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A B S T R A C T   

Although serum albumin and neuroticism have revealed a strong association with suicidal 
ideation in individuals with depression, the causal relationship between them is uncertain. This 
study analyzed the causal association of serum albumin, neuroticism and suicidal ideation using 
large-scale GWAS data and Univariable Mendelian Randomization (UVMR) methods. The 
Multivariable MR (MVMR) analysis was used to explore the causal pathways. UVMR analysis 
revealed that genetically determined serum albumin is causally associated with neuroticism (β =
− 0.006 S.D.; 95 % CI: 0.009, − 0.002; p = 0.003) and suicidal ideation (β = 0.009 S.D.; 95 % CI: 
0.001, 0.016; p = 0.037); and that neuroticism mediates 100 % of the causal association between 
serum albumin and suicidal ideation in individuals with depression. These findings suggest ge-
netic evidence for the causal effect of serum albumin on suicidal ideation in depressed patients 
and the significant mediation effect of neuroticism on this causal association. This study proves 
the protective role of serum albumin for neuroticism and the riskiness of personality traits for 
suicidal ideation in individuals with depression.   

1. Introduction 

Suicide is the fourth leading cause of death worldwide and becoming a significant issue of public mental health [1]. Several studies 
proposed a continuous sequence of suicide severity from suicidal ideation (SI), suicide attempts, then to suicide [2,3]. SI is an 
important indicator for assessing suicide risk, including whether suicidal thoughts or threats will be followed by suicide action [4]. 
Moreover, SI is strongly linked to psychiatric disorders, particularly, depression [5]. It has been demonstrated that lifetime SI in 
depressed patients is 53.1 % [6], and sixty percent of deaths from suicide is associated with depressive disorders [7]. Meanwhile, SI is a 
common and major crucial symptom of depressive disorder [8]. However, the risk factors of SI in individuals with depression are still 
unclear. 

To date, the stress-diathesis model is a most common and useful model to explain why one person commits suicide during a 
depressive episode and another does not. This model proposes that SI and suicidal behavior are the results of interactions between 
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environmental stressors and predispositions [9,10]. Typical environmental stressors refer to various stressful events in the daily life, 
while predisposition is mainly caused by both biological and psychological factors. Family studies have shown a significant genetic 
predisposition with SI and behaviors with heritability ranging from 30 % to 55 % [11]. Meanwhile, physiological cause of suicide can 
result from gene-environment interactions, such as decreased levels of serum albumin [9]. 

Albumin is a most abundant protein and a multifaceted factor in physiological processes, including its involvement in the path-
ophysiology of depression, particularly, its strong association with SI. Matsunaga study [12] found that increased positive emotions are 
accompanied by elevated serum albumin level, whereas negative emotions are negatively associated with serum albumin levels. 
Moreover, decreased levels of serum albumin are negatively related to severe depressive symptoms only in depressed patients with SI 
[13,14]. Collectively, serum albumin is able to serving as a “barometer” for SI in depressed patients and play an important role in 
depressive symptoms and SI. 

In terms of the predisposition of psychological qualities, personality traits, such as neuroticism, are the most critical factors on the 
development of SI and suicidal behavior [15,16]. Neuroticism is one of the major traits describing human personality and manifests in 
the emotional regulation and stability of individuals [17]. According to the personality structure theory of Eysenck, individuals with 
high neuroticism prone to be emotionally unstable and to experience negative emotions in response to stress [18]. Adams et al. found 
that depression and neuroticism share numerous genetic risk factors [19]. Furthermore, in persons with a history of depression, 
neuroticism additionally increases the risk of recurrence by facilitating reactivation of SI [20]. A meta-analysis study suggests that 
neuroticism could be a stable personality trait and vulnerable to SI [21]. Another study also suggests that neuroticism-correlated 
copings, such as the emotion-oriented coping, are predictive to SI [22]. It is acknowledged that personality traits might have bio-
logical origins [23]. Individuals being high in neuroticism exhibit high levels of inflammatory cytokines, such as interleukin-6 [24]. A 
large body of studies have revealed that serum albumin is decreased with increased inflammation suggesting an involvement in in-
flammatory system. Moreover, elevated serum albumin could improve brain circulation and protect structure and function of brain 
[25]. Individuals with high neuroticism often manifest abnormalities in serum albumin [23,26]. These findings imply that serum 
albumin plays a role in neuroticism. However, the effect of albumin in neuroticism is rarely reported. 

