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Background and Purpose: Previous studies found inconsistent results for the relationship between Alzheimer's disease and the levels of dehydroepiandrosterone and dehydroepiandrosterone sulfate. This study performed a systematic review and meta-analysis to evaluate previous studies' results on this relationship.

Method: Studies related to this outcome were obtained using a systematic search from the electronic databases of PubMed, Embase, Web of Science, and Psyc-ARTICLES in March 2018. The random-effects model was used to measure the strength of the association between Alzheimer's disease and the levels of dehydroepiandrosterone and dehydroepiandrosterone sulfate, using the standardized mean difference.

Results: Thirty-one eligible studies were included in the final analysis. There was no statistically significant association between the level of dehydroepiandrosterone and Alzheimer's disease (standardized mean difference: 0.51, 95% confidence interval: −0.44 to 1.45, Z = 1.06, p = 0.29). On the other hand, lower level dehydroepiandrosterone sulfate was observed in patients with Alzheimer's disease than in controls (standardized mean difference: −0.69, 95% confidence interval: −1.17 to −0.22, Z = −2.84, p < 0.01).

Conclusion: Decreased dehydroepiandrosterone sulfate concentrations may be an important indicator for Alzheimer's disease, although whether dehydroepiandrosterone sulfate could be used as a diagnostic tool requires further research.
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INTRODUCTION

Alzheimer's disease (AD) is a progressive neurodegenerative disorder with complex etiology characterized by intellectual decline including language breakdown, and memory loss (Scheltens et al., 2016). The incidence of AD has increased in recent years worldwide (The Lancet, 2016). Therefore, AD is a major public health problem worldwide. Early detection/diagnosis of AD may help to implement interventions, which may lead to better progress and reduced burden of the disease (Scheltens et al., 2016). There have been long preclinical phases before the full-blown dementia syndrome appears (Anderson et al., 2017). Biomarkers with high sensitivity and specificity can help in the investigation of the pathophysiology of AD and this may help detect AD as early as possible (Liu et al., 2018). Recent advances in cognitive neuroscience proposed that biomarkers such as dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEA-S) may be promising new options for the screening, treatment, and prevention of AD. In this regard, some studies have suggested that concentrations of DHEA and DHEA-S may decrease with age (Goncharov and Katsia, 2013). Physiologically, both DHEA and DHEA-S arise from the zona reticularis of the adrenal cortex (Rammouz et al., 2011a). In addition, certain neurons are also prone to producing small amounts of DHEA and DHEA-S. These substances (DHEA and DHEA-S) are abundant in the brain and regulate the activity of neurons through cell membrane receptors. Importantly, DHEA and DHEA-S are neuroactive steroids, which may contribute to the development of AD and play an important role in the brain aging by influencing synaptic connectivity and neuronal differentiation (Rammouz et al., 2011b).

The tendency of DHEA and DHEA-S to associate with AD brings many hypotheses. For example, the decreased DHEA and DHEA-S levels in AD individuals may have an important bearing in the pathogenesis of this disease in view of widely documented effects of DHEA and DHEA-S on memory facilitation, neuroprotection, neuronal plasticity and neurogenesis in different experimental models (Zdrojewicz and Ciszko, 2001; Klinge et al., 2018). In more concrete terms, the imbalance of DHEA and DHEA-S plays an important role in the progression of neurotransmission disarrangement, which would induce further the presence of extracellular deposits of Amyloid β (Aβ) protein, senile plaques, and intracellular fibrillary tangles, hence inducing symptoms of pre-dementia, like hypo-activity, gait disturbances and decline of cognitive functioning (Arbo et al., 2018). Interestingly, existing clinical research also suggest that AD patients show lower DHEA-S levels in striatum, cerebellum, and hypothalamus. Besides, a negative correlation was observed between DHEA-S and phospho-tau protein levels in hypothalamus, and between DHEA-S and Aβ peptide levels in striatum and cerebellum (Weill-Engerer et al., 2002; Jiménez-Rubio et al., 2017). In summary, DHEA-S has a very long half-life and hence may make an attractive biomarker by which to assess AD status or progression (Legrain et al., 2000).

Therefore, the preceding evidence supports the hypothesis that DHEA and DHEA-S are involved in the pathophysiology of cognitive decline symptoms in AD patients. However, results of other studies contradicted with this hypothesis. Therefore, there was need to conduct a meta-analysis, which can provide a gold-standard approach to data aggregation (Rasmuson et al., 2011). In addition, DHEA and DHEA-S have been marketed in many countries as health supplement (Racchi et al., 2003), without the rigorous scientific evaluation of its effect and potential risks. Thus, this study summarized results of previous studies on the association of DHEA and DHEA-S levels with AD and quantified the strength of this relationship.

METHODS

Search Strategy and Selection Criteria

This systematic review and meta-analysis has been registered and the full protocol was uploaded to the International Prospective Register of Systematic Reviews website (CRD 42018112810). Moreover, this systematic review and meta-analysis followed the Cochrane Handbook guidelines, and reported results as recommended by the Preferred Reporting Items for Systematic Reviews, and Meta-Analyses (PRISMA) guidelines (Moher et al., 2010). We searched relevant studies/articles from four electronic databases: PubMed, Embase, Web of Science, and Psyc-ARTICLES. Our search was restricted to all articles published in English from inception of a database to March 8, 2018. An experienced librarian designed our search strategy, which involved keywords related to the following concepts: (1) dehydroepiandrosterone (DHEA) or dehydroepiandrosterone-sulfate (DHEA-S); and (2) Alzheimer's Disease (AD). The detailed search strategies for the four databases were listed in Appendix 1.

Eligibility Criteria

Studies were considered eligible if they (1) were case control studies, which compared AD cases with healthy controls; (2) used AD diagnostic criteria based on standardized criteria, such as in the DSM or NINCDS-ARDRA. (3) measured DHEA and DHEA-S concentrations in AD patients and controls; (4) reported mean and standard deviation (SD) of DHEA and DHEA-S concentrations for AD patients, and controls. Studies were excluded if they (1) were review articles or case reports; (2) studied AD in combination with other mental illnesses; (3) Mild Cognitive Impairment (MCI) or vascular dementia patients, who used psychotropic medication or other medications which could influence the DHEA and DHEA-S levels; (4) were animal or in vitro experiments; (5) were gray literature (i.e., unpublished reports).

Two of the authors [XP and AC] independently screened articles and selected eligible studies. In case of disagreement the final decision was made in consultation with the corresponding author [AL].

Data Extraction

After selecting the eligible studies, the two authors [XW and AC] independently extracted information on the following variables according to the purpose of this study: (1) name of the first author and publication year; (2) country of the study; (3) study design; (4) mean age and standard deviation (mean, SD) of subjects; (5) gender distribution of subjects; (6) AD assessment method; (7) DHEA and DHEA-S measurements, such as type of sample, sample collection time, storage temperatures, and assay methods; (8) mean and SD of DHEA and DHEA-S concentrations. All the extracted data were organized in EpiData 3.0 and saved in Excel.

