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			Background: Depression and anxiety are the most common comorbid psychiatric disorders in the elderly. Psychiatrists have been reporting worsened depression symptoms and prognosis by comorbid anxiety symptoms. However, it is still unclear how anxiety affects the course of depression in the elderly. The aims of this study are (1) to identify the symptom network in late-life depression (LLD), and (2) to examine the role of anxiety in LLD with a network perspective.

			Methods: The study analyzed 776 community-based participants who were clinically diagnosed with depression and enrolled in Suwon Geriatric Mental Health Center. Network analysis was used to investigate the relationships between the symptoms of the Montgomery–Åsberg Depression Rating Scale (MADRS). The depression sample was divided into groups of low and high anxiety according to the Beck Anxiety Index. Propensity score matching (PSM) was used to minimize the effects of depression severity on the network. Network comparison test (NCT) were carried out to compare the global connectivity, global strength, and specific edge strength between the two subgroups.

			Results: Reported sadness, pessimistic thinking, and suicidal ideation are the core symptoms of LLD in terms of node strength. The MADRS sum score [mean (SD) 28.10 (9.19) vs 20.08 (7.11); P < .01] was much higher in the high anxiety group. The NCT before PSM showed the high anxiety group had significantly higher global strength (P < .01). However, the NCT after PSM did not reveal any statistical significance both in global structure (P = .46) and global strength (P = .26). A comparison between centrality indices showed a higher node strength of vegetative symptoms in the high anxiety group and this also remained after PSM.

			Conclusion: Based on the statistical analysis, anxiety worsens the severity of depression in the elderly. However, NCT after PSM revealed comorbid anxiety does not change the global structure and strength of the depression symptom network. Therefore, anxiety may affect LLD in a way of worsening the severity, rather than changing psychopathology. Additionally, the study revealed the centrality of vegetative symptoms was low in LLD but increased substantially in patients with comorbid anxiety.
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Introduction 

			

Depression in Late-Life

			Late-life depression (LLD) poses a global burden (1). Approximately 10% of older population visiting primary care facilities manifest clinically significant depression (2). Patients with LLD exhibit chronic medical disorders or persistent insomnia, functional decline, or social isolation (3). Untreated LLD is associated with a poor quality of life, challenges with social and physical functioning, poor adherence to treatment, and worsening of chronic medical ailments (4). Although patients with LLD have more comorbidities and are more disabled than younger patients with depression (5, 6), LLD is often unrecognized by general practitioners due to the atypical and vague presentations of LLD, which can result in under-treatment of the disease (7). Therefore, early identification of symptom presentations and understanding symptom relations of LLD may lead to a better prognosis, However, the manifestation of depression symptoms in older adults, especially the relationship between different symptoms has yet to be investigated. In this study, our goal was to find the pattern of symptom presentation and relationship between symptoms of depression in the elderly using network analysis.

			


Depression Comorbid With Anxiety in the Elderly

			Depression and anxiety are two of the most common psychiatric issues in the elderly population (8, 9) Recognition and management of depression and anxiety in elderly is crucial given the health care burden, increased risk for medical illness and disability, and higher mortality rates (10, 11). It is generally known that anxiety and depression share a common diathesis. For instance, both are associated with a negative affect, stressful life events, and impaired cognitive processes suggesting a common biological and genetic predisposition (12). However, anxiety and depression are not similar states or conditions. Studies have reported differences in their heterogeneous traits, adaptive functions and associations with regulatory processes, positive affect, and motivation or complex cognitive processes (12). The term “anxious depression” refers to major depressive disorder with clinically significant but subsyndromal anxiety symptoms (13). Compared with patients diagnosed with depression alone, patients with anxiety show a higher rate of suicidal ideation and history of suicide attempts (14–17). A previous systematic reviews and meta-analyses showed that the rate of suicide was higher in patients with any type of anxiety disorder except obsessive compulsive disorder (18–20). From this background (14–20), we hypothesized that comorbid anxiety may alter the psychopathology of depression in the elderly which may lead to a worse prognosis.

			


Network Analysis

			In the last several years, network analysis has received more attention in psychiatric research (21). In this field, psychological behavior is explained by complex interaction of psychological and environmental factors (22). The network analysis suggests a symptom can be the cause of other symptoms, leading to consistent profiles or syndromes (21, 23). The networks consist of nodes and edges representing observed variables (often symptoms of disease) and statistical relevance, respectively (22). A typical method of assessing the importance of nodes in the network is computing centrality indices (24, 25). There are three components in centrality indices: node strength (quantification of direct connectivity between each nodes), closeness, (quantification of indirect connectivity between each nodes), and betweenness (quantification of importance of a node in the average path between two other nodes) (22, 24, 25). In this sense, network analysis is an excellent methodology to provide intuitive explanation of psychopathology (26, 27). To our knowledge, this is the first study investigating the role of anxiety in depression among the elderly in network perspective.

			



Methods

			

Study Sample

			All the study subjects were selected from an ongoing longitudinal survey investigating the overall mental status of the elderly aged over 60 in Suwon City, South Korea (28). All participants, clinically diagnosed with depression and voluntarily visited Suwon Geriatric Mental Health Center (SGMHC) in Korea, were recruited from community. The survey was designed by psychiatrists of Ajou University Hospital Department of Psychiatry. The survey contained personal information including age, sex, marital status, number of years of education, family composition, history of illness, and so forth. Additionally, the survey included various scales associated with mental health such as Korean version of Montgomery–Åsberg Depression Rating Scale (MADRS), Beck Anxiety Index (BAI), and others. In this study, we used the cross-sectional data of 1,137 participants during their first visits from 2016 to 2019. The survey was conducted following written informed consent.