Although the accumulated evidence from observational studies suggests that serum albumin is associated with both the neuroticism 
and SI in depressed patients, traditional observational studies are often influenced by confounding factors and potential reverse causal 
associations [27]. Thus, it is still unclear whether the relationships between serum albumins, neuroticism and SI are causal in 
depression and what is the causal pathways. Mendelian Randomization (MR) analyses applies genetic variants as instruments to es-
timate the causality between exposure and outcome which is a widely used with large-scale genome-wide association studies (GWASs) 
[28]. Multivariable MR (MVMR) is an extension of MR and used to estimate the effect of each genetic variants associated exposure on a 
single outcome. MVMR can equivalently analyses the mediation effects within the MR framework [29]. Thus, MVMR allows estimation 
of the different effects required for mediation analyses and keeps the benefits of causal inference when genetic tools were used, such as 
avoiding bias due to confounding [29]. Thus, a Univariable Mendelian Randomization (UVMR) analysis was used to explore the 
separate causation between serum albumin, neuroticism, and SI using GWAS data as well as the potential mediation effect. Univariable 

Fig. 1. Flowchart of the mediated MR design. The mediated MR is performed in two steps. The first step is to calculate the effect of exposure on 
the mediating variable A. The second step is to calculate the effect of mediation on outcome B. Then the two coefficients are multiplied to obtain the 
mediating effect. C′ is the effect of exposure on the outcome after adjusting for the mediating variable. SNP, single nucleotide polymorphism. LD, 
linkage disequilibrium. 
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Findings in this study may provide an instruction on etiological diagnosis, early-stage prevention, and treatments of SI. 

2. Materials and methods 

2.1. Study design 

The single nucleotide polymorphism (SNP) loci for serum albumin, neuroticism and SI in depressed patients were screened and 
collated from three GWAS databases (all three databases were European populations). The potential causal relationship between serum 
albumin, neuroticism, and SI was investigated in depressed patients using Mendelian randomization analysis. The design is shown in 
Fig. 1. 

2.2. GWAS summary data 

The SNP–phenotype of serum albumin, neuroticism, and SI were obtained from the MR-Base (http://www.mrbase.org/). Specif-
ically, the genetic associations of serum albumin were obtained from Prins et al. study [30], which include 9824 European participants. 
Genetic associations of neuroticism were obtained from a GWAS data including 168,105 European individuals [31]. The genetic as-
sociations of SI were obtained from a GWAS data including 32,630 Europeans with depression and 30,018 healthy Europeans. 

2.3. Genetic instruments selection and data harmonization 

Genetic instruments of exposures (serum albumin or neuroticism) were selected based on independent SNPs (r2 < 0.001 & distance 
>10,000 kb) and at a genome-wide significance (P < 5 × 10− 6). Furthermore, the instrument strength was assessed using F-statistic of 
each exposure. Instruments with F > 10 were considered valid [29]. 

2.4. MR analysis 

The mediated MR analysis was performed using the two-sample MR, MRPRESSO, and the R packages of MR. The UVMR was 
performed to estimate the total causal effects of serum albumin on SI, and neuroticism on SI. MVMR was used for mediation analysis to 
decompose the effects of exposure on outcomes through mediating variables. While the MVMR analysis [32] was used to evaluate the 
direct effects of serum albumin and neuroticism on SI, the indirect effects of the mediating variables were assessed by the difference 
method. The main MR analysis was conducted with an inverse-variance weighted method (IVW). A bilateral p < 0.05 was considered 
significant difference. The thresholds were further adjusted by Bonferroni correction for the number of exposed phenotypes. Thus, the 
threshold of statistical significance for the 2 exposures was set at p < 0.05/2 = 0.025. 

