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Abstract 

Background: Depressive symptoms are common in Alzheimer’s disease (AD) and 

negatively impact patient well-being. The main aim of the present study was to establish 

summary estimates for the prevalence of minor depressive disorder (MinD) and subthreshold 

depression in AD and synthesise evidence on prognosis and management of these symptoms 

in order to inform clinical guidelines.  

Methods: Systematic review and meta-analysis of cross-sectional and longitudinal studies of 

prevalence, prognosis, and treatments for minor and subthreshold depression in AD. We 

searched MEDLINE, Embase, PsycINFO and CINAHL. We included studies that reported 

prevalence of subthreshold depressive disorders and those reporting data on validity of 

diagnostic criteria, mechanisms, or randomised controlled clinical trials (RCTs) testing 

effectiveness of interventions. Estimates of prevalence were pooled using random-effects 

meta-analyses. Two authors screened articles and independently extracted data on study 

characteristics.  

Results: We reviewed 5671 abstracts, retrieved 621 full text articles and included a total of 

15 studies. Pooling data from 10 studies showed that prevalence for MinD in AD was 22.0% 

(95% CI 16.0 to 28.0). Prevalence for a clinical diagnosis of MinD (DSM-III-R and DSM-

IV) was 26.0% (95% CI 20.0 to 32.0; 6 studies). People with MinD experienced higher levels 

of neuropsychiatric symptoms, functional and cognitive decline, although studies remain 

cross-sectional. Neither sertraline nor a carer intervention were effective in reducing 

symptoms.   

Conclusion: This review finds that MinD is prevalent in people with a diagnosis of AD and 

requires clinical attention. Research is warranted to develop effective interventions to treat 

and prevent these symptoms.   
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There are currently over 50 million people living with dementia globally, with the number of 

those affected expected to increase to 66 million by 2030 (Prince et al. 2013). Alzheimer’s 

disease (AD) is the most common form of dementia and a leading cause of disability for 

older people (Di Iulio et al. 2010). Comorbid depression and AD decrease quality of life for 

people with dementia (Starkstein et al. 2005), increase risk of earlier care home admission 

(Gaugler et al. 2009) and reduce life expectancy (Burns et al. 1991). Meta-analytic data of 

prevalence of major depression in AD indicate that these symptoms are common, with rates 

varying from 12.7% to 42% depending on type of diagnostic criteria used (Asmer et al. 2018, 

Chi et al. 2015).  

     Depressive symptoms are a major source of psychological distress for people living with 

AD, they are persistent and limit individuals’ ability to function independently (Fritze et al. 

2011). Both major and minor depressive disorder (MinD) in older people are underdiagnosed 

and can be difficult to recognise (Amore et al. 2007). Although both minor and subthreshold 

depression are highly prevalent in older people (Polyakova et al. 2014), we currently know 

very little about these syndromes in AD. This is important given that MinD increases risk of 

suicidal ideation and developing symptoms of major depression (Meeks et al. 2011).  

     There is currently wide heterogeneity in the definition and diagnostic criteria of MinD and 

subthreshold depressive disorders (Rodríguez et al. 2012). MinD is usually defined according 

to DSM-IV criteria, reflecting a mood-disturbance that requires between 2 and 4 depressive 

symptoms to be present inclusive of depressed mood or loss of interest or pleasure 

(Rodriguez et al. 2012). Although these symptoms do not fulfil symptom criteria of major 

depression they are still associated with greater healthcare utilisation (Chachamovich et al. 

2008), predisposing older people to higher levels of disability (Hybels et al. 2001). Therefore 

having a clear understanding of the epidemiology of MinD and subthreshold depression in 

AD is warranted. Currently we have limited knowledge about who is more likely to be at 

https://www.sciencedirect.com/science/article/pii/S0165032717325764?via%3Dihub#bib0009
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risk, and how these symptoms are managed. Evidence for treating these symptoms is 

important for informing clinical guidelines.  

     The aim of the present study was to systematically review worldwide evidence on MinD 

and subthreshold depressive disorders in AD; more specifically their epidemiology 

(prevalence and incidence), prognosis and management approaches in order to inform 

clinicians and future research in the area. A secondary objective was to review evidence on 

the validity of diagnostic criteria, and any potential mechanisms associated with MinD in this 

population to identify nosological implications of these disorders. 

Method 

Search strategy and study eligibility 

     We searched four main healthcare databases; Medline, EMBASE, PsycINFO and 

CINAHL. Additionally, we searched, the Cochrane library, national and international trial 

registers, grey literature and conference proceedings with no restriction on the year of study. 

Database searching was completed in April 2017. Reference lists of all studies meeting 

inclusion criteria were examined, as well as review papers on AD and depression. We used a 

comprehensive list of search terms for minor depression (i.e. minor depressive disorder; 

subthreshold depression; non-major depression; combined with AD standardised search 

terms) to ensure no studies were missed (see Supplementary Appendix Figure 1 for the full 

search strategy).  