			


Selection of Participants for Baseline Network

			The MADRS is a useful psychiatric assessment tool often used in clinical studies and trials for selection of subjects with a depressive mood (29). MADRS comprises 10 items and each item is scored ranging from 0 (not at all) to 6 (very severe) according to the participant’s symptom severity (30). Additionally, MADRS is a valid tool for the determination of ongoing state of depression and a score of 10 is an appropriate threshold for the selection of subjects with remission (31). Therefore, 848 depressed participants were selected with an MADRS score of 10 or higher to include participants with prominent depressive symptoms without remission at the first visit. During the recruitment process, the participants who showed substantial cognitive impairment and had definite dementia were excluded based on the clinical decision made by psychiatrists of Ajou University Hospital. Participants with a history of bipolar disorder [5], schizophrenia [8], and other mental disorders [59] were excluded. Subjects with past history of anxiety disorder were not excluded, because diagnostic categories of anxiety disorder overlap with that of mood disorders (32). Finally, 776 participants with marked depression symptoms were selected. The overall flowchart outlining the study enrollment is shown in Supplementary Figure 1.

			


Selection of Low and High Anxiety Cases of Depression

			BAI is a useful tool to reliably measure the extent of anxiety, and is especially designed for use in psychiatric populations (33). The BAI consists of 21 items rated according to a 4-point Likert scale from 0 (not at all) to 3 (it bothered me a lot) (33). The role of BAI as a diagnostic tool for anxiety disorder is still disputed (34). However, the BAI is a valid test for the measurement of overall anxiety level in both non-clinical and clinical participants (35). Therefore, in this study, the Korean version of the BAI was used as a questionnaire to determine the overall degree of individual anxiety in subjects who already had depression. The recommended clinical interpretation of BAI is as follows: 0–7 suggests minimal anxiety, 8–15 suggests mild anxiety, 16–25 suggests moderate anxiety, and 26–63 suggests severe anxiety (36, 37). A previous study demonstrated that participants who scored 16 or higher on BAI were categorized as high anxiety patients who needed clinical intervention (36). In this study, the BAI score of 16 was set as a cutoff value to divide 776 participants into two groups: low anxiety (minimal to low anxiety) and high anxiety (moderate to severe anxiety) (N = 462 vs N = 314).

			


Control of Depression Severity Using Propensity Score Matching

			Even if the networks of high and low anxiety group showed the difference, the cause for such difference can still be unclear because comorbid anxiety itself may have affected the severity of depression (38, 39). For this reason, subjects were matched from each high and low anxiety group using propensity score matching (PSM) based on MADRS sum score to remove the effect of depression severity. The low anxiety group was set as a control group, and high anxiety group was set as a treatment group in PSM methodology. Additionally, a few covariates such as years of education, gender, and age were controlled to minimize the confounding bias. Each value of covariates was converted to propensity score by logistic regression and summed to calculate total propensity score (40). “Nearest neighbor matching” method was used, and subjects who have the least difference in total propensity score were paired in 1:1 ratio (40). The caliper was set to.25 to minimize the mean squared error (MSE) (41). Finally, unmatched samples were discarded and same numbers of participants (N = 199) were allocated after PSM. This procedure was conducted by R-package MatchIt (42).

			



Statistical Analysis

			

Network Estimation

			Gaussian graphical models were developed to obtain the MADRS item scores of 776 participants with depression based on polychronic correlation using R software package, qgraph (43). Nodes of network are composed of 10 items of MADRS, and all items were matched with depression symptoms according to DSM-5 (44) (Supplementary Table 1). Each network was estimated separately using the MADRS symptom node. The least absolute shrinkage and selection operator (LASSO) procedure was used in each network to visualize only the significant edges in the network (45). Network edge weight accuracy was evaluated by bootstrapping with edge strengths’ 95% CIs using R software package, bootnet (22). We computed node strength compared with connection to other nodes to determine the centrality indices with γ = 0. Statistical analyses were performed using R-package version 3.0.2. We present one estimates of centrality to investigate the association of the 10 symptoms of the LLD symptom network: strength (46, 47).

			


General Differences

			Independent two-sample t-test, paired t-test, and independent two-population proportion tests were performed to compare the general differences between the two groups. The significance level for all analyses was α = .05. Statistical analyses were performed using R-package, version 3.0.2.

			


Differences in Overall and Local Connectivity

			Overall connectivity was calculated using R-package Network Comparison Test (NCT). NCT is a two-tailed permutation test in R-package used to calculate the difference between two networks via repeated and random regrouping of individuals (48). NCT is a useful tool for the comparison of two independent, cross-sectional data sets and to investigate the differences in global structure (i.e., which symptoms were most strongly associated with one another), global strength (i.e., difference in sum of edge weights of two networks), and specific edge strength (48). Local connectivity was based on the absolute value of node strength determined using R-package qgraph.

			



Result

			

Depression Symptom Network of Elderly

			General demographic information of 776 participants with depression and psychiatric scales including MADRS and BAI are shown in Table 1. In the sample, the mean (SD) age was 73.87 (8.06) years, and the mean (SD) MADRS score was 23.32 (8.92). Using this sample, the depression symptom network of the elderly was estimated according to the items listed in MADRS (Figure 1). In this network, blue edges represent positive relationships, and a red edge denotes a negative relationship between symptoms. If nodes are strongly connected, the color of the edge is thicker and more vivid. In our results, the edges of concentration difficulties—lassitude, apparent sadness—reported sadness, and pessimistic thought—suicidal thought are strong connections. However, the edges between reduced sleep—pessimistic thought showed a negative relationship. Reported sadness, pessimistic, suicidal thought, and lassitude were shown as core symptoms in terms of centrality indices; strength, closeness, and betweenness (Figure 2). However, in the vegetative symptom group, reduced sleep and reduced appetite showed the lowest node strength. Bootstrapped 95% CIs of network strength and network stability are presented in Supplementary Figure 2.