2.5. Sensitivity analysis 

Sensitivity analysis is used to assess the robustness of the results and widely used in MR studies. Specifically, the heterogeneity was 
evaluated with IVW and MR Egger approaches. MR-PRESSO was used to estimate the directional pleiotropy [33] while the MR-Egger 
regression was used to obtain intercept [34]. The leave-one-out analysis was performed to evaluate whether MR estimates were biased 
or driven by a single SNP. The p value with more than 0.05 was considered acceptable. Moreover, the weak instrument bias and the 

Fig. 2. Mendelian Randomization (MR) Plots for Relationship of serum albumin vs. suicidal ideation. A, Scatterplot of single-nucleotide 
polymorphism (SNP) potential effects on serum albumin vs. suicidal ideation, with the slope of each line corresponding to estimated MR effect 
per method. B, Forest plot of individual and combined SNP MR-estimated effects sizes. Data are expressed as raw β values with 95 % CI. 
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bias of IVW utilizing GWAS were further analyzed using the robust adjusted profile score (MR.RAPS) [35]. 

3. Results 

3.1. Genetic instrumental variables 

Totally, 13 independent SNPs were identified as genetic instruments for serum albumin levels while 77 independent SNPs were 
identified for neuroticism (Appendix S1) with valid F-statistic value for each individual SNP (F = 16–64), and a mean of 25.09 and 
29.64 for serum albumin levels and neuroticism, respectively. Moreover, the conditional F-statistic value of MVMR was 15.19 for 
serum albumin and neuroticism, which were over the limiting value (F > 10) and suggesting a strong power of selected genetic 
instruments. 

3.2. Univariable and multivariable Mendelian randomization 

UVMR indicated a protective effect of genetically predicted serum albumin levels on neuroticism in the main IVW analyses (β =
− 0.006 S.D.; 95 % CI: 0.009, − 0.002; p = 0.003, Fig. 2). Meanwhile, a direct causal association of serum albumin level with neuroticism 
(β = 0.009 S.D.; 95 % CI: 0.001, 0.016; p = 0.037, Fig. 3) and SI (β = 0.120 S.D.; 95 % CI: 0.059, 0.0180; p < 0.001, Fig. 4 and Fig. 5) was 
also observed using the IVW method. Similar results were gotten from the mr.raps, the simple mode, the weighted median, and 
weighted mode analyses (Table 1 and Appendix S2). 

In addition, the MVMR analysis was conducted to examine the mediation effect of neuroticism on the causal association of serum 
albumin with SI. Results showed a significant direct causal effect of neuroticism on SI after adjusting the serum albumin (β = 0.120 SD.; 
95 % CI: 0.053, 0.187; p < 0.001). There was no significant direct effect of serum albumin on SI after adjusting neuroticism (β = 0.007 
S.D.; 95 % CI: 0.001, 0.014; p = 0.080), which suggested that neuroticism had complete mediating effect on the causal relationship 
between serum albumin levels and SI (Fig. 6). 

3.3. Sensitivity analysis 

In this study, sensitivity analysis approaches, such as the IVW, the mr.raps, MR Egger, leave-one-out analysis, and MR-PRESSO, 
were used to assess biases (Table 2). The results of the IVW and the mr.raps were concordant, i.e. , the difference test between 
these two estimates is not significant (Appendix S3). The MR-Egger intercept, Cochran’s Q test, and MR-PRESSO analysis did not show 
horizontal pleiotropy (Appendix S4-S6). The leave-one-out analysis showed that the overall error line was not significantly changed 
after removing each SNP (all error lines are to the right of 0 or to the left of 0) (Appendix S7). The CI of MR-Egger included 0, which 
suggested a possible violation for the assumption of no measurement error [36]. 

4. Discussion 

Growing evidence suggests significant effects of serum albumin and neuroticism on suicide in depressed patients with uncertain 
causal relationships. In this study, the causal association of serum albumin with neuroticism and SI was explored within an MR 
framework using large-scale GWAS data, while the mediation effect of neuroticism on the association of serum albumin with SI was 
investigated in depressive patients. Our results provided strong genetic evidence for a causal effect of serum albumin on SI and a 
complete mediation of neuroticism on this causal association in patients with depression. 