     Two reviewers (E.S.V., R.T.) independently screened all titles and abstracts. The study 

inclusion criteria were the following: (1) articles that included people with a diagnosis of AD; 

(2) articles that involved only patients with a current degree of clinically significant minor or 

subthreshold depression or MinD using clinical diagnostic criteria or a specific cut-off point 

based on a standardised well-validated scale of depression, and (3) provided data on 

prevalence and/or incidence of MinD and subthreshold depressive disorders. We included 
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any cross-sectional, longitudinal study or randomised controlled trial (RCT) reporting on: a) 

risk factors; b) prognosis; c) mechanisms; d) management approaches and e) validity of 

diagnostic criteria. We excluded studies that did not report: (1) a cut-off point for MinD, or 

(2) separate data for people with MinD and AD. Any disagreement was discussed with a third 

author (V.O.). Ten authors were contacted for further information with three providing 

additional data.   

Data extraction and quality assessment 

      Two reviewers (E.S.V., R.T.) extracted data independently which included: author, year 

of publication, sample characteristics, diagnostic criteria or instruments used to diagnose 

MinD, and mean prevalence and confidence intervals. For studies where standard errors or 

confidence intervals were not reported, we derived these using standardised procedures 

(using numerator, and denominator data to obtain Wilson Intervals) (Brown et al. 2001). All 

data extraction was conducted independently by two authors.  

Quality and risk of bias  

     Studies were evaluated independently by two reviewers (E.S.V., R.T.) on quality and risk 

of bias with disagreements resolved through discussion with the third reviewer (VO). 

Prevalence studies were assessed on 4 key domains: selection bias, description of sample, 

diagnosis of MinD and subthreshold depression, and quality of statistical analysis. Study 

quality was rated as high, moderate or low (see Table 1 Quality criteria of prevalence 

studies).  

Data synthesis and analysis of prevalence of MinD in AD 

     Eight out of the 10 studies reported estimates for one time point only for the same 

participants. In the two prospective cohort studies we used baseline estimates or when these 

were not provided, the prevalence of the first time point. To examine whether pooled 

prevalence estimates varied by diagnostic method we performed two different random-effects 
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meta-analyses (Borenstein et al. 2010). The first included all studies regardless of diagnostic 

method and the second only studies using Diagnostic and Statistical Manual (DSM) - based 

criteria. Prevalence estimates were transformed using Freeman-Tukey double arcsine 

transformation and entered into the meta-analysis with their corresponding standard errors. 

Heterogeneity was assessed using the I2 statistic. Stata (version 13, metaprop command) was 

used to perform the meta-analysis. Publication bias was examined using a funnel plot and an 

Egger’s test (Sterne and Egger, 2001). 

Results 

     Electronic and hand searches identified a total of 5765 records. After removing duplicates 

and clearly irrelevant articles, 621 papers remained to be screened. Of these, 584 were 

excluded as not being relevant, leaving 37 papers to be assessed for full eligibility. Of these 

37 articles, 22 were excluded (see Supplementary Appendix Table 1 Excluded papers with 

reasons). A total of 15 articles met the inclusion criteria of which 10 reported prevalence data 

(see Figure 1 for details of the search process).  

Characteristics of included studies  

Diagnosis of MinD  

     Two studies used either DSM-III-R (APA, 1987) or DSM-IV (APA, 1994) criteria to 

diagnose MinD (Hargrave et al. 2000, Lyketsos et al. 1997a); three studies used DSM-based 

criteria in combination with a Structured Clinical Interview for DSM (SCID) (Lee et al. 2016, 

Starkstein et al. 2005, 2011). One study (Lyketsos et al. 1997b) used DSM-IV criteria 

alongside scores on the Cornell Scale for Depression in Dementia (CSDD; cut-off >6; 

Alexopoulous et al. 1988). Vida et al. (1994) applied Research Diagnostic Criteria (RDC; 

Spitzer et al. 1984) and Mormont et al. (2014) diagnosed MinD by administering the Zung 

Self-Rating Depression Scale (Zung, 1965), as a structured interview (cut-off between 50 and 

59). The remaining studies (Li et al. 2001, Gilley et al. 2004) used the Hamilton Depression 
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Rating Scale (Hamilton, 1960) but with different cut-offs (8-16 and <15). For further details 

of Characteristics of studies see Table 2 (Supplementary Appendix). 

     The 5 studies reporting on outcomes other than prevalence used similar diagnostic 

approaches: Drye et al. (2011) used DSM-IV criteria; Teri et al. (1997) a combination of 

DSM-III-R and RDC (Spitzer et al. 1984), and Ballard et al. (1996) RDC criteria. Lebedeva 

et al. (2014) used the Geriatric Depression Scale (GDS, Yesavage et al. 1983); (first cohort - 

cut-off between 1 and 5; second cohort - cut-off not provided). Lee at al. (2014) used DSM-

IV criteria in combination with the SCID (see Tables 3-5 in Supplementary Material for 

Characteristics of studies).     