Quality Evaluation

The Newcastle-Ottawa Quality Assessment Scale (NOS) was used to assess the quality of the eligible studies (Wells et al., 2011). Each of them was evaluated based on three broad perspectives: (1) Selection (4 points): representativeness of the sample, adequacy of the definition and selection of controls; (2) Comparability (2 points): whether the subjects in different outcome groups are comparable based on the study design or analysis, and confounding factors are controlled; (3) Outcome (3 points): ascertainment of exposure, same method of ascertainment for cases, and controls, and non-response rate. According to the pre-specified scoring criteria of this instrument, the total scores ranged from 0 to 9 and studies scoring 7–9, 3–6, and 0–3 points were graded as high, moderate and low quality, respectively. This assessment was also done by the two authors [XW and AC] independently, and inconsistencies were resolved by a group discussion. The scoring method and scores for each aspect of the quality assessment are shown in the Appendix 2.

Statistical Analysis

All analyses were carried out using R software (version R i386 3.4.2). First, we performed meta-analyses of all the enrolled studies to compare concentrations of DHEA and DHEA-S between AD patients and healthy controls. The means and corresponding standard deviations (SDs) for DHEA concentrations were converted to nmol/mL, whereas for DHEA-S they were converted to μmol/mL. Then the standardized mean differences (SMD) with corresponding 95% confidence intervals (CIs) were calculated to evaluate the strength of the relationship between AD and the concentrations DHEA and DHEA-S (Higgins et al., 2003; Pan et al., 2018a). The effect size was considered large when SMD was >0.8, moderate when it was between 0.5 and 0.8, and low when it was lower than 0.5. Heterogeneity was assessed by the Cochran's Q-statistic, the I2 test was also used to reflect the possibility of heterogeneity between enrolled studies (Higgins et al., 2003; Pan et al., 2018b). The I2 = 0% indicated no heterogeneity, and the I2 = 100% indicated maximal heterogeneity. In order to supply quantitative evidence from all selected studies and minimize the variance of the summary SMD, we used random-effects model (when I2> 50%) or fixed-effects model (when I2≤ 50%) (Berkey et al., 1995).

Subgroup analyses were conducted to explore the impact of type of tissue samples used, sample storage temperature, and assay method used for the measurement of DHEA and DHEA-S, country of study, NOS of studies, age of AD patients, and AD assessment tool used. Sensitivity analysis was performed to examine whether results could be influenced significantly by excluding individual studies in turn. Finally, the Egger funnel plot was constructed to assess its symmetry for the presence of any publication bias, and this was verified using Egger's linear regression test (Egger et al., 1997). In all the statistical tests, the level of significance for the effect size estimation was set at the 5%, and all tests were two-sided.

RESULTS

Literature Search

The search strategies yielded 598 relevant articles, of which, 111 were from PubMed, 167 from Embase, 277 from Web of Science, and 43 from PsycARTICLES. A total of 31 articles met the inclusion criteria and were included in the final analysis (Figure 1).
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FIGURE 1. Flow chart of study selection. Showing the process by which relevant studies retrieved from the databases were assessed and selected or excluded.



Characteristics of Eligible Studies

Table 1 presents the characteristics of the 31 eligible studies. Altogether, these studies compared DHEA-S concentrations between 1,017 AD patients and 1,171 healthy controls, and DHEA concentrations between 318 AD patients and 297 healthy controls. The NOS scores of these studies varied between 5 and 8, with 4 studies graded as high quality and 27 as moderate quality.


Table 1. Characteristics of studies included in the meta-analysis.
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Overall Comparison

Figure 2 presents the results of the meta-analysis using random-effects model. Taking the 15 studies which compared DHEA concentrations between AD patients and healthy controls, the results showed that there was no significant difference (k = 15, SMD = 0.51, 95%CI: −0.44 to 1.45, Z = 1.06, p = 0.291), and heterogeneity was considerable (I2= 95.4%). A similar analysis on 28 studies comparing DHEA-S concentrations between 1,017 AD patients and 1,171 healthy controls showed that DHEA-S levels were significantly lower in AD patients than in the controls (k = 28, SMD = −0.69, 95% CI: −1.17 to −0.22, Z = −2.84, p = 0.004), but with high heterogeneity (I2 = 95.3%). Figure 3 shows the forest plot of DHEA-S concentrations for both groups.
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FIGURE 2. Forest plot of DHEA between AD participants and controls. Study effect sizes of DHEA differences between Alzheimer's disease and controls. Each data marker represents a study, and the size of the data marker is proportional to the total number of individuals in that study. The summary effect size for each DHEA is denoted by a diamond. AD, Alzheimer's disease; SMD, standardized mean difference.
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FIGURE 3. Forest plot of DHEA-S between AD participants and controls. Study effect sizes of DHEA-S differences between Alzheimer's disease and controls. Each data marker represents a study and the size of the data marker is proportional to the total number of individuals in that study. The summary effect size for each DHEA-S is denoted by a diamond. AD, Alzheimer's disease; SMD, standardized mean difference.



Subgroup Analyses

Tables 2, 3 show the results of subgroup analyses. Higher DHEA concentrations were observed in AD patients than in healthy controls (k = 5, SMD = 2.54, 95% CI: 0.32 to 4.76, Z = 2.24, p = 0.025) for studies with patients aged 80 years or older. Also, DHEA concentrations were significantly higher in AD patients than in healthy controls (k = 6, SMD = 0.40, 95%CI: 0.08 to 0.72, Z = 2.46, p = 0.014) with no heterogeneity (I2= 0%), when studies from Sweden only were considered. Furthermore, heterogeneity was considerably lower when morning samples or Radioimmunoassay (RIA) was used in the assay of DHEA. On the other hand, no significant difference on DHEA-S concentrations was found between AD patients and healthy controls, when a plasma or assay method other than RIA was used. Additionally, no significant difference on DHEA-S concentrations was observed between AD patients and healthy controls, when AD was not assessed by NINCDS-ARDRA or country of studies was not Italy. Interestingly, for subgroup analysis with high NOS scores, heterogeneity was notably lower compared with the heterogeneity of the overall analysis. To further investigate whether the severity forms of AD affected the overall outcome, two additional subgroup analyses, with respect to DHEA and DHEA-S, were performed. As regards DHEA, two exploratory subgroup analyses separating the different severity forms of AD were conducted, but there was no significant difference between individuals with different severity forms of AD and controls. Nevertheless, significantly lower DHEA-S was found in moderate AD patients compared to controls (k = 17, SMD = −1.12, 95% CI −1.71; −0.53, Z = −3.72, p = 0.002). Also, there was no significant difference between individuals with mild or severe AD and controls.


Table 2. DHEA subgroup analysis.
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Table 3. DHEA-S subgroup analysis.
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Sensitivity and Bias Analysis

Sensitivity analysis showed little change in SMD and corresponding 95% CI after each individual study was omitted, one at a time, suggesting that the current meta-analysis data were relatively stable. The graphical Egger funnel plots of both DHEA and DHEA-S were symmetrical and Egger's tests scored P-values of 0.58 and 0.18 (Figure 4), respectively, confirming low possibility of publication bias of the included studies.
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FIGURE 4. Egger funnel plots of DHEA (A) and DHEA-S (B). Egger funnel plots to assess publication bias. Plots show study size as a function of effect size for studies included in the meta-analysis. The dots represent each study.