Fig. 3. Mendelian Randomization (MR) Plots for Relationship of serum albumin vs. neuroticism. A, Scatter plot of single-nucleotide poly-
morphism (SNP) potential effects on serum albumin vs. neuroticism, with the slope of each line corresponding to estimated MR effect per method. B, 
Forest plot of individual and combined SNPMR-estimated effects sizes. Data are expressed as raw β values with 95 % CI. 
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This study observed a casual association of serum albumin with SI in patients with depression. This finding is consistent with 
previous reports [13,37]. For example, a previous study has observed a lowered serum albumin level in patients with major depressive 
disorder, but it is increased after antidepressant treatment [37]. Another study in depressive patients has observed an inverse asso-
ciation between the level of serum albumin and the severity of depressive symptoms only in these patients ever having suicide attempt 
[13]. In contrast, some studies found no significant relationship between serum albumin and suicide [38,39]. The reason for these 
controversial findings might include that observational studies are unable to fully account for confounding factors and mediators, such 
as personality trait. Our findings from a genetic perspective clarified the causal relationship between serum albumin and SI. We 
hypotheses that the causal relationship may be associated with changes of serum albumin on brain structures. For example, serum 
albumin has been proven to improve brain circulation and exert a protective effect on neurons and glia [25]. An increased density of 
microglia has been observed in the thalamus, anterior cingulate cortex, and dorsolateral prefrontal cortexof the depressed suicidal 
patients compared to health controls [40]. Another study has observed an increased density of microglia in the white matter of the PFC 
in depressed suicidal patients compared to non-suicidal subjects [41]. Moreover, the role of microglia in suicide is considered as a new 
therapeutic target for suicide prevention [42]. Thus, the effects of serum albumin on SI in depressed patients may be mediated via its 
effects on microglia. 

Neuroticism is a stable personality trait and individuals with high neuroticism are prone to distortions in thinking and cognition, 
presence of loneliness, impulsive behavior, and negative emotional, which are also important components of suicidal susceptibility 
[43]. In the present study, we found a direct causal association between neuroticism and SI in individuals with depression. Namely, 
neurotic personality directly increased the risk of suicide. This is similar to findings in a previous study that higher in neuroticism 
scores is associated with stronger SI [44]. The Suicide Schema Assessment Model [45] considers that neurotic individual has a selective 
processing bias for negative information, which causes itself sustaining negative emotional states and has a disposition to 
suicide-related information. This in turn inhibits adaptive cognitions and behaviors, and activates suicidal schemas, and subsequently 
results in hopelessness and distress. To escape from unbearable hopelessness and distress, individuals tend to develop SI. Overall, the 
established theories and published studies have evidenced that individuals with higher neuroticism preferably focus on the negative 
components of events, have less ability to regulate emotions and caught up in negative emotions, followed by increasing stress sus-
ceptibility and risk of SI [46]. This suggests that personality traits, especially the high neuroticism, should be vigorously emphasized in 
the clinical assessment, prevention, and treatment of suicidal ideation in patients with depression. 

In addition, we also found a casual effect of genetically predicted serum albumin levels on neuroticism, and neuroticism mediated 
of the causal association between serum albumin and SI. Although it lacks observational studies on the causal association between 
serum albumin and neuroticism, previous studies have suggested that individuals with high neuroticism tend to be more emotionally 
unstable and have a higher stress susceptibility [47]. Moreover, serum albumin is extremely sensitive to environmental stressors and 
can reflect emotional states [12]. These findings suggest that albumin may also be a potential biomarker for stress response in in-
dividuals with high level neuroticism. From the molecular level, albumin is an extracellular molecule to maintain the plasma redox 
state, and lower albumin level predisposes to elevate the levels of free radicals [48], which are detected in individuals with a history of 

Fig. 4. Scatter plot. Scatter plot of single-nucleotide polymorphism (SNP) potential effects on neuroticism vs. suicidal ideation, with the slope of 
each line corresponding to estimated MR effect per method. 
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SI over the last three months [49] and neuroticism [50]. Simultaneously, serum albumin is also a transporter and storage protein for 
fatty acids. Several studies have found that the deficiency of omega-3 polyunsaturated fatty acids is associated with depression 
symptom, neuroticism, and suicide [51,52]. In addition, serum albumin has been revealed to involve in the inflammation [53], such as 
that abnormal levels of some inflammatory factors are strongly associated with SI in patients with depression [54,55]. Individuals with 
high neuroticism also show elevated levels of inflammatory cytokines [24]. Collectively, these previous findings provide potential 
molecular evidence to support our findings directly or indirectly. However, experimental studies are still necessary to further conform 
the causality, mechanisms, and treatment potential for serum albumin involving in SI in depressed patients. 

