies, a visual tool for evaluating potential publication bias. In this plot, each study’s effect size is on the x-axis, and the standard error is on the y-axis. In the absence of publication bias, studies should symmetrically cluster around the pooled effect size (center line) within the triangular region representing the 95% confidence limits. Upon inspecting Figure 4, a relatively symmetrical distribution is observed around the central line, with most studies falling within the expected funnel region. This distribution suggests that both smaller studies (with larger standard errors, near the bottom) and larger studies (with smaller standard errors, near the top) are evenly spread around the mean effect size, implying minimal publication bias. The Kendall’s τ rank test yielded a correlation of 0.165 (p = 0.191), indicating no significant asymmetry in the funnel plot and thus no strong evidence of publication bias. Similarly, Egger’s regression test for asymmetry showed a z-value of 1.597 (p = 0.110), further supporting the absence of substantial publication bias.



To further confirm these findings, Rosenthal’s fail-safe N was calculated, yielding a value of 1021. This high number indicates that 1021 additional studies with null results would be required to negate the significance of the observed effects, providing further evidence for the robustness of the results. The trim and fill method for assessing and correcting publication bias also showed that no additional studies were added, suggesting that no correction for funnel plot asymmetry is necessary. In summary, the visual symmetry in Figure 4 and the results from Kendall’s τ, Egger’s test, Rosenthal’s fail-safe N, and the trim and fill method all indicate that publication bias is minimal or absent in this meta-analysis. These findings strengthen the credibility of the observed effect sizes in the included studies.





4. Discussion


The purpose of this meta-analysis was to evaluate the effectiveness of light therapy on reducing depressive symptoms in elderly adults. The results demonstrated that light therapy had a statistically significant effect on alleviating depressive symptoms, with an overall effect size of 0.525 (95% CI: 0.292–0.758, p < 0.001). This indicates a medium effect size, suggesting that light therapy may provide meaningful improvements in depressive symptoms for older adults. Additionally, no significant publication bias was detected, as confirmed by the funnel plot and statistical tests. The trim and fill analysis results indicated that no additional studies were needed to adjust for missing studies, reinforcing the robustness of our findings. The results of the meta-regression and subgroup analyses revealed that both light intensity and light spectrum were significant factors influencing the overall effect size of light therapy on depressive symptoms.



Meta-regression analysis showed that higher light intensity (e.g., 10,000 lux and above) had a significant positive impact on reducing depressive symptoms. Moreover, light spectrum was identified as another key factor. The analysis indicated that white light and bluish light were the most effective in alleviating depressive symptoms, with white light showing the strongest effect size compared to other spectrums. However, factors such as the total duration of the intervention and the session length did not show a significant impact on the overall effect size. Additionally, the time of day when the light therapy was administered (morning, midday, or evening) did not result in statistically significant differences in outcomes. These findings suggest that light intensity and light spectrum are crucial factors in determining the efficacy of light therapy for reducing depressive symptoms, whereas the timing and length of exposure may have less influence.



Similar to previous meta-analyses, our study found that light therapy had a moderate effect size in reducing depressive symptoms among older adults [22,29,30]. Tao et al. (2020) [22] conducted a meta-analysis to assess the effectiveness of light therapy for non-seasonal depression. The results showed that light therapy had a mild to moderate effect in improving depressive symptoms, with an overall effect size of −0.405 (95% CI: −0.597, −0.212, p < 0.001). However, of the 23 studies included, only three specifically targeted elderly individuals, while the remaining 20 focused on adults under the age of 60. Additionally, the meta-analysis focusing on elderly populations found that light therapy has a moderate effect size in alleviating depressive symptoms among older adults (effect size: −0.405, 95% CI: −0.597, −0.212, p < 0.001), which is comparable to the effectiveness observed in studies involving other adult populations [29]. Another meta-analysis focused on elderly populations, conducted by Aini et al. (2024) [30], also reported a moderate effect size for light therapy on depressive symptoms (Hedges’ g = −0.460, 95% CI: −0.720, −0.200, p < 0.001). While previous meta-analyses included fewer than 10 trials and less recent data, our study incorporates up-to-date data (through 2024) and a larger dataset, with 22 clinical trials, thereby enhancing the reliability of our findings [29,30]. These results further support light therapy as an effective non-pharmacological intervention for the elderly.