DISCUSSION

Our results showed that there was no association between AD and DHEA concentrations. On the other hand, DHEA-S concentrations were significantly lower in AD patients than in healthy controls. Several recent studies suggested that DHEA and DHEA-S levels are associated with AD, but the results are inconsistent. Several reviews have been published and they suggest that DHEA and DHEA-S levels may play a role in the risk of developing AD (Cho et al., 2006; Aldred and Mecocci, 2010). To the best of our knowledge, this is the first meta-analysis to explore the associations of DHEA and DHEA-S concentrations with AD status.

Noteworthy is the fact that DHEA is a testosterone precursor and a recent meta-analysis on testosterone concentrations and risk for AD found that lower plasma testosterone concentrations were significantly associated with increased risk for AD in the elderly subjects (Lv et al., 2016). Several lines of investigation have shown that testosterone in elderly subjects would improve the memory deficits of aging (Resnick et al., 2017). Moreover, a study proved that old male macaques have a reduced expression of enzyme 3β-hydroxysteroid dehydrogenase in the hippocampus (Sorwell et al., 2012). Consequently, they are less capable of centrally converting DHEA to testosterone, which may explain our finding of DHEA.

Regarding DHEA-S, the neuroactive steroids hypothesis of AD postulated that the changes in the brain, as a result of the disturbances of the processes involving the DHEA-S factors (Goncharov and Katsia, 2013), which indicated that DHEA-S has important roles in the changes in the brains of patients and cognitive function in the elderly men. Further investigations are necessary for better understanding of the molecular mechanisms that account for these changes of DHEA-S and DHEA concentrations in AD. Experimental research showed that DHEA-S is a major neurosteroid, which display beneficial neuroprotective properties and improve altered cognitive processes such as learning and memory (Klinge et al., 2018). Meanwhile, several studies reported that the reduction of steroid hormones during aging might play an important role in the onset and progression of neurodegenerative diseases (de Menezes et al., 2016). Concentrations of DHEA-S have been seen to decline with aging and this has been associated with immune system dysfunction, increased oxidative stress and cognitive decline (Klinge et al., 2018).

In addition, evidence has shown that DHEA-S also produces antioxidant and anti-inflammatory effects. Experimental studies have demonstrated that DHEA-S concentrations protect rat and human hippocampal neuronal cells against oxidative stress-induced cellular damage (Vieira-Marques et al., 2016; Nguyen et al., 2017). Of note, accumulating evidence indicates that proinflammatory cytokines are present in neuritic plaques (a hallmark of AD) and may be regulated by DHEA-S (Barger et al., 2000). Moreover, inflammation mediated by activated microglia is known as an important factor in AD's pathophysiology (Barger et al., 2000). Evidence has also shown that a supplement of DHEA-S greatly increases neuronal survival and differentiation and reduces astroglial proliferation rates in mouse brain cells in cultures (Bologa et al., 1987). Furthermore, existing data also suggested that treatment with 7β-Hydroxy-epiandrosterone (7β-OH-EpiA), a derivative credited with providing DHEA-S with its neuroprotective effect, prevents the Aβ-induced increase of Tau-protein immunoreactivity in rat hippocampus (Dudas et al., 2004).

Interestingly, the animal studies have shown that rats administered with DHEA-S have been proven to reduce the deficits in working, reference, and spatial memory (Maurice et al., 1998). These effects were found in several animal models: Aβ administration in the brain, with olfactory bulbectomy-induced cognitive impairment, senescence induced by D-galactose, and aging (Maurice et al., 1998; Markowski et al., 2001; Chen et al., 2008; Sakr et al., 2014). Clinical studies have shown that in the elderly, men can suffer cognitive deficits after interventions, such as androgen deprivation therapy for prostate cancer (McHugh et al., 2018). This intervention results in inactivation of the interactions between these hormones (testosterone, DHEA and DHEA-S) with target tissue or reducing their levels. As a result, there is a marked decrease of the effects that DHEA and DHEA-S have in organs and tissues (Sun et al., 2018). The preceding findings may provide valuable evidence about the causes of memory alterations in middle-aged and elderly subjects and androgen suppression. Thus, in AD, the dysfunction of DHEA-S has been hypothesized as a new player in pathophysiology of AD. Overall, this hypothesis is in line with our findings. Thus, DHEA-S may provide a basis for effective interventions to reduce AD in future.

Furthermore, subgroup analyses were performed in this study to see if results could change with different specified subgroups of the eligible studies. The specified subgroups included a relatively small number of studies and this compromised the statistical efficiency of the analyses. Thus, results of these subgroup analyses should be seen as exploratory and should be interpreted cautiously.

Contrary to results of the overall comparisons, this meta-analysis demonstrated that studies conducted in Sweden showed that DHEA concentrations were significantly higher in AD patients than in healthy controls. Our result may suggest that different countries or regions may form different homogenous groups when investigating the relationship between DHEA and AD. However, more future investigations are needed to ascertain this hypothesis. In this study, heterogeneity could not be evaluated in terms of social political economic, ethnicity, technical level, and cultural factors, because these characteristics were rarely reported in the eligible studies. Thus, we considered country of study as a likely substitute because it contains all those characteristics (Tafazzoli et al., 2018). In addition, this meta-analysis demonstrated that significantly higher DHEA concentrations were observed in AD patients than in healthy controls among studies which enrolled subjects aged 80 or older. There is a growing body of evidence suggesting that concentrations of DHEA and DHEA-S might decrease with age. It is also important to note that, in contrast with DHEA, DHEA-S concentrations were significantly lower in AD patients than in healthy controls. This would make sense because DHEA is a substrate for DHEA-S synthesis and, in this regard, it may be suggested that the activity of sulfatase or molecular mechanisms of DHEA-S bioconversion were impaired in patients with AD (Aly et al., 2011). Further investigations are necessary to understand the molecular mechanisms that account for the changes of DHEA and DHEA-S levels in AD patients. The decline in DHEA-S levels has been associated with different severity forms of AD (Valenti et al., 2009). Our findings suggest that the decline in DHEA-S levels may be a part of a decompensatory process in pathophysiology of moderate AD. This may explain why DHEA-S regulation was normal in the compensatory phase of mild AD, while the moderate AD developed to the decompensatory phase, which will result in different degrees of DHEA-S disorder. Moreover, the failure of this compensation mechanism may underlie the development of severe AD. Therefore, there is a clear need for more prospective studies to validate these hypotheses about the relation between the DHEA-S and different severity forms of AD. Also, this meta-analysis demonstrated no significant difference in the concentrations of DHEA-S between AD patients and healthy controls, when plasma DHEA-S was measured or assayed methods were not RIA. Our result may suggest that studies using serum sample and RIA when measuring the relationship between DHEA-S and AD may have higher homogeneity (Huayllas et al., 2018). However, considering that most of the eligible studies did not report the time lag between the sample collection and analysis, assay results might have been affected significantly. Also, these inherent variables in biochemical measurements, different assay methods and lack of a standardized method of assay, the wide time span over which different studies were conducted (in addition to other variables of study design), and study population, make the comparisons between different subgroups very unreliable (Tamae et al., 2013). It is inappropriate to deduce from subgroup analysis that the technology of RIA is more reliable than other technologies, or to deduce that serum sample is better for the analysis of DHEA-S than other samples. Therefore, more future investigations are needed to compare measurement methods and samples when studying the relationship between AD and DHEA-S. These investigations shall need to take into account all the confounding factors specified above in the research design.