Primary outcomes 

Prevalence and incidence of MinD in AD 

     Prevalence varied across studies ranging from 9.4% to 38.8% (95% Confidence Intervals 

(CI): 6.8-12.9 to 35-42.9). Meta-analytic pooling yielded a prevalence of 22.0% (95% CI: 

16–28, 10 studies, n=3326; see Figure 2) when all eligible studies were included; with 

substantial heterogeneity between estimates I2= 93.2%. When analyses were restricted to 

studies using a clinical diagnosis of MinD (DSM-based criteria) prevalence was 26% (95% 

CI: 20-32, 6 studies, n=2768; see Figure 3) with high heterogeneity I2=90.6%.  

     Prevalence in studies using DSM-based criteria ranged from 16.7% to 38.8% (95% CI: 

10.5- 24.6 to 35-42.9) with lower estimates in studies using screening tools. For the HDRS, 

estimates ranged from 9.4% to 13.2% (95% CI: 6.8-12.9 to 7.3-22.6) whereas for the Zung 

SDS estimates ranged from 19% at baseline (95% CI: 12.2-27.7) and 11% (95% CI: 11.5-

19.4) at 3-month follow-up (29). Only one study reported incidence of MinD in AD (Ballard 

et al. 1996; n=63). Using RDC criteria incidence of MinD at one-year follow-up was 29.8% 

(95% CI: 18-46.9).  
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     We performed a sensitivity analysis by including only high quality studies. When only 

studies of low risk of bias were considered prevalence of MinD was 24% (95% CI: 17-32); 

with high heterogeneity still evident I2=95.8%. Visual inspection of the funnel plot, and 

formal testing via the Egger’s test (p=0.934) indicated that publication bias or small study 

effects were unlikely to have affected the results (see Supplementary Appendix, Figure 2).  

Quality of prevalence studies 

     Overall, we rated the quality of the evidence as moderate. Most studies were rated as 

being of high quality on diagnostic methods (60%) and description of study samples (70%). 

For the majority of studies selection bias was moderate (70%); where details of why 

participants declined participation in the study were not reported. However, ninety per cent 

(90%) of the included papers scored low on statistical analysis. This was due to studies not 

providing a sample size justification, or data on precision of estimates (e.g. standard error or 

CIs) which decreases confidence in the results (see Supplementary Appendix Table 6 Quality 

ratings of prevalence studies). 

Secondary outcomes 

MinD at different stages of AD and effects of disclosure of diagnosis   

     Two studies assessed whether prevalence of MinD is associated with dementia severity. In 

the cross-sectional study by Starkstein et al. (2005) prevalence of MinD (DSM-III-R in 

combination with SCID) differed by AD severity (n=670, p<0.01); with estimates increasing 

from 21% in moderate AD to 45% in the severe stages. The second cross-sectional study 

(Lyketsos, 1997b) found no differences in prevalence (DSM-IV criteria) across mild, 

moderate and severe stages (n=109, p=0.21). The prospective study by Mormont et al. (2014) 

examined the association between disclosure of AD diagnosis and MinD (Zung SDS); there 

were no differences on diagnostic rates of MinD after 3 months of disclosure of dementia 

diagnosis (n=96, p=0.57).   
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Clinical correlates of MinD in AD 

     Three studies investigated clinical correlates of MinD in mild to severe AD. Two studies 

by Starkstein et al. (2005, 2011) found that MinD (DSM-III-R; DSM-IV and SCID) was 

associated with higher levels of neuropsychiatric symptoms and functional decline (p <0.01). 

In the Starkstein et al. (2011) study those with MinD had significantly lower scores on 

cognition (p<0.0001). In the cross-sectional study by Lyketsos et al. (1997b) MinD (DSM-IV 

criteria) was associated with greater non-mood behavioural disturbances (p<0.04).  

Genetic and neurobiological mechanisms of MinD in AD 

     Lyketsos et al. (1997a) examined the cross-sectional association of the Apolipoprotein E 

(APOE) genotype and phenotypic expression of MinD (DSM-IV criteria); frequency of 

MinD did not differ by APOE genotype (E2/E3, E2/E4, E3/E3, E3/E4 and E4/E4; in all cases 

p > 0.10). Two cross-sectional studies explored neuroanatomical changes associated with 

MinD. In the study by Lebedeva et al. (2014) MinD (diagnosed by GDS) was associated with 

thinning in the left temporal and inferior parietal regions (p<0.001). In the second cohort of 

the same study, MinD (diagnosed using the CSDD) was predictive of cortical thinning of 

both temporal and parietal regions. In those with MinD there was a negative correlation 

between cerebrospinal fluid (CSF) and cortical thickness (clusterwise p value (CWP) = 

0.008). Lee at al. (2014) however found no significant differences in medial prefrontal, 

limbic or WML volumes of patients with or without MinD (DSM-IV and SCID) in a sample 

of 27 people with mild AD.  