							Table 1 | Baseline characteristics of patients with late-life depression.
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			Figure 1 | Baseline network of late-life depression. Network Analysis on 776 patients with late-life depression was performed. The symptoms were connected closely to each other within the known subgroups of the MADRS symptoms. The color of each node represents symptoms in MADRS. Color in node represents the subgroup of each symptoms, color of subgroups are as follows: (A) (red color): Dysphoric apathy/retardation symptom group; (B) (green color): Psychic anxiety symptom group; (C) (blue color): Vegetative symptom group. Edges in blue color represent proportional relationships and edges in red color represent inverse relationships. The magnitude of color represents the degree of the relationship between symptoms. MADRS, Montgomery–Åsberg Depression Rating Scale.
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			Figure 2 | Centrality indices of baseline network. Horizontal axis represents the raw value of centrality indices which is the degree of involvement of the focal node to other nodes in network. Vertical Axis represent each symptoms of depression. Node strength quantifies how well a node is directly connected to other nodes. Closeness quantifies how well a node is indirectly connected each other. Betweenness quantifies how important a node is in the average path between two other nodes.

		

			


Addition of Anxiety Node on the Depression Symptom Network

			To analyze the effects of anxiety on depression symptoms in the elderly, anxiety node was added to the depression symptom network (Figure 3). The BAI sum score was used to generate an anxiety node. In the network, an anxiety node is located relatively at the center and showed positive connections with all items of MADRS except inability to feel. Among them, edges with inner tension, reduced appetite, concentration difficulties, and suicidal thought showed noticeably strong connection with anxiety node. Centrality indices of the network are shown in Supplementary Figure 3. Bootstrapped 95% CIs of network strength and network stability are shown in Supplementary Figure 4.
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			Figure 3 | Addition of an anxiety node to the depression symptom network. The anxiety node was added to the baseline network of LDD to see the effects of anxiety on symptoms of depression. The BAI sum score was used to compute and add the anxiety node. The anxiety node is located relatively at the center and has positive connections with all items of MADRS except inability to feel. BAI, Beck Anxiety Inventory; LDD, Late-life Depression; MADRS, Montgomery–Åsberg Depression Rating Scale.

		

			


General Differences Before and After Propensity Score Matching

			Demographic differences between low and high anxiety before and after PSM are shown in Table 2. Before PSM, the t-test results indicated that the age of subjects in the high anxiety group was lower than the low anxiety group [mean (SD) 71.99 (9.63) vs 74.87 (7.39); P < .01]. However, the MADRS sum score [mean (SD) 28.10 (9.19) vs 20.08 (7.11); P < .01] and BAI sum scores [mean (SD) 27.15 (9.30) vs 7.08 (4.58); P < .01] were higher in high anxiety group. Before PSM, 322 out of 462 subjects were female in low anxiety group. On the other hand, 240 out of 314 subjects were in high anxiety group. The gender ratio between two groups showed significant difference (69.70% vs 76.43%; P = .048). After PSM, 151 and 150 female subjects were selected out of total 199 subjects in low and high anxiety group respectively (75.88% vs 75.38%; P = 1.00). The years of education did not show statistically significant difference [mean (SD) 5.79 (4.52) vs 6.40 (4.51); P = .07]. After PSM, the p-values from paired t-test of all items except inability to feel and BAI score were greater than.05. Especially, p-value of MADRS sum score [mean (SD) 25.28 (8.14) vs 24.00 (7.60)] was .11, which suggests appropriate matching was done to eliminate the effect of depression severity.



							Table 2 | Demographic features before and after propensity score matching.
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Differences in Global Structure and Strength

			Comparison of gross network structure between low and high anxiety groups is shown in Figure 4. The networks before PSM are indicated in Figure 4A. Grossly, most of the edges were strengthened in the high anxiety group. The striking difference involved new edges in the high anxiety group: involving lassitude—suicidal thought and apparent sadness—reduced sleep. There was also a negative edge in high anxiety group; reduced appetite—pessimistic. The networks after PSM are presented in Figure 4B. Although the gross pattern is similar to Figure 4A, the overall network connection was sparse in the high anxiety group after PSM compared to the high anxiety group before PSM. Comparison of centrality indices showed that the node strength of high anxiety group was significantly higher in all nodes except suicidal thought before PSM (Figure 5A). After PSM, the higher value of centrality indices including inner tension and vegetative symptoms (reduced sleep and reduced appetite) was maintained (Figure 5B). The NCT before PSM revealed a significant difference in global strength (P = .002) but not in global structure (P = .46). However, the NCT after PSM revealed no statistical difference between global structure (P = .46) and strength (P = .26). Bootstrapped 95% CIs of network strength and network stability are shown in Supplementary Figure 5.
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			Figure 4 | Network structures with low vs high anxiety before and after propensity score matching. (A) Network structures before propensity score matching; (B) Network structures after propensity score matching. Overall connectivity was increased in the high anxiety group before propensity score matching. Remarkable changes in the high anxiety group are newly formed edges between lassitude [M7]— suicidal thought [M10] and apparent sadness [M1] —reduced sleep [M4]. Edges in blue color represent proportional relationships and edges in red color represent inverse relationships. The magnitude of color represents the degree of the relationship between symptoms.