Limitations

This systematic review and meta-analysis is subject to several limitations. First, there was a limited number of eligible studies on the association between AD and concentrations of DHEA, leading to the lack of power in this analysis. Second, all studies for meta-analysis were case control in design, which could not make causality inference. Third, some factors that may influence concentrations of DHEA and DHEA-S, such as race/ethnicity, age, gender, body-mass index, smoking, drinking alcohol, and blood pressure were not examined due to limited sample size. High heterogeneity was observed for studies on both DHEA and DHEA-S concentrations between AD patients and healthy controls, which was not a surprise given the large variations in study designs and study populations (Villemagne and Chételat, 2016). Last, because we only focused on AD, MCI as a prodrome of AD was excluded (Ströhle et al., 2015). Thus, the analyses should be seen as exploratory and results should be interpreted cautiously.

CONCLUSIONS

Despite the above limitations, the findings of this study have important implications. In particular, the results of this study support the hypothesis that lower DHEA-S concentrations may be related to the development of AD. Although whether DHEA-S could be used as a diagnostic tool requires further research. Prospective studies are needed to assess the mechanisms of long-term changes in DHEA and DHEA-S concentrations in the course of AD development. Also, large scale randomized controlled trials could demonstrate whether DHEA and DHEA-S supplementations could slow down cognitive decline in AD patients. The results of this type of randomized controlled trials could also provide evidence of the usefulness of DHEA and DHEA-S as biomarkers for AD.

AUTHOR CONTRIBUTIONS

XP and AL contributed to the study design, while XW and AK contributed to the data collection. Statistical analyses and interpretation of results were performed by XW, whereas AL and SW drafted the manuscript and edited the language. All the authors participated in the critical revisions, and approved the final version of the manuscript.

ACKNOWLEDGMENTS

We are grateful to Central South University Library for the assistance during literature search. This study was funded by the Canadian Institutes of Health Research [CIHR grant # FDN-148438]. Furthermore, we sincerely appreciate the hard work from the distinguished editors and reviewers.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnagi.2019.00061/full#supplementary-material

REFERENCES

 Aldred, S., and Mecocci, P. (2010). Decreased dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) concentrations in plasma of Alzheimer's disease (AD) patients. Arch. Gerontol. Geriatr. 51, e16–e18. doi: 10.1016/j.archger.2009.07.001

 Aly, H. F., Metwally, F. M., and Ahmed, H. H. (2011). Neuroprotective effects of dehydroepiandrosterone (DHEA) in rat model of Alzheimer's disease. Acta Biochim. Pol. 58, 513–520. doi: 10.18388/abp.2011_2218

 Anderson, R. M., Hadjichrysanthou, C., Evans, S., and Wong, M. M. (2017). Why do so many clinical trials of therapies for Alzheimer's disease fail? Lancet. 390, 2327–2329. doi: 10.1016/S0140-6736(17)32399-1

 Arbo, B. D., Ribeiro, F. S., and Ribeiro, M. F. (2018). Astrocyte neuroprotection and dehydroepiandrosterone. Vitam. Horm. 108, 175–203. doi: 10.1016/bs.vh.2018.01.004

 Armanini, D., Vecchio, F., Basso, A., Milone, F. F., Simoncini, M., Fiore, C., et al. (2003). Alzheimer's disease: pathophysiological implications of measurement of plasma cortisol, plasma dehydroepiandrosterone sulfate, and lymphocytic corticosteroid receptors. Endocrine. 22, 113–118. doi: 10.1385/ENDO:22:2:113

 Attal-Khémis, S., Dalmeyda, V., Michot, J.-L., Roudier, M, and Morfin, R. (1998). Increased total 7α-hydroxy-dehydroepiandrosterone in serum of patients with Alzheimer's disease. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 53, B125–B132. doi: 10.1093/gerona/53A.2.B125

 Barger, S. W., Chavis, J. A., and Drew, P. D. (2000). Dehydroepiandrosterone inhibits microglial nitric oxide production in a stimulus-specific manner. J. Neurosci. Res. 62, 503–509. doi: 10.1002/1097-4547(20001115)62:4<503::AID-JNR4>3.0.CO;2-A

 Berkey, C. S., Hoaglin, D. C., Mosteller, F., and Colditz, G. A. (1995). A random-effects regression model for meta-analysis. Stat. Med. 14, 395–411. doi: 10.1002/sim.4780140406

 Bo, M., Massaia, M., Zannella, P., Cappa, G., Ferrario, E., Rainero, I., et al. (2006). Dehydroepiandrosterone sulfate (DHEA-S) and Alzheimer's dementia in older subjects. Int. J. Geriatr. Psychiatry 21, 1065–1070. doi: 10.1002/gps.1608

 Bologa, L., Sharma, J., and Roberts, E. (1987). Dehydroepiandrosterone and its sulfated derivative reduce neuronal death and enhance astrocytic differentiation in brain cell cultures. J. Neurosci. Res. 17, 225–234. doi: 10.1002/jnr.490170305

 Brown, R. C., Han, Z., Cascio, C., and Papadopoulos, V. (2003). Oxidative stress-mediated DHEA formation in Alzheimer's disease pathology. Neurobiol. Aging. 24, 57–65. doi: 10.1016/S0197-4580(02)00048-9

 Carlson, L. E., Sherwin, B. B., and Chertkow, H. M. (1999). Relationships between dehydroepiandrosterone sulfate (DHEAS) and cortisol (CRT) plasma levels and everyday memory in Alzheimer's disease patients compared to healthy controls. Horm. Behav. 35, 254–263. doi: 10.1006/hbeh.1999.1518

 Chen, C., Lang, S., Zuo, P., Yang, N., and Wang, X. (2008). Treatment with dehydroepiandrosterone increases peripheral benzodiazepine receptors of mitochondria from cerebral cortex in D-galactose-induced aged rats. Basic Clin. Pharmacol. Toxicol. 103, 493–501. doi: 10.1111/j.1742-7843.2008.00288.x

 Cho, S. H., Jung, B. H., Lee, W. Y., Chung, B. C., et al. (2006). Rapid column-switching liquid chromatography/mass spectrometric assay for DHEA-sulfate in the plasma of patients with Alzheimer's disease. Biomed. Chromatogr. 20, 1093–1097. doi: 10.1002/bmc.647

 de Menezes, K. J., Peixoto, C., Nardi, A. E., Carta, M. G., Machado, S., and Veras, A. B. (2016). Dehydroepiandrosterone, its sulfate and cognitive functions. Clin. Pract. Epidemiol. Ment. Health. 12, 24–37. doi: 10.2174/1745017901612010024