Validity of diagnostic criteria of MinD in AD 

     We found one cross-sectional study (Starkstein et al. 2011) investigating the validity of 

the DSM-IV diagnostic criteria for both major and MinD in AD. Latent cluster analysis 

(LCA) in 971 outpatients with mild to severe AD demonstrated three clusters of symptoms 

representing major depression (cluster 3), minor depression (cluster 2) and no depression 
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(cluster 1). Although overall there was evidence of validity of the diagnostic criteria, results 

indicated that MinD in AD may be an heterogeneous condition, and that patients with MinD 

may experience higher levels of apathy.   

Management approaches of MinD in AD  

     The Depression in Alzheimer’s Disease Study-2 (DIADS-2) (Rosenberg et al. 2010, Drye 

et al. 2011) was a 24-week randomised, parallel, placebo controlled clinical trial evaluating 

efficacy of sertraline in people with mild to moderate AD that also met criteria for MinD 

(DSM-IV). Sertraline was not superior to placebo on the modified Alzheimer’s Disease 

Cooperative Study Clinical Global Impression of Change (mADCS-CGIC) at 12 weeks (odds 

ratio (OR) sertraline=1.1, 95% CI: 0.4-3.1); or on CSDD scores at 12 (difference=-3, 95% 

CI: -6.5-0.8) and 24 weeks (difference= -0.2, 95% CI: -4-3.5) or on proportion of patients in 

remission at 12 (OR sertraline=1.7, 95%CI: 0.5-6.5) or 24 weeks (OR sertraline=0.8, 95% 

CI: 0.3-2.9). One small feasibility RCT (n=72) of a carer-delivered intervention aimed at 

reducing depressive symptoms in people with moderate AD and MinD (DSM-III-R and 

RDC) found no significant differences between treatment and control conditions on rates of 

MinD diagnosis post treatment (9 weeks) (Teri et al. 1997).   

Discussion 

Prevalence of MinD and subthreshold depression in AD  

     This is the first systematic review and meta-analysis to investigate prevalence of MinD 

and subthreshold depressive disorders in AD. We were able to estimate prevalence of MinD 

by including 10 studies from 5 different countries including 3326 participants in our meta-

analyses. To reflect the heterogeneity of methods used to diagnose MinD and subthreshold 

depressive disorders we report two prevalence estimates. Pooled prevalence across all studies 

using both screening tools and diagnostic criteria was 22% (95% CI: 16–28) whereas the 

estimate increased to 26% (95% CI: 20-32) when pooling only studies using DSM criteria. 
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These results show that prevalence of MinD is common in people living with a diagnosis of 

AD. This is particularly relevant considering that prevalence of AD is projected to continue 

to increase (Ahmadi-Abhari et al. 2017). Given the high prevalence found in our meta-

analysis, more psychological resources including early assessment and prevention strategies 

for depression should be allocated for people living with a diagnosis of AD, in line with 

recent clinical guidelines (NICE, 2018).    

     Our findings are similar to prevalence meta-analyses of major depression in AD (Asmer et 

al. 2018, Chi et al. 2015) where type of diagnostic method was found to influence prevalence 

estimates. Screening tools, however, such as the HDRS (Hamilton, 1960) or the Zung self-

rating depression scale (Zung, 1965) consistently tend to be associated with lower estimates 

and may underestimate prevalence of both minor and major depression in this group. There 

was substantial variation in prevalence rates, which ranged from 9.4% up to 38.8% across all 

studies. This variation may depend not only on the approach used to diagnose MinD but also 

on samples tested, or dementia severity, which varied across studies. Given the lack of 

population-based studies in the area, it is likely that prevalence of MinD is overestimated. 

Our meta-analysis by method of assessment, and study quality did not lower heterogeneity 

across studies indicating that overall heterogeneity can not be explained by differences in 

study quality, diagnostic systems, scales or cut-off scores used.      

     Our findings mirror the same pattern of major depression prevalence rates where 

diagnostic criteria are an important source of variation. Chi et al. (2015) for example report 

that the prevalence of major depression in AD based on DSM criteria is 12.7% (95% CI: 8.8-

17.8); with rates increasing to 42% (97% CI: 38-45) when using AD specific criteria (Olin et 

al. 2002). These findings suggest that general population approaches in both major and minor 

depression in AD are potentially underestimating prevalence and that the more disease 

specific the diagnostic approach, the higher the estimate (McCabe et al. 2006). Similar to 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadi-Abhari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
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reviews in the general population (Rodríguez et al., 2012) we found evidence of 

heterogeneous definitions and diagnostic criteria for both MinD and subthreshold depression, 

with minor depression mostly defined by DSM-IV criteria.  