		

		
			[image: ]

			Figure 5 | Centrality indices (strength) of low vs high anxiety before and after propensity Score matching. (A) Before propensity score matching; (B) After propensity score matching. Remarkably higher node strength is observed in all nodes except suicidal thought [M10] in the network before PSM (A). After PSM, such order was reversed except for the centrality indices of inner tension [M3] and vegetative symptoms (reduced sleep [M4] and reduced appetite [M5]) (B). The horizontal axis represents node strength which is the degree of connection of a node to all other nodes in network. The vertical Axis represent each symptoms of depression.

		

			



Discussion

			Utilizing the network approach, the symptom network of depression was analyzed in elderly subjects attending SGMHC, and differences in the network in the presence of comorbid anxiety symptoms. To our knowledge, this study is the first to apply a network approach to depression analysis in elderly subjects, as well as the first to explore the effects of anxiety using this method. In the baseline network of depressive symptoms, the MADRS symptoms clustered together, according to their subgroups. Interestingly, the result was consistent with a previous study of Parker et al. (49); The 10 items of MADRS were regrouped into three analytic models: factor 1, dysphoric apathy/retardation; factor 2, psychic anxiety; and factor 3, vegetative symptoms. Symptoms of each subgroup were located closely to each other and showed stronger connections. The strongest edges existed between reported sadness—apparent sadness, concentration difficulties—lassitude, pessimistic thinking—suicidal thought, which represent edges within subgroups. Symptoms within the vegetative subgroup were sparsely connected, showing that this group played a smaller role in elderly depression. Parker et al. (49) stated that dysphoric apathy/retardation and psychic anxiety more likely reflected subtypes of LLD rather than vegetative symptoms (49).

			By adding an anxiety node to the baseline depression network, anxiety showed interactions with various symptoms of depression in addition to symptoms of “psychic anxiety” subgroup of MADRS. In fact, an anxiety node had positive connections with all MADRS items except inability to feel. In other words, anxiety have a profound effect on the symptoms of depression in some way. Anxiety may affect symptoms of depression by either worsening the symptom severity or changing the overall symptom network structure in psychopathological perspective, or by both. Please note the disease severity and global strength of network are not the same concepts (50). For instance, even though depressive symptoms are mild, the overall connectivity of the symptom network can be dense and strong (50). Analysis of general differences revealed the comorbid anxiety symptoms worsens the depression severity, and it is consistent with previous studies (51–53). However, NCT revealed there is no structural difference between networks of before and after PSM (P = .46 and P = .46). Although the global strength of the two networks showed statistically significant difference (P = .02) before PSM, this statistical significance did not persist after PSM suggesting that comorbid anxiety does not alter the overall strength of depression symptom network. This result suggests anxiety itself did not strengthen and increase the overall connectivity of depression symptoms. In conclusion, anxiety may affect depression in a way of worsening the severity of symptoms, rather than changing psychopathology.

			Considering the low centrality of the vegetative group in the baseline network, the study suggests vegetative symptoms may be attributed largely to the anxiety component rather than depression, and therefore, treatment of anxiety may be the key to resolving such symptoms. Although there is no fixed guideline available for the depressive elderly with anxiety, selective serotonin reuptake inhibitors (SSRIs) are preferably used as first-line treatment due to their beneficial effects on somatic symptoms and low adverse effect rates (53, 54). Furthermore, their therapeutic influences on anxiety disorders as well as depression may augment the treatment effects on the anxious depression (55–57). Comparison of the centrality indices of the two networks after PSM decreased the gap between the two networks in all nodes, except for vegetative group. In other words, relative importance of vegetative symptoms increases with the presence of anxiety. Based on the previous study that mirtazapine [noradrenergic and specific serotonergic antidepressant (NaSSa)] appears to have similar effects on the anxious depression of the elderly to SSRIs (58) our finding suggests that mirtazapine may have treated the elderly with anxious depression by improving their vegetative symptoms (58–60).

			This study has several limitations. First, the study involves restricted subject group. Symptom networks can be influenced by external factors such as age, gender, ethnicity and other socioeconomic factors. Therefore, the results may not be replicated in subjects manifesting different characteristics. For example, used dataset involved higher female subjects than males, and therefore, the results may specifically reflect the characteristics of females. However, elderly depression is particularly common in women (4), and therefore, our population reflect the reality of elderly depression. Also, the population of the used dataset includes Korean subjects exclusively. A study with a larger sample with more diverse characteristics is needed to determine the extent to which our results can be replicated. Second, this study was based on cross-sectional data, therefore, associations cannot be viewed as causal relationships. Whether correlations between symptoms are one-way or bi-directional causal relationships, or not causal at is unknown. Third, BAI score may be affected by associated somatic symptoms in late-life depression, so the efficacy of BAI in measuring the pure anxiety level of the depression is yet to be validated (61). However, network analysis may compensate the drawback of scale-based approach by finding informative or key symptoms rather than simply relying on total scores from scales (62, 63). Forth, self-reported method for assessing depression and anxiety in the elderly may lead to misinterpretation and make biased responses which may lower the precision of the analysis (61, 64). Fifth, the significant number of subjects were discarded during PSM, which is the main drawback of PSM methodology (65). Relatively small number of selected subjects (N = 199) might have increased statistical bias. Lastly, this study did not analyze the medication history of each patient, which may be a confounding factor.

			


Conclusion

			Based on the statistical analysis, anxiety worsens the severity of depression in the elderly. However, NCT after PSM revealed comorbid anxiety does not change the global structure and strength of the depression symptom network. Therefore, anxiety may affect LLD in a way of worsening the severity, rather than changing psychopathology. Additionally, the study revealed the centrality of vegetative symptoms was low in LLD but increased substantially in patients with comorbid anxiety.

			


Data Availability Statement

			The dataset for this study will not be made publicly available due to ethical restrictions. The dataset will be personally available if there is reasonable request.