 Dudas, B., Hanin, I., Rose, M., and Wülfert, E. (2004). Protection against inflammatory neurodegeneration and glial cell death by 7beta-hydroxy epiandrosterone, a novel neurosteroid. Neurobiol. Dis. 15, 262–268. doi: 10.1016/j.nbd.2003.11.001

 Egger, M., Davey Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta-analysis detected by a simple, graphical test. BMJ. 315, 629–634. doi: 10.1136/bmj.315.7109.629

 Ferrari, E., Arcaini, A., Gornati, R., Pelanconi, L., Cravello, L., Fioravanti, M., et al. (2000). Pineal and pituitary-adrenocortical function in physiological aging and in senile dementia. Exp. Gerontol. 35, 1239–1250. doi: 10.1016/S0531-5565(00)00160-1

 Goncharov, N. P., and Katsia, G. V. (2013). [Neurosteroid dehydroepiandrosterone and brain function]. Fiziol. Cheloveka. 39, 120–128. doi: 10.1134/S036211971304004X

 Gulnora, R., Azimov, A., and Dilshod, T. (2015). The role of elisa in early diagnosis of Alzheimer's disease. Alzheimer's Dementia. 11:P872. doi: 10.1016/j.jalz.2015.08.068

 Higgins, J. P., Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). Measuring inconsistency in meta-analyses. BMJ. 327, 557–560. doi: 10.1136/bmj.327.7414.557

 Hillen, T., Lun, A., Reischies, F. M., Borchelt, M., Steinhagen-Thiessen, E., and Schaub, R. T. (2000). DHEA-S plasma levels and incidence of Alzheimer's disease. Biol. Psychiatry. 47, 161–163. doi: 10.1016/S0006-3223(99)00217-6

 Hoskin, E. K., Tang, M. X., Manly, J. J., and Mayeux, R. (2004). Elevated sex-hormone binding globulin in elderly women with Alzheimer's disease. Neurobiol. Aging. 25, 141–147. doi: 10.1016/S0197-4580(03)00046-0

 Huayllas, M. K. P., Netzel, B. C., Singh, R. J., and Kater, C. E. (2018). Serum cortisol levels via radioimmunoassay vs liquid chromatography mass spectrophotometry in healthy control subjects and patients with adrenal incidentalomas. Lab. Med. 49, 259–267. doi: 10.1093/labmed/lmy005

 Jiménez-Rubio, G., Herrera-Pérez, J. J., Hernández-Hernández, O. T., and Martínez-Mota, L. (2017). Relationship between androgen deficiency and memory impairment in aging and Alzheimer's disease. Actas Esp. Psiquiatr. 45, 227–247.

 Klinge, C. M., Clark, B. J., and Prough, R. A. (2018). Dehydroepiandrosterone research: past, current, and future. Vitam. Horm. 108, 1–28. doi: 10.1016/bs.vh.2018.02.002

 Leblhuber, F., Neubauer, C., Peichl, M., Reisecker, F., Steinparz, F. X., Windhager, E., et al. (1993). Age and sex differences of dehydroepiandrosterone sulfate (DHEAS) and cortisol (CRT) plasma levels in normal controls and Alzheimer's disease (AD). Psychopharmacology. 111, 23–26. doi: 10.1007/BF02257402

 Leblhuber, F., Windhager, E., Neubauer, C., Weber, J., Reisecker, F., and Dienstl, E. (1992). Antiglucocorticoid effects of DHEA-S in Alzheimer's disease. Am. J. Psychiatry. 149, 1125–1126. doi: 10.1176/ajp.149.8.1125-a

 Leblhuber, F., Windhager, E., Steinparz, F. X., Dienstl, E., Reisecker, F., and Rittmannsberger, H. (1991). Dehydroepiandrosterone-sulfate (DHEAS) serum levels in normal aging and Alzheimer's disease (AD). Age. 14, 116–118. doi: 10.1007/BF02435017

 Legrain, S., Massien, C., Lahlou, N., Roger, M., Debuire, B., Diquet, B., et al. (2000). Dehydroepiandrosterone replacement administration: pharmacokinetic and pharmacodynamic studies in healthy elderly subjects. J. Clin. Endocrinol. Metab. 85, 3208–3217. doi: 10.1210/jc.85.9.3208

 Liu, K. Y., Stringer, A. E., Reeves, S. J., and Howard, R. J. (2018). The neurochemistry of agitation in Alzheimer's disease: a systematic review. Ageing Res. Rev. 43, 99–107. doi: 10.1016/j.arr.2018.03.003

 Lv, W., Du, N., Liu, Y., Fan, X., Wang, Y., Jia, X., et al. (2016). Low testosterone level and risk of Alzheimer's disease in the elderly men: a systematic review and meta-analysis. Mol. Neurobiol. 53, 2679–2684. doi: 10.1007/s12035-015-9315-y

 Magri, F., Terenzi, F., Ricciardi, T., Fioravanti, M., Solerte, S. B., Stabile, M., et al. (2000). Association between changes in adrenal secretion and cerebral morphometric correlates in normal aging and senile dementia. Dement. Geriatr. Cogn. Disord. 11, 90–99. doi: 10.1159/000017220

 Markowski, M., Ungeheuer, M., Bitran, D., and Locurto, C. (2001). Memory-enhancing effects of DHEAS in aged mice on a win-shift water escape task. Physiol. Behav. 72, 521–525. doi: 10.1016/S0031-9384(00)00446-7

 Marx, C. E., Trost, W. T., Shampine, L. J., Stevens, R. D., Hulette, C. M., Steffens, D. C., et al. (2006). The neurosteroid allopregnanolone is reduced in prefrontal cortex in Alzheimer's disease. Biol. Psychiatry. 60, 1287–1294. doi: 10.1016/j.biopsych.2006.06.017

 Masera, R. G., Prolo, P., Sartori, M. L., Staurenghi, A., Griot, G., Ravizza, L., et al. (2002). Mental deterioration correlates with response of natural killer (NK) cell activity to physiological modifiers in patients with short history of Alzheimer's disease. Psychoneuroendocrinology. 27, 447–461. doi: 10.1016/S0306-4530(01)00062-2

 Maurice, T., Su, T. P., and Privat, A. (1998). Sigma1 (sigma 1) receptor agonists and neurosteroids attenuate B25-35-amyloid peptide-induced amnesia in mice through a common mechanism. Neuroscience. 83, 413–428. doi: 10.1016/S0306-4522(97)00405-3

 McHugh, D. J., Root, J. C., Nelson, C. J., and Morris, M. J. (2018). Androgen-deprivation therapy, dementia, and cognitive dysfunction in men with prostate cancer: how much smoke and how much fire? Cancer. 124, 1326–1334. doi: 10.1002/cncr.31153

 Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G. (2010). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Int. J. Surg. 8, 336–341. doi: 10.1016/j.ijsu.2010.02.007

 Murialdo, G., Barreca, A., Nobili, F., Rollero, A., Timossi, G., Gianelli, M. V., et al. (2000). Dexamethasone effects on cortisol secretion in Alzheimer's disease: some clinical and hormonal features in suppressor and nonsuppressor patients. J. Endocrinol. Invest. 23, 178–186. doi: 10.1007/BF03343703