     Our prevalence estimates are similar to rates of MinD in people with mild cognitive 

impairment (MCI). Polyakova et al. (2014) have reported a point prevalence of MinD of 

26.5% in MCI in a 3-year longitudinal study and an estimate of 17.2% in a community based 

study using DSM criteria. These estimates alongside our results suggest that MinD is 

generally more frequent in older people with cognitive impairment compared to cognitively 

healthy older people for which MinD estimates range from 10.4% in the community to 14.4% 

in medical settings (Polyakova et al. 2014).  

Risk, prognosis and management of MinD and subthreshold depression in AD 

     We found very little evidence to inform who is more likely to be at risk for MinD in AD 

similarly to major depression in this population (Steck et al. 2018). The pathogenesis of 

MinD is likely to be multifactorial, with different disease and non-disease specific factors 

contributing to symptoms. With regard to potential neuroanatomical mechanisms, although 

one study found that cortical thinning in left parietal and temporal brain regions may be 

implicated in the pathogenesis of MinD in AD (Lebedeva et al. 2014), current research does 

not allow us to draw any conclusions about the neuroanatomical mechanisms associated with 

MinD.  

     We found a small set of cross-sectional studies showing that MinD may be equally 

distressing in AD as for the general population of older people (Rivas Rodriguez et al. 2012) 

by being associated with greater neuropsychiatric symptoms, and accelerating functional and 

cognitive decline (Starkstein et al. 2005, 2011, Lyketsos et al. 1997b). Although informative 

these findings are cross-sectional therefore clinical studies will be important to be able to 

assess the impact of these symptoms on prognosis of AD.    



14 
 

     We found that evidence base of treatments in MinD is limited. One RCT on effectiveness 

of sertraline found no significant differences between treatment versus placebo (DIADS-2 

study, Rosenberg et al. 2010) in line with evidence on major depression in AD (Orgeta et al. 

2017). Teri et al. (1997) examined two behavioural interventions in a small feasibility RCT. 

Although authors reported a significant overall improvement for the whole sample (people 

with both major and minor depression) there was no effect on MinD remission. Given that 

this study was small, testing feasibility of behavioural carer-led approaches, full-scale clinical 

effectiveness trials of behavioural interventions for treating depressive symptoms in AD are 

required.     

Limitations 

     Most studies reporting on prevalence of MinD in AD recruited patients from dementia 

clinics or research settings. Selecting participants via service utilisation, may have biased 

results towards more severe cases, our findings therefore may have been influenced by 

selection bias. We did not set a minimum population size for included studies and given that 

samples in some studies were small and not population-based, the prevalence estimate is 

prone to be unstable. We used a broader diagnostic category of subthreshold depressive 

disorders and therefore included studies that did not use diagnostic criteria for MinD but a 

specific cut-off point, which differed between studies.  

     Eight out of 10 studies employed cross-sectional designs, and only one provided 

justification of sample size. Repeated assessment of the syndrome and information on the 

range of values within which the estimate is contained would have provided more reliable 

data. To address this, we contacted original authors; and we were able to collect confidence 

intervals for 3 papers. Other values were derived from data provided in the original 

investigations and to ensure we accommodated for error in the data, we calculated Wilson 

intervals, which provide more reliable estimates (Brown et al. 2001). Although this approach 
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is considered conservative, our estimates may still underestimate or overestimate prevalence. 

Nonetheless, most of the included studies used clinical criteria to diagnose MinD, which 

increases our confidence in the estimates provided. Additionally, many of the studies used a 

combination of diagnostic criteria, structured interviews and rating tools. Despite limitations, 

our review provides important information about the prevalence of MinD and subthreshold 

depressive disorders in AD, indicating that clinically significant symptoms of subthreshold 

depression are frequent.    

Implications for practice and research 

     Although NICE guidelines do recommend access to low intensity psychological 

interventions for people with mild to moderate depression and AD (NICE, 2018) research on 

evaluation of these treatments and access to psychological care remain limited. We found one 

study evaluating antidepressants for MinD which is inconsistent with clinical guidelines for 

the general population and for older people (Nice, 2016, Baldwin et al. 2003). Our findings 

encourage provision of early screening of MinD in people living with AD and an urgent need 

to develop therapeutic interventions. Future clinical studies are required to assess the socio-

economic burden and impact of MinD and subthreshold depressive disorders on disease 

prognosis.     

Conclusions 

Our review suggests that MinD is common in people living with AD and that clinicians 

should be aware of the high prevalence of subthreshold depressive disorders in this 

population. Future studies exploring factors affecting prevalence of MinD and effectiveness 

of interventions on managing these symptoms are warranted.   