Fig. 5. Forest plot. Forest plot of individual and combined SNP MR-estimated effects sizes on neuroticism vs. suicidal ideation. Data are expressed 
as raw β values with 95 % CI. 
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5. Conclusion 

This study provided strong genetic evidence for the causal association between serum albumin and SI, and a mediating effect of 
neuroticism on this causal association. Our findings will contribute to better prediction and intervention of SI in patients with 
depression with the serum albumin and personality traits. 

6. Limitations and implications 

There are some limitations in this study. First, although the genetic variance is less affected by behavioral, social, and psychological 
confounders, Mendelian randomization analysis is inherently an epidemiological approach. Other factors such as the influence of 
individual childhood trauma or acute stressful events are also important and need attention in future studies. Second, this study used 
pooled GWAS data, which could not assess the non-linear relationship between exposure and outcome. It also could not be stratified by 
factors such as sex and age because of the lack of individual data. Third, the genetic sample was onlyfrom European ancestry in this 
study, which limits the extrapolation of findings. The reliability of findings in this study should be verified in other ethnic groups. Next 
but not last, although this study conducted a pleiotropy test through the MR-Egger intercept and MR-PRESSO, pleiotropy could cause 
the assumptions of independence and exclusivity to be invalid, which in turn affects the robustness of Mendelian randomization. 
Therefore, future studies should adopt more methods of pleiotropy tests to take into account the effect of gene pleiotropy and sample 
structure [56]. 

Table 1 
MR results for the relationship among serum albumin, neuroticism and suicidal ideation.  

Mendelian randomization (MR) Exposure vs. Outcome IVM β (95 % CI) MR.raps β (95 % CI) P (IVW) P (mr.raps) SNPs 

UVMR (total effect)  
SA vs. Ne − 0.006 (− 0.009, − 0.002) − 0.005 (− 0.007, − 0.003) 0.003 0.001 10  
SA vs. SI 0.009 (0.001, 0.016) 0.010 (0.006, 0.018) 0.037 0.036 9  
Ne vs. SI 0.119 (0.058, 0.179) 0.118 (0.055, 0.181) <0.001 <0.001 73 

MVMR (direct effect) SA vs. SI 0.007 (− 0.001, 0.014) / 0.08 / 9 
Ne vs. SI 0.120 (0.053, 0.187) / <0.001 / 9 

Note: UVMR, Univariate MR; MVMR, Multivariate MR; SA, serum albumin; Ne, neuroticism; SI, suicidal ideation; IVW, the inverse-variance weighted 
method. The same below. 

Fig. 6. Mediation Model Diagram. A diagram illustrating the breakdown of (A) the total effect of serum albumin on suicidal ideation into (B) a 
direct effect and an indirect effect via neuroticism. 

Table 2 
Sensitivity analysis for the relationship among serum albumin, neuroticism and suicidal ideation.  

Exposure vs. Outcome Method Test of heterogeneity Test of pleiotropy 

Q P values Egger intercept P values 

SA vs. SI MR Egger 6.301 0.505 − 0.001 0.950 
IVW 6.305 0.613 

SA vs. Ne MR Egger 14.214 0.076 − 0.001 0.640 
IVW 14.633 0.101 

Ne vs. SI MR Egger 69.642 0.523 − 0.001 0.560 
IVW 69.983 0.545  
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[21] A.M. García Herrero, J. Sánchez-Meca, F.J. Álvarez Muñoz, M. Rubio-Aparicio, F. Navarro-Mateu, [Neuroticism and suicidal thoughts: a meta-analytic study], 
Rev. Esp. Salud Publica 92 (2018) e201808049. 

[22] J.D. Hafferty, L.B. Navrady, M.J. Adams, D.M. Howard, A.I. Campbell, H.C. Whalley, S.M. Lawrie, K.K. Nicodemus, D.J. Porteous, I.J. Deary, A.M. McIntosh, The 
role of neuroticism in self-harm and suicidal ideation: results from two UK population-based cohorts, Soc. Psychiatr. Psychiatr. Epidemiol. 54 (2019) 
1505–1518, https://doi.org/10.1007/s00127-019-01725-7. 

[23] D.H. Barlow, K.K. Ellard, S. Sauer-Zavala, J.R. Bullis, J.R. Carl, The origins of neuroticism, Perspect. Psychol. Sci. J. Assoc. Psychol. Sci. 9 (2014) 481–496, 
https://doi.org/10.1177/1745691614544528. 