 Näsman, B., Olsson, T., Bäckström, T., Eriksson, S., Grankvist, K., Viitanen, M., et al. (1991). Serum dehydroepiandrosterone sulfate in Alzheimer's disease and in multi-infarct dementia. Biol. Psychiatry. 30, 684–690. doi: 10.1016/0006-3223(91)90013-C

 Näsman, B., Olsson, T., Fagerlund, M., Eriksson, S., Viitanen, M., and Carlström, K. (1996). Blunted adrenocorticotropin and increased adrenal steroid response to human corticotropin-releasing hormone in Alzheimer's disease. Biol. Psychiatry. 39, 311–318. doi: 10.1016/0006-3223(95)00173-5

 Nasman, B., Olsson, T., Seckl, J. R., Eriksson, S., Viitanen, M., Bucht, G., et al. (1995). Abnormalities in adrenal androgens, but not of glucocorticoids, in early Alzheimer's disease. Psychoneuroendocrinology. 20, 83–94. doi: 10.1016/0306-4530(94)E0044-A

 Naylor, J. C., Hulette, C. M., Steffens, D. C., Shampine, L. J., Ervin, J. F., Payne, V. M., et al. (2007). Cerebrospinal fluid DHEA levels are elevated in Alzheimer's disease, related to neuropathological disease stage, and correlated with brain DHEA levels. Biol. Psychiatry. 61S:142S. doi: 10.1210/jc.2007-1229

 Naylor, J. C., Kilts, J. D., Hulette, C. M., Steffens, D. C., Blazer, D. G., Ervin, J. F., et al. (2010). Allopregnanolone levels are reduced in temporal cortex in patients with Alzheimer's disease compared to cognitively intact control subjects. Biochim. Biophys. Acta. 1801, 951–959. doi: 10.1016/j.bbalip.2010.05.006

 Nguyen, T. V., Wu, M., Lew, J., Albaugh, M. D., Botteron, K. N., Hudziak, J. J., et al. (2017). Dehydroepiandrosterone impacts working memory by shaping cortico-hippocampal structural covariance during development. Psychoneuroendocrinology. 86, 110–121. doi: 10.1016/j.psyneuen.2017.09.013

 Pan, X., Kaminga, A. C., Wen, S. W., and Liu, A. (2018a). Catecholamines in post-traumatic stress disorder: a systematic review and meta-analysis. Front. Mol. Neurosci. 11:450. doi: 10.3389/fnmol.2018.00450

 Pan, X., Wang, Z., Wu, X., Wen, S. W., and Liu, A. (2018b). Salivary cortisol in post-traumatic stress disorder: a systematic review and meta-analysis. BMC Psychiatry. 18:324. doi: 10.1186/s12888-018-1910-9

 Racchi, M., Balduzzi, C., and Corsini, E. (2003). Dehydroepiandrosterone (DHEA) and the aging brain: flipping a coin in the “fountain of youth”. CNS Drug Rev. 9, 21–40. doi: 10.1111/j.1527-3458.2003.tb00242.x

 Rammouz, G., Lecanu, L., Aisen, P., and Papadopoulos, V. (2011a). A lead study on oxidative stress-mediated dehydroepiandrosterone formation in serum: the biochemical basis for a diagnosis of Alzheimer's disease. J. Alzheimers Dis. 24(Suppl. 2), 5–16. doi: 10.3233/JAD-2011-101941

 Rammouz, G., Lecanu, L., and Papadopoulos, V. (2011b). Oxidative stress-mediated brain Dehydroepiandrosterone (DHEA) formation in Alzheimer's disease diagnosis. Front. Endocrinol. 2:69. doi: 10.3389/fendo.2011.00069

 Rasmuson, S., Näsman, B., Carlström, K., and Olsson, T. (2002). Increased levels of adrenocortical and gonadal hormones in mild to moderate Alzheimer's disease. Dement. Geriatr. Cogn. Disord. 13, 74–79. doi: 10.1159/000048637

 Rasmuson, S., Näsman, B., Eriksson, S., Carlström, K., and Olsson, T. (1998). Adrenal responsivity in normal aging and mild to moderate Alzheimer's disease. Biol. Psychiatry. 43, 401–407. doi: 10.1016/S0006-3223(97)00283-7

 Rasmuson, S., Näsman, B., and Olsson, T. (2011). Increased serum levels of dehydroepiandrosterone (DHEA) and interleukin-6 (IL-6) in women with mild to moderate Alzheimer's disease. Int. Psychogeriatr. 23, 1386–1392. doi: 10.1017/S1041610211000810

 Ray, L., Khemka, V. K., Behera, P., Bandyopadhyay, K., Pal, S., Pal, K., et al. (2013). Serum homocysteine, dehydroepiandrosterone sulphate and lipoprotein (a) in Alzheimer's disease and vascular dementia. Aging Dis. 4, 57–64.

 Resnick, S. M., Matsumoto, A. M., Stephens-Shields, A. J., Ellenberg, S. S., Gill, T. M., Shumaker, S. A., et al. (2017). Testosterone treatment and cognitive function in older men with low testosterone and age-associated memory impairment. JAMA. 317, 717–727. doi: 10.1001/jama.2016.21044

 Sakr, H. F., Khalil, K. I., Hussein, A. M., Zaki, M. S., Eid, R. A., and Alkhateeb, M. (2014). Effect of dehydroepiandrosterone (DHEA) on memory and brain derived neurotrophic factor (BDNF) in a rat model of vascular dementia. J. Physiol. Pharmacol. 65, 41–53.

 Scheltens, P., Blennow, K., Breteler, M. M., de Strooper, B., Frisoni, G. B., Salloway, S., et al. (2016). Alzheimer's disease. Lancet. 388, 505–517. doi: 10.1016/S0140-6736(15)01124-1

 Schneider, L. S., Hinsey, M., and Lyness, S. (1992). Plasma dehydroepiandrosterone sulfate in Alzheimer's disease. Biol. Psychiatry. 31, 205–208. doi: 10.1016/0006-3223(92)90206-F

 Schupf, N., Winsten, S., Patel, B., Pang, D., Ferin, M., Zigman, W. B., et al. (2006). Bioavailable estradiol and age at onset of Alzheimer's disease in postmenopausal women with Down syndrome. Neurosci. Lett. 406, 298–302. doi: 10.1016/j.neulet.2006.07.062

 Solerte, S. B., Fioravanti, M., Schifino, N., Cuzzoni, G., Fontana, I., Vignati, G., et al. (1999). Dehydroepiandrosterone sulfate decreases the interleukin-2-mediated overactivity of the natural killer cell compartment in senile dementia of the Alzheimer type. Dement. Geriatr. Cogn. Disord. 10, 21–27. doi: 10.1159/000017093

 Sorwell, K. G., Kohama, S. G., and Urbanski, H. F. (2012). Perimenopausal regulation of steroidogenesis in the nonhuman primate. Neurobiol. Aging. 33, e1–e13. doi: 10.1016/j.neurobiolaging.2011.05.004