			


Ethics Statement

			The studies involving human participants were reviewed and approved by Ajou University Hospital, institutional review of board. The patients/participants provided their written informed consent to participate in this study.

			


Author Contributions

			MA, SP, and HK conceived and designed the study. MA and SP performed the study and analyzed the data. MA, SP and HK wrote the manuscripts. SY and RP assisted on conducting network analysis. BP assisted with statistical analysis and data interpretation. SS and HK supervised on this project. HW analyzed the data and assisted in editing the manuscript. All authors contributed to the manuscript revision and approved to final draft of the manuscript before submission.

			


Funding

			This research was supported and funded by a grant from Health Fellowship Foundation, Republic of Korea and the Korean Health Industry Development Institute (grant No. HI19C0094).

			


Supplementary Material

			The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00856/full#supplementary-material

			


References

				1.	McCall WV, Kintziger KW. Late life depression: a global problem with few resources. Psychiatr Clin North Am (2013) 36(4):475–81. doi: 10.1016/j.psc.2013.07.001

				2.	Lyness JM, Caine ED, King DA, Cox C, Yoediono Z. Psychiatric disorders in older primary care patients. J Gen Intern Med (1999) 14(4):249–54. doi: 10.1046/j.1525-1497.1999.00326.x

				3.	Bruce ML. Psychosocial risk factors for depressive disorders in late life. Biol Psychiatry (2002) 52(3):175–84. doi: 10.1016/s0006-3223(02)01410-5

				4.	Katon WJ. Clinical and health services relationships between major depression, depressive symptoms, and general medical illness. Biol Psychiatry (2003) 54(3):216–26. doi: 10.1016/s0006-3223(03)00273-7

				5.	Berardi D, Menchetti M, De Ronchi D, Rucci P, Leggieri G, Ferrari G. Late-life depression in primary care: a nationwide Italian epidemiological survey. J Am Geriatr Soc (2002) 50(1):77–83. doi: 10.1046/j.1532-5415.2002.50011.x

				6.	Fischer LR, Wei F, Solberg LI, Rush WA, Heinrich RL. Treatment of elderly and other adult patients for depression in primary care. J Am Geriatr Soc (2003) 51(11):1554–62. doi: 10.1046/j.1532-5415.2003.51506.x

				7.	Mitchell AJ, Rao S, Vaze A. Do primary care physicians have particular difficulty identifying late-life depression? A meta-analysis stratified by age. Psychother Psychosom (2010) 79(5):285–94. doi: 10.1159/000318295

				8.	Jeste DV, Alexopoulos GS, Bartels SJ, Cummings JL, Gallo JJ, Gottlieb GL, et al. D. Consensus statement on the upcoming crisis in geriatric mental health: research agenda for the next 2 decades. Arch Gen Psychiatry (1999) 56(9):848–53. doi: 10.1001/archpsyc.56.9.848

				9.	Katz IR. What should we do about undertreatment of late life psychiatric disorders in primary care? J Am Geriatr Soc (1998) 46(12):1573–5. doi: 10.1111/j.1532-5415.1998.tb01545.x

				10.	Hybels CF, Blazer DG. Epidemiology of late-life mental disorders. Clin Geriatr Med (2003) 19(4):663–96. doi: 10.1016/S0749-0690(03)00042-9

				11.	Lecrubier Y. The burden of depression and anxiety in general medicine. J Clin Psychiatry (2001) 62 Suppl 8:4–9. Retrieved from: https://www.psychiatrist.com/jcp/article/pages/2001/v62s08/v62s0802a.aspx

				12.	Eysenck MW, Fajkowska M. Anxiety and depression: toward overlapping and distinctive features. Cognit Emot (2018) 32(7):1391–400. doi: 10.1080/02699931.2017.1330255

				13.	Silverstone PH, von Studnitz E. Defining anxious depression: going beyond comorbidity. Can J Psychiatry (2003) 48(10):675–80. doi: 10.1177/070674370304801006

				14.	Fava M, Rush AJ, Alpert JE, Carmin CN, Balasubramani G, Wisniewski SR, et al. What clinical and symptom features and comorbid disorders characterize outpatients with anxious major depressive disorder: a replication and extension. Can J Psychiatry (2006) 51(13):823–35. doi: 10.1177/070674370605101304

				15.	Zimmerman M, Martin J, McGonigal P, Harris L, Kerr S, Balling C, et al. Validity of the DSM-5 anxious distress specifier for major depressive disorder. Depress Anxiety (2019) 36(1):31–8. doi: 10.1002/da.22837

				16.	Goes FS, McCusker M, Bienvenu OJ, Mackinnon DF, Mondimore FM, Schweizer B, et al. Co-morbid anxiety disorders in bipolar disorder and major depression: familial aggregation and clinical characteristics of co-morbid panic disorder, social phobia, specific phobia and obsessive-compulsive disorder. Psychol Med (2012) 42(7):1449–59. doi: 10.1017/S0033291711002637

				17.	Seo H-J, Jung Y-E, Kim T-S, Kim J-B, Lee M-S, Kim J-M, et al. Distinctive clinical characteristics and suicidal tendencies of patients with anxious depression. J Nerv Ment Dis (2011) 199(1):42–8. doi: 10.1097/NMD.0b013e3182043b60

				18.	Kanwar A, Malik S, Prokop LJ, Sim LA, Feldstein D, Wang Z, et al. The association between anxiety disorders and suicidal behaviors: a systematic review and meta-analysis. Depress Anxiety (2013) 30(10):917–29. doi: 10.1002/da.22074