[24] A.R. Sutin, A. Terracciano, B. Deiana, S. Naitza, L. Ferrucci, M. Uda, D. Schlessinger, P.T. Costa, High neuroticism and low conscientiousness are associated with 
interleukin-6, Psychol. Med. 40 (2010) 1485–1493, https://doi.org/10.1017/S0033291709992029. 

[25] K.D. Prajapati, S.S. Sharma, N. Roy, Current perspectives on potential role of albumin in neuroprotection, Rev. Neurosci. 22 (2011) 355–363, https://doi.org/ 
10.1515/RNS.2011.028. 

[26] E. Bondy, D.A.A. Baranger, J. Balbona, K. Sputo, S.E. Paul, T.F. Oltmanns, R. Bogdan, Neuroticism and reward-related ventral striatum activity: Probing 
vulnerability to stress-related depression, J. Abnorm. Psychol. 130 (2021) 223–235, https://doi.org/10.1037/abn0000618. 

[27] Z. Zhuang, M. Gao, R. Yang, N. Li, Z. Liu, W. Cao, T. Huang, Association of physical activity, sedentary behaviours and sleep duration with cardiovascular 
diseases and lipid profiles: a Mendelian randomization analysis, Lipids Health Dis. 19 (2020) 86, https://doi.org/10.1186/s12944-020-01257-z. 

[28] C.A. Emdin, A.V. Khera, S. Kathiresan, Mendelian randomization, JAMA 318 (2017) 1925–1926, https://doi.org/10.1001/jama.2017.17219. 
[29] E. Sanderson, Multivariable Mendelian randomization and mediation, Cold Spring Harb. Perspect. Med. 11 (2021) a038984, https://doi.org/10.1101/ 

cshperspect.a038984. 
[30] B.P. Prins, K.B. Kuchenbaecker, Y. Bao, M. Smart, D. Zabaneh, G. Fatemifar, J. Luan, N.J. Wareham, R.A. Scott, J.R.B. Perry, C. Langenberg, M. Benzeval, 

M. Kumari, E. Zeggini, Genome-wide analysis of health-related biomarkers in the UK Household Longitudinal Study reveals novel associations, Sci. Rep. 7 
(2017) 11008, https://doi.org/10.1038/s41598-017-10812-1. 

[31] P. Turley, R.K. Walters, O. Maghzian, A. Okbay, J.J. Lee, M.A. Fontana, T.A. Nguyen-Viet, R. Wedow, M. Zacher, N.A. Furlotte, , 23andMe Research Team, Social 
Science Genetic Association Consortium, P. Magnusson, S. Oskarsson, M. Johannesson, P.M. Visscher, D. Laibson, D. Cesarini, B.M. Neale, D.J. Benjamin, Multi- 
trait analysis of genome-wide association summary statistics using MTAG, Nat. Genet. 50 (2018) 229–237, https://doi.org/10.1038/s41588-017-0009-4. 

[32] S. Burgess, R.M. Daniel, A.S. Butterworth, S.G. Thompson, EPIC-InterAct Consortium, Network Mendelian randomization: using genetic variants as instrumental 
variables to investigate mediation in causal pathways, Int. J. Epidemiol. 44 (2015) 484–495, https://doi.org/10.1093/ije/dyu176. 

[33] M. Verbanck, C.-Y. Chen, B. Neale, R. Do, Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between 
complex traits and diseases, Nat. Genet. 50 (2018) 693–698, https://doi.org/10.1038/s41588-018-0099-7. 

[34] J. Bowden, G. Davey Smith, S. Burgess, Mendelian randomization with invalid instruments: effect estimation and bias detection through Egger regression, Int. J. 
Epidemiol. 44 (2015) 512–525, https://doi.org/10.1093/ije/dyv080. 

[35] S. Wang, H. Kang, Weak-instrument robust tests in two-sample summary-data Mendelian randomization, Biometrics 78 (2022) 1699–1713, https://doi.org/ 
10.1111/biom.13524. 

[36] W. Zhou, G. Liu, R.J. Hung, P.C. Haycock, M.C. Aldrich, A.S. Andrew, S.M. Arnold, H. Bickeböller, S.E. Bojesen, P. Brennan, H. Brunnström, O. Melander, N. 
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