 Ströhle, A., Schmidt, D. K., Schultz, F., Fricke, N., Staden, T., Hellweg, R., et al. (2015). Drug and exercise treatment of Alzheimer disease and mild cognitive impairment: a systematic review and meta-analysis of effects on cognition in randomized controlled trials. Am. J. Geriatr. Psychiatry. 23, 1234–1249. doi: 10.1016/j.jagp.2015.07.007

 Sun, M., Cole, A. P., Hanna, N., Mucci, L. A., Berry, D. L., Basaria, S., et al. (2018). Cognitive impairment in men with prostate cancer treated with androgen deprivation therapy: a systematic review and meta-analysis. J. Urol. 199, 1417–1425. doi: 10.1016/j.juro.2017.11.136

 Sunderland, T., Merril, C. R., Harrington, M. G., Lawlor, B. A., Molchan, S. E., Martinez, R., et al. (1989). Reduced plasma dehydroepiandrosterone concentrations in Alzheimer's disease. Lancet. 2, 570–570. doi: 10.1016/S0140-6736(89)90700-9

 Tafazzoli, A., Kansal, A., Lockwood, P., Petrie, C., and Barsdorf, A. (2018). The economic impact of new therapeutic interventions on Neuropsychiatric Inventory (NPI) symptom scores in patients with Alzheimer disease. Dement. Geriatr. Cogn. Dis. Extra. 8, 158–173. doi: 10.1159/000488140

 Tamae, D., Byrns, M., Marck, B., Mostaghel, E. A., Nelson, P. S., Lange, P., et al. (2013). Development, validation and application of a stable isotope dilution liquid chromatography electrospray ionization/selected reaction monitoring/mass spectrometry (SID-LC/ESI/SRM/MS) method for quantification of keto-androgens in human serum. J. Steroid Biochem. Mol. Biol. 138, 281–289. doi: 10.1016/j.jsbmb.2013.06.014

 The Lancet (2016). Alzheimer's disease: expedition into the unknown. Lancet. 388:2713. doi: 10.1016/S0140-6736(16)32457-6

 Valenti, G., Ferrucci, L., Lauretani, F., Ceresini, G., Bandinelli, S., Luci, M., et al. (2009). Dehydroepiandrosterone sulfate and cognitive function in the elderly: The InCHIANTI Study. J. Endocrinol. Invest. 32, 766–772. doi: 10.1007/BF03346534

 Vieira-Marques, C., Arbo, B. D., Ruiz-Palmero, I., Ortiz-Rodriguez, A., Ghorbanpoor, S., Kucharski, L. C., et al. (2016). Dehydroepiandrosterone protects male and female hippocampal neurons and neuroblastoma cells from glucose deprivation. Brain Res. 1644, 176–182. doi: 10.1016/j.brainres.2016.05.014

 Villemagne, V. L., and Chételat, G. (2016). Neuroimaging biomarkers in Alzheimer's disease and other dementias. Ageing Res. Rev. 30, 4–16. doi: 10.1016/j.arr.2016.01.004

 Weill-Engerer, S., David, J. P., Sazdovitch, V., Liere, P., Eychenne, B., Pianos, A., et al. (2002). Neurosteroid quantification in human brain regions: comparison between Alzheimer's and nondemented patients. J. Clin. Endocrinol. Metab. 87, 5138–5143. doi: 10.1210/jc.2002-020878

 Wells, G., Shea, B., O'Connell, D., Peterson, J., Welch, V., Losos, M., et al. (2011). The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses [Online]. Available online at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed March 28, 2018).

 Yanase, T., Fukahori, M., Taniguchi, S., Nishi, Y., Sakai, Y., Takayanagi, R., et al. (1996). Serum dehydroepiandrosterone (DHEA) and DHEA-sulfate (DHEA-S) in Alzheimer's disease and in cerebrovascular dementia. Endocr. J. 43, 119–123. doi: 10.1507/endocrj.43.119

 Zdrojewicz, Z., and Ciszko, B. (2001). [Dehydroepiandrosterone (DHEA)–structure, clinical importance and the role in human body]. Postepy Hig. Med. Dosw. 55, 835–854.

Conflict of Interest Statement: 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 Pan, Wu, Kaminga, Wen and Liu. 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.

OPS/images/fnagi-11-00061-t001.jpg
Study Material  Design Country NOS Female MeanAge  AD Assessment  Collectiontime ~ Methods ~ Frozen  Severity

Aldred and Mecocci, 2010 Plasma Case-control UK 5 45 (63%) 80.0£4.0 NINCDS-ADRDA NR EUISA -80°C Moderate
Armanini et al., 2003 Plasma Case-control Italy 5 18 (78%) 68.0+4.3 NINCDS-ADRDA AM ELISA NR Moderate
Attal-Khémis et al., 1998 Serum Case-control France 6 10 (100%) 821£70 NINCDS-ADRDA AM GC/MS -80°C Severe
Bo etal., 2006 Serum Case-control Italy 8 112 (71%) 765+ 6.7 NINCDS-ARDRA NR EUSA NR Moderate
Brown et al., 2003 CsF Case-control USA 5 6(50%) 74672 DsSM NR RIA —80°C Severe
Carlson et al., 1999 Plasma Case-control Canada 7 26 (50%) 769+ 1.1 NINCDS-ARDRA AM RIA -50°C Mild

Cho et al., 2006 Plasma Case-control Korea 6 20 (100%) 75277 NINCDS-ARDRA AM HPLC -20°C Mild
Ferrari et al., 2000 Serum Case-control Italy 5 NR 81.4+08 NINCDS-ARDRA AM RIA -20°C Severe
Gulnora etal., 2015 Serum Case-control Uzbekistan 6 18 (30%) 61357 NINCDS-ARDRA NR EUSA NR Moderate
Hillen et al., 2000 Plasma Case-control Germany 8 14.(50%) 87.2+1.9 NINCDS-ARDRA AM ELISA NR Moderate
Hoskin et al., 2004 Serum Case-control USA 6 179 (100%) 80.7+£73 NINCDS-ARDRA NR RA NR Moderate
Leblhuber et al., 1991 Serum Case-control  Austria 6 10 (100%) 754446 DSM-IIl AM ELISA —20°C Severe
Leblhuber et al., 1992 Plasma Case-control Austria 5 10 (56%) 46.2+21.2 DSM-il AM EUSA -20°C Moderate
Leblhuber et al., 1993 Plasma Case-control Austria 6 11 (54%) 76371 DSM-lil AM ELSA -20°C Severe
Magri et al., 2000 Serum Case-control Italy 5 14 (61%) 805+25 NINCDS-ARDRA AM RIA —20°C Moderate
Marx et al., 2006 CsF Case-control USA 5 0(0%) 83.0+75 NINCDS-ARDRA NR GCMS NR Severe
Masera et al., 2002 Serum Case-control Italy 6 6(38%) 66.9+1.9 NINCDS-ARDRA AM RIA NR Moderate
Murialdo et al., 2000 Plasma Case-control Italy 6 11 (79%) 721 +6.7 NINCDS-ARDRA AM RIA -20°C Moderate
Naylor et al., 2007 CSF Case-control USA 5 NR 81.0+£6.5 DSM NR GCMS NR Severe
Naylor et al., 2010 CsF Case-control USA 5 23 (68%) 82037 NINCDS-ARDRA NR GCMS NR Severe
Nasman et al., 1991 Serum Case-control Sweden 5 51 (69%) 77607 DSM-lil AM RA NR Severe
Nasman et al., 1995 Serum Case-control Sweden 6 10 (18%) 746+ 65 NINCDS-ARDRA AM RIA -70°C Moderate
Nasman et al., 1996 Plasma Case-control Sweden 8 15 (65%) 74274 NINCDS-ARDRA AM RIA =70°C Moderate
Rasmuson et al., 1998 Serum Case-control Sweden 6 8(62%) 780484 NINCDS-ARDRA AM RIA NR Moderate
Rasmuson et al., 2002 Serum Case-control Sweden 6 21 (64%) 764+78 NINCDS-ARDRA AM RIA 4°C Moderate
Ray et al., 2013 Serum Case-control India 5 12 (30%) 68.5+ 3.9 DSM-IV NR EUSA -20°C Severe
Schneider et al., 1992 Plasma Case-control USA 5 20 (57%) 69.3+6.9 DSM-IIl AV RIA NR Moderate
Schupf et al., 2006 Serum Case-control USA 5 17 (100%) 562415 NINCDS-ARDRA AM RIA -20°C Mild
Solerte et al., 1999 Serum Case-control Italy 6 8(67%) 76.0+6.1 DSM-lil AM RIA NR Moderate
Sunderland et al., 1989 Plasma Case-control USA 5 6(60%) 61.4£79 DsSM NR RIA -70°C Mid
Yanase et al., 1996 Serum Case-control Japan 5 12 (63%) 747 £ 6.7 DSM-lil NR RIA -20°C Moderate