				19.	Bomyea J, Lang AJ, Craske MG, Chavira D, Sherbourne CD, Rose RD, et al. Suicidal ideation and risk factors in primary care patients with anxiety disorders. Psychiatry Res (2013) 209(1):60–5. doi: 10.1016/j.psychres.2013.03.017

				20.	Sareen J, Cox BJ, Afifi TO, de Graaf R, Asmundson GJ, Ten Have M, et al. Anxiety disorders and risk for suicidal ideation and suicide attempts: a population-based longitudinal study of adults. Arch Gen Psychiatry (2005) 62(11):1249–57. doi: 10.1001/archpsyc.62.11.1249

				21.	Borsboom D, Cramer AO. Network analysis: an integrative approach to the structure of psychopathology. Annu Rev Clin Psychol (2013) 9:91–121. doi: 10.1146/annurev-clinpsy-050212-185608

				22.	Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their accuracy: a tutorial paper. Behav Res Methods (2018) 50(1):195–212. doi: 10.3758/s13428-017-0862-1

				23.	McNally RJ. Can network analysis transform psychopathology? Behav Res Ther (2016) 86:95–104. doi: 10.1016/j.brat.2016.06.006

				24.	Costantini G, Epskamp S, Borsboom D, Perugini M, Mõttus R, Waldorp LJ, et al. State of the aRt personality research: a tutorial on network analysis of personality data in R. J Res In Pers (2015) 54:13–29. doi: 10.1016/j.jrp.2014.07.003

				25.	Opsahl T, Agneessens F, Skvoretz J. Node centrality in weighted networks: Generalizing degree and shortest paths. Soc Networks (2010) 32(3):245–51. doi: 10.1016/j.socnet.2010.03.006

				26.	Fried EI, Cramer AOJ. Moving forward: challenges and directions for psychopathological network theory and methodology. Perspect Psychol Sci (2017) 12(6):999–1020. doi: 10.1177/1745691617705892

				27.	Fried EI, van Borkulo CD, Cramer AO, Boschloo L, Schoevers RA, Borsboom D. Mental disorders as networks of problems: a review of recent insights. Soc Psychiatry Psychiatr Epidemiol (2017) 52(1):1–10. doi: 10.1007/s00127-016-1319-z

				28.	Lee KS, Lee Y, Back JH, Son SJ, Choi SH, Chung YK, et al. Effects of a multidomain lifestyle modification on cognitive function in older adults: an eighteen-month community-based cluster randomized controlled trial. Psychother Psychosom (2014) 83(5):270–8. doi: 10.1159/000360820

				29.	Williams JB, Kobak KA. Development and reliability of a structured interview guide for the Montgomery Asberg Depression Rating Scale (SIGMA). Br J Psychiatry (2008) 192(1):52–8. doi: 10.1192/bjp.bp.106.032532

				30.	Montgomery SA, Asberg M. A new depression scale designed to be sensitive to change. Br J Psychiatry (1979) 134:382–9. doi: 10.1192/bjp.134.4.382

				31.	Hawley CJ, Gale TM, Sivakumaran T, Hertfordshire Neuroscience Research Group. Defining remission by cut off score on the MADRS: selecting the optimal value. J Affect Disord (2002) 72(2):177–84. doi: 10.1016/s0165-0327(01)00451-7

				32.	Hirschfeld RM. The comorbidity of major depression and anxiety disorders: recognition and management in primary care. Prim Care Companion J Clin Psychiatry (2001) 3(6):244–54. doi: 10.4088/pcc.v03n0609

				33.	Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety: psychometric properties. J Consult Clin Psychol (1988) 56(6):893–7. doi: 10.1037//0022-006x.56.6.893

				34.	Muntingh AD, van der Feltz-Cornelis CM, van Marwijk HW, Spinhoven P, Penninx BW, van Balkom AJ. Is the Beck Anxiety Inventory a good tool to assess the severity of anxiety? A primary care study in the Netherlands Study of Depression and Anxiety (NESDA). BMC Fam Pract (2011) 12:66. doi: 10.1186/1471-2296-12-66

				35.	Oh H, Park K, Yoon S, Kim Y, Lee SH, Choi YY, et al. Clinical utility of beck anxiety inventory in clinical and nonclinical korean samples. Front Psychiatry (2018) 9:666. doi: 10.3389/fpsyt.2018.00666

				36.	Beck A, Steer R. Beck Anxiety Inventory Manual. San Antonio, TX: Psychological Corporation (1993). 2.

				37.	Carney CE, Moss TG, Harris AL, Edinger JD, Krystal AD. Should we be anxious when assessing anxiety using the Beck Anxiety Inventory in clinical insomnia patients?. J Psychiatr Res (2011) 45(9):1243–9. doi: 10.1016/j.jpsychires.2011.03.011

				38.	Ionescu DF, Niciu MJ, Henter ID, Zarate CA. Defining anxious depression: a review of the literature. CNS Spectr (2013) 18(5):252–60. doi: 10.1017/S1092852913000114

				39.	Maes M, Meltzer HY, Cosyns P, Schotte C. Evidence for the existence of major depression with and without anxiety features. Psychopathol (1994) 27(1-2):1–13. doi: 10.1159/000284842

				40.	Caliendo M, Kopeinig S. Some practical guidance for the implementation of propensity score matching. J Econ Surv (2008) 22:31–72. doi: 10.1111/j.1467-6419.2007.00527.x

				41.	Wang Y, Cai H, Li C, Jiang Z, Wang L, Song J, et al. Optimal caliper width for propensity score matching of three treatment groups: a Monte Carlo study. PloS One (2013) 8(12):e81045. doi: 10.1371/journal.pone.0081045