Additionally, our analysis examined various light intensities and spectra, allowing for a more in-depth assessment of how different aspects of light therapy impact depressive symptoms in older adults. Among these aspects, light intensity emerged as a particularly influential factor in treatment outcomes. Specifically, studies with higher light intensities (10,000 lux and above) demonstrated stronger effects on depressive symptoms compared to lower intensities (Figure S2). Previous research supports this, showing that higher light intensity is linked to greater improvements in depressive symptoms [20,69,70,71,72]. For instance, Rosenthal’s 1984 study used 2500 lux for 3 h sessions, which initially demonstrated efficacy [73]. However, subsequent studies revealed that 10,000 lux administered for 30–40 min achieved remission rates of approximately 75%, surpassing the results of lower intensities like 3000 lux, which were significantly less effective [74,75]. A review on the mechanisms of light therapy for depression suggests that bright light modulates the autonomic nervous system and circadian rhythms, which may be crucial to its antidepressant effects [20,25,26]. Bright light, especially at higher intensities, stimulates the suprachiasmatic nucleus (SCN), regulating sleep-wake cycles and mood-related physiological processes [20,26]. Thus, 10,000 lux has become the standard recommendation for light therapy in depression. Although lower intensities can still produce effects, they require significantly longer exposure times. This underscores the importance of optimizing light intensity, especially in elderly populations who may respond differently due to age-related circadian changes and decreased light perception.



The light spectrum type also played a crucial role in moderating the effects of light therapy on depressive symptoms. The meta-regression and subgroup analyses of light spectrum types revealed that white light had the most substantial positive effect on depressive symptoms, with a significant effect size of 0.74. Bluish light also showed a moderate positive effect (0.51), whereas full-spectrum and green light exhibited minimal or non-significant effects. These findings suggest that white light is the most effective in alleviating depressive symptoms compared to other light spectrum types. White light was utilized as the primary light source in 11 out of the 22 studies. The reason for the greater efficacy of white light may be linked to its broader spectral composition including blue and green light wavelengths [76,77]. White light covers a wide range of wavelengths, stimulating a broader range of photoreceptors in the eyes, including melanopsin-containing retinal ganglion cells [78,79]. These cells are essential in regulating the circadian rhythms through their connection to the suprachiasmatic nucleus (SCN), the body’s internal clock, which plays a pivotal role in mood regulation [25,26,80].



Furthermore, white light therapy has been shown to promote a stronger alignment of the circadian rhythm with environmental light-dark cycles, thereby enhancing sleep quality and stabilizing mood [81]. This broader spectral range of white light makes it more effective in addressing the circadian disruptions that often contribute to depressive symptoms, especially in older adults, who frequently experience misaligned circadian rhythms due to aging [82]. These findings align with previous studies, which have shown that different light spectra can have varying impacts on mood and circadian regulation [21,29,76]. Future research should focus on investigating how specific light spectra can be optimized to maximize therapeutic outcomes, particularly for non-seasonal depression in older adults, where circadian rhythm disturbances are common.



In addition to the above findings, the meta-regression revealed that timing of light therapy did not significantly influence the treatment effect, with no meaningful differences observed between morning, midday, or evening sessions. This suggests that the time of day may not be a critical factor in determining the success of light therapy for depression in older adults. However, further research is needed to confirm this, particularly since circadian rhythm regulation is believed to be one of the mechanisms by which light therapy exerts its antidepressant effects.



Our study offers several advantages compared to previous meta-analyses. This meta-analysis focused on the elderly population, enabling us to evaluate treatment effectiveness tailored to their specific physical and psychological needs. Additionally, we reduced heterogeneity across studies, leading to more robust and consistent results for elderly depression treatment. Notably, this study included a substantially larger dataset, incorporating 22 clinical trials and 1290 participants, compared to prior meta-analyses such as Chang’s, which only included 8 trials and 426 participants [29]. As a result, the conclusions drawn from this study may offer greater reliability. Furthermore, we used meta-regression to assess the impact of various light therapy protocols and clinical variables on elderly depression, which could not be done in earlier studies due to the limited number of trials. Given that older adults are more susceptible to adverse effects from pharmacotherapy and often have limited access to psychotherapy, our meta-regression provides critical insights into the modulators of light therapy efficacy. This contributes to the development of more individualized, evidence-based treatment strategies for this vulnerable population.