USA, United States of America; UK, the United Kingdom; AD, Alzheimer's disease; RIA, radioimmunoassay; GSF, cerebrospinal fluid ELISA, enzyme linked immunosorbent assay; HPLC, High performance liquid chromatography-tandem
mass spectrometry; GC/MS, Gas Chromatography-Mass Spectrometer; NR, not report; DSM, Diagnostic, and Statistical Manual of Mental Disorders; NOS, Newcastle-Ottawa Quality Assessment Scale.





OPS/images/fnagi-11-00061-t002.jpg
Number SMD (95% Cl) z P-value Heterogeneity

of studies
Q statistic (DF; p-value) o ”
Al 15 051[-0.44; 1.45] 1.06 0.291 307.02 14 < 0.0001 322 95.40%
CsF 213[~1.49;5.76] 1.15 0.249 15650 3 < 0.0001 1332 98.10%
Plasma 2 1.28(~0.96;3.62) 142 0.263 36.16 1 < 0.0001 256 97.20%
Serum 9 ~022[-102;057]  -055 0585 62.638 < 0.0001 1.28 87.20%
Other 5 —060[-249;1.30)  -062 0537 144.40 4 < 0.0001 441 97.20%
USA 4 243 (-1.49; 5.76) 1.15 0249 156.50 3 < 0.0001 1332 98.10%
Sweden 0.40 [0.08; 0.72) 2.46 0014 225508132 000 0.00%
>80 254 [0.32; 4.76) 224 0,025 166.00 4 < 0.0001 6.16 97.60%
<80 10 -036(-105,084]  —101 0313 61749 < 0.0001 1.00 85.40%
NINCDS-ARDRA 12 064 (055 1.83] 1.05 0.292 287.93 11 < 0.0001 413 96.20%
Other 007 [-1.09; 1.24] 0.12 0.904 1344200012 087 85.10%
029[-0.14;0.72) 1.31 0.189 15.127 00345 020 53.70%
Other 0.72[-127;2.71) 0.70 0.481 27630 6 < 0.0001 688 97.80%
RIA 007 [-0.33; 0.46] 034 0.737 1723800278 018 53.60%
1.21(-1.15;357) 1.00 0316 237,805 < 0.0001 834 97.90%
Moderate 1 004 [-0.83;0.90] 0.08 0987 150.10 10 < 0.0001 1.94 93.30%
Severe 4 213 [~1.49; 5.76] 1.45 0249 156.50 8 < 0.0001 1382 98.10%

USA, United States of America; FIA, radioimmunoassay; CSF, cerebrospinal fuid; SMD, standardized mean difference; DF, degrees of Freedom; DSM, Diagnostic, and Statistical Manual
of Mental Disorders; Alzheimer’s disease.






OPS/images/fnagi-11-00061-g003.gif
o 33 o i 30 o

P P






OPS/images/fnagi-11-00061-g004.gif





OPS/images/fnagi-11-00061-t003.jpg
Number SMD (95% Cl) z P-value Heterogeneity

of studies
Q statistic (DF; p-value) I "

—069[-1.17;-022]  —2.84 0,004 570.78 27 < 0.0001 1.49 95.30%
Plasma 1 —066(-153;021]  —149 0.136 185.75 10 < 0.0001 201 95.90%
Serum 17 —071[-1.82;-011]  —231 0.021 376.20 16 < 0.0001 1.45 95.70%
Italy —1.85(-301; -069]  -8.12 0,002 150.94 6 < 0.0001 230 96.00%
Not Italy 21 -030[-087;027)  -105 0.296 411,53 20 < 0.0001 1.60 95.10%
High —012[-047;022)  -069 0.4 439201116 005 54.40%
Medium —074(-182; -0.16]  —2.49 0013 537.97 24 < 0.0001 202 95.50%
NINCDS-ARDRA —068(-1.27;-009]  —2.24 0,025 402,64 17 < 0.0001 1.48 95.80%
Other 10 —072[-168;020)  —154 0.125 166.36 9 < 0.0001 2.02 94.60%
17 097 [-159; -035]  —3.06 0.002 333.42 16 < 0.0001 1.54 95.20%
Other 11 -023[-1.14;068)  -050 0.620 237.34 10 < 0.0001 2.6 95.80%
Mid 4 -033(-198;133]  -039 0699 805083 < 0.0001 272 96.30%
Moderate 17 —112(-1.71;-058] 872 0,002 361.47 16 < 0.0001 1.38 95.60%
Severe 7 023 -1.07; 1.53) 035 0729 123.91 6 < 0.0001 284 95.20%

USA, United States of America; RIA, radioimmunoassay; SMD, standardized mean dliflerence; DF, degrees of Freedom; DSM, Diagnostic, and Statistical Manual of Mental Disorders;
AD, Alzheimer’s disease.





OPS/images/fnagi-11-00061-g001.gif
scvning | [ senitcation |

) (

oenny

P pe—

fhry

[ -

ey

Prrem i

Py piry
Py v
B
ey e
Proasy Srevenide,
Y e
e
oy
iy





OPS/images/fnagi-11-00061-g002.gif





OPS/images/cover.jpg
’ frontiers
in Aging Neuroscience

Dehydroepiandrosterone and
Dehydroepiandrosterone Sulfate in
Alzheimer’s Disease: A Systematic

Review and Meta-Analysis









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