 

 

 



16 
 

Acknowledgments 

We would like to thank all of the authors that provided data and further information for this 

review. Correspondence for this article should be addressed to Dr Vasiliki Orgeta, Associate 

Professor, Division of Psychiatry, Faculty of Brain Sciences, University College London, 

Division of Psychiatry 6th Floor, Maple House, 149 Tottenham Court Road, London W1T 

7NF. E-mail: v.orgeta@ucl.ac.uk. Dr Vasiliki Orgeta was funded by an Alzheimer’s Society 

Senior Research fellowship whilst undertaking this research and is supported by the UCLH 

BRC (Biomedical Research Centre).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:v.orgeta@ucl.ac.uk


17 
 

References 

 

1. Ahmadi-Abhari S, Guzman-Castillo M, Bandosz P, Shipley MJ, Muniz-Terrera 

G, Singh-Manoux A, Kivimäki M, Steptoe A, Capewell S, O'Flaherty M, Brunner EJ. 

2017. Temporal trend in dementia incidence since 2002 and projections for  

prevalence in England and Wales to 2040: modelling study. BMJ. Jul 5;358:j2856. 

doi: 10.1136/bmj.j2856.  

2. Alexopoulos G.S., Abrams R.C., Young R.C., Shamoian C.A., 1988. Cornell Scale for 

Depression in Dementia. Biol Psychiatry. 4;23(3): 271-284 

3. American Psychiatric Association. 1987. Diagnostic and Statistical Manual of Mental 

Disorders (3rd ed., text revision). Washington, DC. 

4. American Psychiatric Association. 1994. Diagnostic and Statistical Manual of Mental 

Disorders (4th ed). Washington, DC.  

5. Amore M., Tagarielo P., Laterza C., Savoia EM., 2007. Subtypes of depression in 

dementia. Arch Gerontol Geriatr. 44(1): 23-33 DOI: 10.1016/j.archger.2007.01.004 

6. Asmer M.S., Kirkham J., Newton H., Ismail Z., Elbayoumi H., Leung R.H., Seitz 

D.P., 2018. Meta-Analysis of the prevalence of Major Depressive Disorder Among 

Older Adults with Dementia. J Clin Psychiartry. 31; 70(5) DOI: 

10.4088/JCP.17r11772. 

7. Baldwin R., Anderson D., Black S., Evans E., Jones R., Wilson K., Iliffe S., 2003. 

Guideline for the management of late-life depression in primary care. International 

Journal of Geriatric Psychiatry. 18(9): 829-838. DOI:10.1002/gps.940 

8. Ballard CG., Patel A., Solis M., Lowe L., Wilcock G., 1996. A one-year follow-up 

study of depression in Dementia Sufferers. BJPsych. 168, 287-291. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadi-Abhari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guzman-Castillo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandosz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shipley%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muniz-Terrera%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muniz-Terrera%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh-Manoux%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kivim%C3%A4ki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steptoe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Capewell%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Flaherty%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunner%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=28679494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Temporal+trend+in+dementia+incidence+since+2002+and+projections+for+prevalence+in+England+and+Wales+to+2040%3A+modelling+study
https://doi.org/10.1016/j.archger.2007.01.004
https://doi.org/10.1002/gps.940


18 
 

9. Borenstein, M., Hedges, L. V., Higgins J.T, Rothstein H.R., 2010. A basic introduction 

to fixed-effect and random-effects models for meta-analysis. Res. Synth. Method. 

1(2): 97–111. DOI: 10.1002/jrsm.12 

10. Brown L.D., Cat T.T., DasGupta A., 2001. Interval Estimation for a 

proportion. Statistical Science. 16(2):101-117 

11. Burns A, Lewis G, Jacoby R., Levy R., 1991. Factors affecting survival in 

Alzheimer’s disease. Psychol Med. 21:363–70. DOI:10.1017/S0033291700020468 

12. Chachamovich E., Fleck M., Laidlaw K., Power M., 2008. Impact of Major Depression 

and Subsyndromal Symptoms on Quality of Life and Attitudes Toward Aging in an 

International Sample of Older Adults. Gerontologist. 48:593–602. 

13. Chi S., Wang C., Jiang T., Zhu XC., Yu JT., Tan L., 2015. The prevalence of 

depression in Alzheimer's disease: a systematic review and meta-analysis. Curr 

Alzheimer Res. 12(2):189-98. 

14. Di Iulio, F., Palmer, K., Blundo, C.,Casini, A.R., Gianni, W., Caltagirone, C., 

Spalletta, G., 2010. Occurrence of neuropsychiatric symptoms and psychiatric 

disorders in mild Alzheimer's disease and mild cognitive impairment subtypes. Int. 

Psychogeriatr. 22(4), 629–640. DOI: 10.1017/S1041610210000281 

15. Drye L.T., Martin B.K., Frangakis C.E., Curtis L., Mintzer J.E., Munro C.A., 

Porsteinsonn A.P., Rabins P.V., Rosenberg P.B., Schneider L.S., Weintraub D.W., 

Lyketsos C.G., 2011. Do treatment effects vary among differing baseline depression 

criteria in Alzheimer’s Disease Study-2 (DIADS-2)? Int J Geriatr Psychiatry. 26(6), 

573-583. DOI:10.1002/gps.2565. 