There are several limitations to consider in this meta-analysis. First, the heterogeneity observed across studies highlights the variability in study design and methodology, which may affect the generalizability of the findings. Second, while we included studies with both placebo and no-treatment controls, the difference in effect sizes between these control types suggests that placebo effects may be contributing to the outcomes in some cases. This underscores the importance of carefully selecting control conditions in future studies to ensure that the effects of light therapy are not overstated. Third, although we found that light intensity plays a key role in treatment efficacy, other factors such as the duration of light exposure and total intervention period did not significantly influence outcomes. Future research should further investigate these factors, particularly to identify the optimal duration and period for light therapy in elderly populations. Fourth, the presence of publication bias, although not found to be significant, should be acknowledged. While our analysis showed minimal evidence of bias, the relatively small number of studies included in certain subgroups, such as those using specific light spectra or intensities, suggests that more research is needed to fully understand the range of effects that light therapy can offer. Fifth, one limitation of this review is the inability to specify the exact dates of the Google Scholar searches. Although searches were conducted between December 2023 and January 2024, and again between June and July 2024, the precise dates were not recorded. This limitation may affect the reproducibility of the search results, as Google Scholar’s dynamic indexing can yield different results depending on the exact search date. Future studies should consider recording specific search dates to enhance reproducibility. Lastly, this meta-analysis faces limitations in analyzing effects by gender, as most included studies did not provide means and standard deviations for gender. Consequently, subgroup analyses based on gender were not feasible, restricting the evaluation of gender-specific outcomes. Future research should prioritize the systematic collection of gender-related data to address this limitation.



In conclusion, this meta-analysis demonstrates that light therapy is an effective non-pharmacological intervention for reducing depressive symptoms in older adults, especially in studies utilizing higher light intensities. Compared to previous meta-analyses, our study incorporates more recent data and a larger number of clinical trials, providing a stronger basis for its findings and enabling a more nuanced analysis of light therapy parameters. The findings suggest that light therapy can serve a viable alternative to traditional treatments such as antidepressants and psychotherapy, particularly for elderly patients who may encounter difficulties with these options. However, given the variability in study designs and outcomes, more research is needed to refine the parameters of light therapy—such as intensity, duration, and light spectrum type—to optimize its therapeutic potential. Additionally, future studies should address the potential for placebo effects by carefully designing control conditions that accurately reflect the true efficacy of light therapy. Despite these limitations, the current findings provide valuable evidence for the clinical application of light therapy in treating depressive symptoms among elderly individuals and highlight the need for further research to better understand its full potential.
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Figure 1. Flowchart of study selection. 
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Figure 2. The effect of light therapy on depressive symptom [24,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67]. 
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Figure 3. Meta-regression of the effects of light intensity (Lux). 
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Figure 4. The funnel plot of included studies. 
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Table 1. Study characteristics of 22 studies selected for the meta-analysis.
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	Author & Year
	Diagnosis
	Case Number
	Age
	Intervention Type *
	Intervention Protocol **
	Control Type
	Measurement Tool





	Burns et al., 2009 [47]
	Dementia
	T: Late morning intervention (n = 21, 29% male),

C: Placebo (n = 25, 40% male)
	T: 84.5 (1.7),

C: 82.5 (1.5)
	Intensity: 10,000

Device: Light box

Light type: Full-spectrum light
	Duration: 14

Frequency: 1

Length of therapy: 120
	Standard fluorescent tube light
	Cornell Scale for Depression in Dementia



	Dowling et al., 2007 [48]
	Alzheimer’s disease
	T1: Morning intervention (n = 29, 24% male),

T2: Afternoon intervention (n = 24, 17% male),

C: Placebo (n = 17, 12% male)
	84 (10)
	Intensity: 2500

Device: Light box

Light type: Full-spectrum light
	Duration: 70

Frequency: 1

Length of therapy: 60
	Usual indoor light exposure
	Neuropsychiatric Inventory



	Figueiro et al., 2019 [49]
	Alzheimer’s disease and related dementia
	T: Day time intervention (n = 46),

C: Placebo (n = 33)
	85.1 (7.1)
	Intensity: 350–750

Device: Custom lighting (custom-built floor luminaires, light-boxes, and light tables)

Light type: Bluish-white light
	Duration: 28

Frequency: 1

Length of therapy: 540
	Warm light
	Cornell Scale for Depression in Dementia



	Kolberg et al., 2021 [50]
	Dementia
	T: Midday intervention (n = 33, 24.2% male),

C: Placebo (n = 36, 38.9% male)
	T: 86 as the median age

C: 82.5 as the median age
	Intensity: 1000

Device: Ceiling-mounted LED panels

Light type: Bluish light
	Duration: 56

Frequency: 1

Length of therapy: 300
	Warm light
	Cornell Scale for Depression in Dementia



	Konis et al., 2018 [51]
	Alzheimer’s disease and related dementia
	T: Morning intervention (n = 36, 32.6% male),