				42.	Ho DE, Imai K, King G, Stuart EA. MatchIt: nonparametric preprocessing for parametric causal inference. J Stat Software (2011) 42(8). doi: 10.18637/jss.v042.i08

				43.	Epskamp S A. O. J. C, Waldorp LJ, Schmittmann VD, Borsboom D. qgraph: network visualizations of relationships in psychometric data. J Stat Software (2012) 48(1):1–18. doi: 10.18637/jss.v048.i04

				44.	Association AP. Diagnostic and statistical manual of mental disorders: DSM-5. Washington, D.C., USA: American Psychiatric Association (2013). doi: 10.1176/appi.books.9780890425596

				45.	Regression Shrinkage TRSelection via the Lasso. Journal of the Royal Statistical Society. Ser B (Methodological) (1996) 58(1):267–88. Retrieved from: http://www.jstor.org/stable/2346178

				46.	Barrat A, Barthelemy M, Pastor-Satorras R, Vespignani A. The architecture of complex weighted networks. Proc Natl Acad Sci USA (2004) 101(11):3747–52. doi: 10.1073/pnas.0400087101

				47.	Boccaletti VLS, Moreno Y, Chavez M, Hwang D-U. Complex networks: structure and dynamics. Phys Rep (2006) 424(4–5):175–308. doi: https://doi.org/10.1016/j.physrep.2005.10.009

				48.	Borkulo C. D. v. Statistical Comparison of Two Networks Based on Three Invariance Measures (Version 2.0.1) (2016). Retrieved from: https://cran.r-project.org/web/packages/NetworkComparisonTest/index.html

				49.	Parker RD, Flint EP, Bosworth HB, Pieper CF, Steffens DC. A three-factor analytic model of the MADRS in geriatric depression. Int J Geriatr Psychiatry (2003) 18(1):73–7. doi: 10.1002/gps.776

				50.	McElroy E, Napoleone E, Wolpert M, Patalay P. Structure and connectivity of depressive symptom networks corresponding to early treatment response. EClinicalMedicine (2019) 8:29–36. doi: 10.1016/j.eclinm.2019.02.009

				51.	Lenze EJ. Comorbidity of depression and anxiety in the elderly. Curr Psychiatry Rep (2003) 5(1):62–7. doi: 10.1007/s11920-003-0011-7

				52.	Lenze EJ, Mulsant BH, Shear MK, Schulberg HC, Dew MA, Begley AE, et al. Comorbid anxiety disorders in depressed elderly patients. Am J Psychiatry (2000) 157(5):722–8. doi: 10.1176/appi.ajp.157.5.722

				53.	Diefenbach GJ, Goethe J. Clinical interventions for late-life anxious depression. Clin Interventions In Aging (2006) 1(1):41. doi: 10.2147/ciia.2006.1.1.41

				54.	Lenze EJ, Karp JF, Mulsant BH, Blank S, Shear MK, Houck PR, et al. Somatic symptoms in late-life anxiety: treatment issues. J Geriatr Psychiatry Neurol (2005) 18(2):89–96. doi: 10.1177/0891988705276251

				55.	Newby JM, McKinnon A, Kuyken W, Gilbody S, Dalgleish T. Systematic review and meta-analysis of transdiagnostic psychological treatments for anxiety and depressive disorders in adulthood. Clin Psychol Rev (2015) 40:91–110. doi: 10.1016/j.cpr.2015.06.002

				56.	Ravindran LN, Stein MB. The pharmacologic treatment of anxiety disorders: a review of progress. J Clin Psychiatry (2010) 71(7):839–54. doi: 10.4088/JCP.10r06218blu

				57.	Mulsant BH, Blumberger DM, Ismail Z, Rabheru K, Rapoport MJ. A systematic approach to pharmacotherapy for geriatric major depression. Clinics In Geriatr Med (2014) 30(3):517–34. doi: 10.1016/j.cger.2014.05.002

				58.	Anttila SA, Leinonen EV. A review of the pharmacological and clinical profile of mirtazapine. CNS Drug Rev (2001) 7(3):249–64. doi: 10.1111/j.1527-3458.2001.tb00198.x

				59.	Alam A, Voronovich Z, Carley JA. A review of therapeutic uses of mirtazapine in psychiatric and medical conditions. Primary Care Companion CNS Disord (2013) 15(5). doi: 10.4088/PCC.13r01525

				60.	Holland J, Bhogle M. Sertraline and mirtazapine as geriatric antidepressants. Psychiatr Danub (2013) 25(Suppl 2):S286–90. Retrieved from: https://pdfs.semanticscholar.org/cb8c/a27196fd4bee12dbfd8785479ee9f7fcf100.pdf

				61.	Balsamo M, Cataldi F, Carlucci L, Fairfield B. Assessment of anxiety in older adults: a review of self-report measures. Clin Interventions In Aging (2018) 13:573. doi: 10.2147/CIA.S114100

				62.	Contreras A, Nieto I, Valiente C, Espinosa R, Vazquez C. The study of psychopathology from the network analysis perspective: a systematic review. Psychother Psychosom (2019) 88(2):71–83. doi: 10.1159/000497425

				63.	Tomba E, Bech P. Clinimetrics and clinical psychometrics: macro-and micro-analysis. Psychother Psychosom (2012) 81(6):333–43. doi: 10.1159/000341757

				64.	Balsamo M, Cataldi F, Carlucci L, Padulo C, Fairfield B. Assessment of late-life depression via self-report measures: a review. Clin Interventions In Aging (2018) 13:2021. doi: 10.2147/CIA.S178943

				65.	R. B. D’Agostino Jr. Propensity score methods for bias reduction in the comparison of a treatment to a non‐randomized control group. Statistics in Medicine (1998) 17(19):2265–81. Retrieved from: https://www.stat.ubc.ca/~john/papers/DAgostinoSIM1998.pdf

			Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

			Copyright © 2019 An, Park, You, Park, Park, Woo, Kim and Son. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OEBPS/Images/Figure_5.jpg
M104

Mo

M8

M74

M8

M5

M4

M3

M1

Strength

03 06 09

Before PSM

M0

Moo

M8

M7

3

M5

M3

M2

M1

0.00

Strength

type
o~ High Anxiety

~o= Low Anxiety

025 050 075 1.00

After PSM





OEBPS/Images/Figure_2.jpg
M0

[

Me:

[

e

s

[

[

M2

Mt

Strength

Closeness

Betweenness






OEBPS/Text/toc.xhtml


  

    Contents



    

		Cover



      		

        Depressive Symptom Network Associated With Comorbid Anxiety in Late-Life Depression

      

        		

          Introduction 

        

          		

            Depression in Late-Life

          



          		

            Depression Comorbid With Anxiety in the Elderly

          



          		

            Network Analysis

          



        



        



        		

          Methods

        

          		

            Study Sample

          



          		

            Selection of Participants for Baseline Network

          



          		

            Selection of Low and High Anxiety Cases of Depression

          



          		

            Control of Depression Severity Using Propensity Score Matching

          



        



        



        		

          Statistical Analysis

        

          		

            Network Estimation

          



          		

            General Differences

          



          		

            Differences in Overall and Local Connectivity

          



        



        



        		

          Result

        

          		

            Depression Symptom Network of Elderly

          



          		

            Addition of Anxiety Node on the Depression Symptom Network

          



          		

            General Differences Before and After Propensity Score Matching

          



          		

            Differences in Global Structure and Strength

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/tbl2.jpg
Variable Bofore Propensity Score Matching

Low Aniety.
(®A1<16,n= 362)
Moan SO
rge e 739
Education years 640 451
MADRS sum Score 008 711
tom #1 (Apparent Sadness) 220 130
tem #2 Reported Sadness) 278 1t
tom #3 (e tonson) 210 119
tem #4 (Recoed soep) 24 189
tem #5 (Reckoed appeie) 10 138
fem 6 Concentaion iicuties) 149 132
tom A7 (Lasstuce) 18 146
tom 48 (nabity tofee) 218 13
tom #9 (Pessimistc though) 1 12
tom 410 Suicidal thoughy e a3
BAIsum score 708 4%

High Anxioty.

(@12 16,n=319)
Mean D
79 96
570 a5
210 919
ESTRNRY
ses 138
304 135
304 180
250 265
215 1z
248 187
270 15t
27 13
273 tas
215 930

prvalue. Aftor Propensity Score Matching prvalue
Low Anxiety High Anxiety
@AI<te,n=109)  (BAIZ16,n=159)
Mean SO Moan s
<or 7s 7z 7m0 007
oo 579 443 569 460
w0t 2400 760 228 814
oot 27 136 280 136
<or a8 1w a3t 130
oor 248 12 270 120
oot 280 14 285 179
<or & 1% 228 ais
©or 176 1% 195 131
oot 220 15t 224 144
<or 266 140 257 138
oot 22 127 244 150
oot 207 15t 235 141
oot 815 47 286 92

MADRS incicates Montgomery-Asberg Deoression Rating Scale: BAI, Beck Anxiely nventory. *p-value is oblained by t-est. *'0-value is oblained by paied t-test.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt.2019.00856_cover.jpg
’ frontiers
in Psychiatry

Depressive Symptom Network
Associated With Comorbid Anxiety in
Late-Life Depression





OEBPS/Images/Figure_4.jpg
1.Dysphoric apathylretardation
M1: Apparent sadness

M2: Reported sadness

M6: Concentration difficulties
M7: Lassitude

M8: Inabilty o feel

ILpsyehic Anlety
: Inner tension

< W Pessmle

© M10: Suicidal thought

Til.Vegetative
© M4: Reduced sleep

Low anxiety High anxiety





OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Images/tbl1.jpg
Variable Marked Depression with MADRS > = 10 (N = 776)

Mean so
Age 7387 806
Education years 616 as2
MADRS sum score 2832 892

tem #1 (Apparent 264 139

Sadiness)

tem #2 a1 148

(Reported Sadness)

e #3 (iner tension) 269 134

tem #4 (Reduced seep) 270 188

tem #5 195 204

(Reduced appeite)

tem #6 176 1.40

(Concentration dificuties)

tem #7 (Lassitude) 201 1855

e #8 (inabilty to fee) 236 1.46

tem #9 220 135

(Pessimistic thought)

tem #10 208 154

(Suicical thought)

BAl sum score 1520 1202

MADRS indicates Monigomery-Asberg Depression Rating Scale; BA, Back
Anxiety Inventory.





OEBPS/Images/Figure_3.jpg
A.Dysphoric apathy/retardation
M1: Apparent sadness

M2: Reported sadness

Ms: Concentration difficulties

M7: Lassitude

M8: Inability to feel

B.Psychic Anxiety
M3: Inner tension

Mo: Pessimistic

M10: Suicidal thought

C.Vegetative
M4: Reduced sleep
M5: Reduced appetite

D.Anxiety
BAI: BAl Score





OEBPS/Images/Figure_1.jpg
A.Dysphoric apathylretardation
M1: Apparent sadness

M2: Reported sadness

M6: Concentration difficulties

M7: Lassitude

M8: Inability to feel

B.Psychic Anxiety
M3: Inner tension

M9: Pessimistic

M10: Suicidal thought

C.Vegetative
M4: Reduced sleep
M5: Reduced appetite