16. Fritze F., Ehrt U., Hortobagyi T., Ballard C., Aarsland D., 2011. Depressive 

symptoms in Alzheimer’s disease and Lewy body dementia: a one-year follow-up 

study. Dement Geriatr Cogn Disord. 32:143–9. DOI:10.1159/000332016  

http://dx.doi.org/10.1017/S0033291700020468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25654505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25654505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25654505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20XC%5BAuthor%5D&cauthor=true&cauthor_uid=25654505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=25654505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25654505
http://dx.doi.org/10.1159/000332016


19 
 

17. Gaugler J.E., Yu F., Krichbaum K., Wyman J.F., 2009. Predictors of nursing home 

admission for persons with dementia. MedCare. 47: 1918 

doi:10.1097/MLR.0b013e31818457ce  

18. Gilley D., Wilson R., Bienias J., Bennett D., Evans, D., 2004. Predictors of Depressive 

Symptoms in Persons with Alzheimer’s Disease. J Gerontol B Psychol Sci Soc Sci. 

59(2), 75-83. DOI:10.1096/geronb/59.2P75 

19. Hamilton M., 1960.A rating scale for depression. J Neurol Neurosurg Psychiatry. 23: 

56-62 

20. Hargrave R., Reed B., Mungas D., 2000. Depressive Syndromes and Functional 

Disability in Dementia. J Geriatr Psychiatry Neurol. 13, 72-77. 

21. Hybels C.F., Blazer D.G., Pieper C.F., 2001. Toward a threshold for subthreshold 

depression: an analysis of correlates of depression by severity of symptoms using data 

from an elderly community sample. Gerontologist. 41(3), 357-365. 

22. Lebedeva A., Westman E., Lebedev A., Li X., Winblad B., Simmons A., Wahlund LO., 

Aarsland D., 2014. Structural brain changes associated with depressive symptoms in 

the elderly with Alzheimer’s Disease. J Neurol Neurosurg Psychiatry. 85(8), 930-935. 

DOI: 10.1136/jnnp-2013-307110. 

23. Lee J.Y., Park S., Mackin S., Ewers S, Ewers M., Chui H., Jagust W., Insel PS, Weiner 

MW., 2014. Differences in Prefrontal, Limbic, and White Matter Lesion Volumes 

According to Cognitive Status in Elderly Patients with First-Onset Subsyndromal 

Depression. PLoS ONE. 9(1): e87747. DOI:10.1371/journal.pone.0087747  

24. Lee J.H., Byun M.S., Yi D., Choe Y.M., Baek H., Sohn B.K., Kim H.J., Lee Y., Woo 

JI., Lee DY., 2016. Frequency of Depressive Syndromes in Elderly Individuals with 

No Cognitive Impairment, Mild Cognitive Impairment, and Alzheimer’s disease 

http://dx.doi.org/10.1097/MLR.0b013e31818457ce


20 
 

dementia in Memory Clinic Setting. Dement Geriatr Cogn Disord. 42, 135-145. 

DOI:10.1159/000449155 

25. Li Y-S., Meyer J., Thornby J., 2001. Depressive symptoms among cognitively normal 

versus cognitively impaired elderly subjects. Int J Geriatr Psychiatry. 16(5), 455-461. 

26. Lyketsos C.G., Baker L., Warren A., Steele C., Brandt J., Steinberg M., Kopunek S., 

Baker A., 1997a. Depression, delusions, and hallucinations in Alzheimer’s disease: no 

relationship to apolipoprotein E Genotype. J Neuropsychiatry ClinNeurosci. 9, 64-67. 

DOI:10.1176/jnp.9.1.64 

27. Lyketsos C.G., Steele C., Baker L., Galik E., Kopunek S., Steinberg M., Warren A., 

1997b. Major and minor depression in Alzheimer’s disease: prevalence and impact. J 

Neuropsychiatry Clin Neurosci. 9, 556-61. DOI:10.1176/jnp.9.4.556 

28. McCabe M.P., Davison T., Mellor D., George K., Moore K., Ski C., 2006. Depression 

among Older People with Cognitive Impartment: Prevalence and Detection. Int J 

Geriatr Psychiatry. 21(7):633–644. DOI: 10.1002/gps.1538 

29. Meeks T, Vahia I., Lavretsky H., Kulkarni G., Jeste D., 2011. A Tune in “A Minor” 

Can “B Major”: A Review of Epidemiology, Illness Course, and Public Health 

Implications of Subthreshold Depression in Older Adults. J Affect Disord. 129(1-3), 

126–142. DOI: 10.1016/j.jad.2010.09.015 

30. Mormont E., Jamart J., Jaques D., 2014. Symptoms of Depression and Anxiety After 

the Disclosure of the Diagnosis of Alzheimer’s Disease. J Geriatr Psychiatry Neurol. 