C: Placebo (n = 28, 19.4% male)
	T: 85.6 (7.0),

C: 84.7 (7.0)
	Intensity: 159.3 melanopic lux

Device: Daylit room

Light type: Full-spectrum light
	Duration: 84

Frequency: 1

Length of therapy: 120
	Typical indoor electrical lighting
	Cornell Scale for Depression in Dementia



	Lievers et al., 2011 [24]
	Major depressive disorder


	T: Early morning intervention (n = 40, 36% male),

C: Placebo (n = 44, 33% male)
	T: 69.7 (8.5),

C: 69.0 (6.6)
	Intensity: 7500

Device: Light box

Light type: Bright pale blue light
	Duration: 21

Frequency: 1

Length of therapy: 60
	Dim red light
	Hamilton Scale for Depression



	Loving et al., 2005a [52]
	Aging depressed people
	T1: Morning intervention (n = 13),

T2: Midday intervention (n = 13),

T3: Evemimg intervention (n = 15),

 

C1: Morning placebo (n = 15),

C2: Midday placebo (n = 15),

C3: Evemimg placebo (n = 16)
	67.7 (5.45)
	Intensity: 8500

Device: Light box

Light type: Bright white light
	Duration: 28

Frequency: 1

Length of therapy: 60
	Dim red light
	Geriatric Depression Scale, Hamilton Scale for Depression



	Loving et al., 2005b [53]
	Major And Minor Depressive Disorder
	T: Morning intervention (n = 17),

C: Placebo (n = 17)
	67.7 (6.35)
	Intensity: 1200

Device: Light box

Light type: Bright green light
	Duration: 28

Frequency: 1

Length of therapy: 60
	Dim red light
	Geriatric Depression Scale,

Hamilton Scale for Depression



	Onega et al., 2016 [54]
	Dementia
	T: Day time intervention (n = 30),

C: Placebo (n = 30)
	82.6 (9.6)
	Intensity: 10,000

Device: Light box

Light type: Bright white light
	Duration: 40

Frequency: 1

Length of therapy: 60
	Dim light
	Cornell Scale for Depression in Dementia, Depressive Symptom Assessment for Older Adults



	Onega et al., 2018 [55]
	Dementia
	T: Day time intervention (n = 30),

C: Placebo (n = 30)
	-
	Device: Light box

Light type: Full-spectrum light
	Duration: 40
	Dim light
	Cornell Scale for Depression in Dementia



	Paus et al., 2007 [56]
	Parkinson’s disease
	T: Morning intervention (n = 18, 66.67% male),

C: Placebo (n = 18, 61.11% male)
	T: 63.6 (9.8),

C: 63.4 (9.7)
	Intensity: 7500

Device: Light box

Light type: Bright white light
	Duration: 15

Frequency: 1

Length of therapy: 30
	Dim light
	Beck’s Depression Inventory



	Raymackers et al., 2019 [57]
	Parkinson’s disease
	T: Morning intervention (n = 16, 62.5% male),

C: Placebo (n = 16, 62.5% male)
	-
	Intensity: 472.7

Device: Head-mounted device

Light type: Blue-enriched light
	Duration: 30

Frequency: 1

Length of therapy: 45
	Orange-enriched light
	Hospital Anxiety and Depression Scale



	Riemersma et al., 2008 [58]
	Dementia
	T: All day intervention (n = 47, 74% male),

C: Placebo (n = 40, 76% male)
	85.7 (5.5)
	Intensity: 1000

Device: Ceiling-mounted fixtures

Light type: White light
	Duration: Average of 15 months

Frequency: 1

Length of therapy: 540
	Dim light
	Cornell Scale for Depression in Dementia



	Rutten et al., 2016 [59]
	Parkinson’s disease and major depressive disorder
	T: Morning and evening intervention (n = 35, 85% male),

C: Placebo (n = 37, 83% male)
	T: 58.9 (8.5),

C: 65.8 (8.6)
	Intensity: 10,000

Device: Light box

Light type: Bright white light
	Duration: 90

Frequency: 1

Length of therapy: 60
	Dim light
	Hamilton Depression Rating Scale, Geriatric Depression Scale



	Sumaya et al., 2001 [60]
	Score of 11–20 on GDS
	T: Morning intervention (n = 10),

C1: Placebo (n = 10)

C2: no treatment (n = 10)
	83.8 (9.56)
	Intensity: 10,000

Device: Light box

Light type: Bright white light
	Duration: 5

Frequency: 1

Length of therapy: 30
	No treatment
	Geriatric Depression Scale



	Tsai et al., 2004 [61]
	Depressed elders
	T: Morning intervention (n = 30, 60% male),

C: no light treatment (n = 30, 50% male)
	T: 75.3 (7.4),

C: 74.6 (5.7)
	Intensity: 5000

Device: Light box

Light type: Bright white light
	Duration: 5

Frequency: 1

Length of therapy: 50
	Treatment as usual
	Geriatric Depression Scale



	Videnovic et al., 2017 [62]
	Parkinson’s disease
	T: Day time intervention (n = 16, 50% male),

C: Placebo (n = 15, 33.33% male)
	T: 62.31 (10.83),

C: 64.07 (8.89)
	Intensity: 10,000

Device: Light box

Light type: Bright white light
	Duration: 14

Frequency: 1

Length of therapy: 120
	Dim red light
	Beck Depression Inventory



	Wu et al., 2015 [63]
	Depressed elders
	T: Morning intervention (n = 34, 52.9% male),

C: no light treatment (n = 31, 61.3% male)
	T: 80.97 (9.84),

C: 79.03 (10.06)
	Intensity: 10,000

Device: Light box

Light type: Bright white light
	Duration: 12

Frequency: 1

Length of therapy: 30
	Treatment as usual
	Geriatric Depression Scale—Short Form



	Ouslander et al., 2006 [64]
	Nursing Home Patients
	T: Early morning intervention (n = 77, 17% male),

C: no light treatment (n = 96, 33% male)
	T: 83.5 (8.71),

C: 82.9 (9.3)
	Intensity: 10,000

Device: Light box

Light type: Bright white light
	Duration: 17

Frequency: 1

Length of therapy: 120
	No treatment
	Geriatric Depression Scale



	Kim et al., 2021 [65]
	Alzheimer’s disease
	T: Morning intervention (n = 14, 85.71% male),

C: Placebo (n = 11, 45.45% male)
	T: 77.36 (5.79),

C: 78.55 (7.71)
	Intensity: 30 lux at the eyes

Device: Light box

Light type: Blue-enriched white light
	Duration: 14

Frequency: 1

Length of therapy: 60
	Dim light
	Cornell Scale for Depression in Dementia



	Livingstone et al., 2019 [66]
	Dementia
	T: Morning intervention (n = 42, 21% male),

C: no light treatment (n = 20, 50% male)
	T: 80.4 (9),

C: 79.6 (7)
	Intensity: 10,000

Device: Light box

Light type: Bright white light
	Duration: 43–64

Frequency: 1

Length of therapy: 30
	Treatment as usual
	Hospital Anxiety and Depression Scale



	Zou et al., 2022 [67]
	Alzheimer’s disease-related dementia
	T: Morning intervention (n = 34, 47.06% male),

C: Placebo (n = 27, 70.59% male)
	T: 75.94 (9.47),

C: 73.04 (9.34)
	Intensity: 14,000

Device: High-intensity light therapy device
	Duration: 28

Frequency: 1

Length of therapy: 30
	Dim light
	Neuropsychiatric Inventory







Abbreviation: C, Control; T, Treatment; TAU, Treatment as usual. * The unit of intensity for light is lux. ** The duration is the amount of light exposure time measured in minutes per day. The frequency refers to how many times the intervention is administered per day. The unit of time for therapy sessions is the minute.













 





Table 2. Meta-regression analysis of light therapy studies on depression symptom.
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Predictor Variables

	
Estimates

	
SE

	
Z

	
P

	
95% Confidence Interval




	
Lower

	
Upper






	
Particiapnt type

	

	

	

	

	

	




	
  Depression

	
0.253

	
0.262

	
0.965

	
0.334

	
−0.260

	
0.766




	
  Parkinson

	
−0.404

	
0.342

	
−1.181

	
0.237

	
−1.074

	
0.266




	
Light delivery methods

	

	

	

	

	

	




	
  Others

	
−0.175

	
0.321

	
−0.543

	
0.587

	
−0.804

	
0.455




	
Light spectrum types

	

	

	

	

	

	




	
  Blue

	
0.460

	
0.378

	
1.217

	
0.224

	
−0.281

	
1.200




	
  White

	
0.732

	
0.294

	
2.489

	
0.013

	
0.156

	
1.309




	
  Green

	
0.336

	
0.529

	
0.635

	
0.526

	
−0.701

	
1.372




	
Light intensity

	
9.851 × 10−5

	
3.887 × 10−5

	
2.534

	
0.011

	
2.232 × 10−5

	
1.747 × 10−5




	
Length of light exposure

	
−1.973 × 10−4

	
8.998 × 10−4

	
−0.219

	
0.826

	
−0.002

	
0.002




	
Light therpy timing

	

	

	

	

	

	




	
  Midday

	
−0.273

	
0