27(4), 231-236 DOI:10.1177/0891988714532021 

31. National Institute for Health and Clinical Excellence. 2016. Depression in Adults: 

Treatment and management. London; NICE. 

https://doi.org/10.1159/000449155
https://doi.org/10.1176/jnp.9.4.556
https://dx.doi.org/10.1016%2Fj.jad.2010.09.015
https://doi.org/10.1177/0891988714532021


21 
 

32. National Institute for Health and Clinical Excellence. 2018. Dementia: assessment, 

management and support for people living with dementia ad their carers. London; 

NICE.  

33. Olin J.T., Katz I.R., Meyers B.S., Schneider L.S., Lebowitz B.D., 2002. Provisional 

diagnostic criteria for depression of Alzheimer disease: rationale and background. Am 

J Geriatr Psychiatry. 10(2): 129-241. 

34. Orgeta V., Tabet N., Nilforooshan R., Howard R., 2017. Efficacy of Antidepressants 

for Depression in Alzheimer’s Disease: Systematic Review and Meta-analysis. J 

Alzheiemr’s dis. 58, 725-733. DOI: 10.3233/JAD-161247.  

35. Polyakova M., Sonnabed N., Sander., Mergl R., Schroeter M., Schoreder, J., 

Schonknecht P., 2014. Prevalence of minor depression in elderly persons with and 

without mild cognitive impairment: A systematic review. Journal of Affective 

Disorders. 152-154:28-38 DOI: 10.1016/j.jad.2013.09.016 

36. Prince, M., Bryce,R., Albanese, E., Wimo, A., Ribeiro, W., Ferri, C.P., 2013. The 

global prevalence of dementia: a systematic review and metaanalysis. Alzheimers 

Dement. 9, 63–75 e2. DOI: 10.1016/j.jalz.2012.11.007. 

37. Rodríguez MR, Nuevo R, Chatterji S, Ayuso-Mateos JL. Definitions and factors 

associated with subthreshold depressive conditions: a systematic review. BMC 

Psychiatry. 2012 Oct 30;12:181. doi: 10.1186/1471-244X-12-181. Review. 

38. Rosenberg P.B., Drye L.T., Martin B.K., Frangakis C., Mintzer J.E., Weinstraub D., 

Porsteinson A.P., Schenider L.S., Rabins P.V., Munro C.A., Meinert C.L., Lyketsos 

C.G., 2010. Sertraline for the treatment of depression in Alzheimer’s disease. Am J 

Geriatr Psychiatry. 18(2): 136-145. DOI:10.1097/JGP.0b013e3181c796eb 

39. Spitzer R.L., Endkott J., Robins E., 1984. Research diagnostic criteria. 3rd Ed. Updated.  

https://www.ncbi.nlm.nih.gov/pubmed/23110575
https://www.ncbi.nlm.nih.gov/pubmed/23110575
https://doi.org/10.1097/JGP.0b013e3181c796eb


22 
 

40. Starkstein S.E., Jorge R., Mizrahi R., Robinson R.G., 2005. The construct of minor and 

major depression in Alzheimer's disease. Am J Psychiatry. 162, 2086–2093.  

41. Starkstein S.E., Dragovic M., Jorge R., Brockman S., Robinson R., 2011. Diagnostic 

criteria for depression in Alzheimer Disease: A Study of Symptom Patterns Using 

Latent Class Analysis. Am J Geriatr Psychiatry. 19(6), 551-558. 

DOI:10.1097/JGP.0b013e3181ec897f 

42. Steck N., Cooper C., Orgeta V., 2018. Investigation of possible risk factors for 

depression in Alzheimers disease: A systematic review of the evidence. J Affect disord. 

236; 149-156.  DOI:10.1016/j.jad.2018.04.034 

43. Sterne J.A, Egger M., 2001. Funnel plots for detecting bias in meta- analysis: guidelines 

on choice of axis. J Clin Epidemiol. 54:1046–55.  

44. Teri L., Logsdon R., Uomoto J., McCurry S., 1997. Behavioural treatment of 

depression in dementia patients: A controlled clinical trial. J Gerontol B Psychol Sci 

Soc Sci. 52B(4), 159-166. 

45. Vida S., Des Rosiers P., Carrier L., Gauthier S., 1994. Prevalence of depression in 

Alzheimer’s Disease and Validity of Research Diagnostic Criteria. Geriatr Psychiatry 

Neurol. 7(4): 238-244. 

46. Yesavage J.A., Brink T.L., Rose T.L., Lum O., Huang V., Adey M., Leirer V.O., 1983. 

Development and validation of a geriatric depression screening scale: a preliminary 

report. J Psychiatr Res. 17(1), 37–49. 

47. Zung W.W, 1965. A self-rating depression scale. Arch Gen Psychiatry. 12, 63-70. 

 
 
 
 
 
 
 
 

https://doi.org/10.1097/JGP.0b013e3181ec897f


23 
 

Ethical guidelines were followed in terms of conduct of this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

Figure 1. Prisma flow chart of the search process 
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through other sources 

621 records were screened after duplicates 
and clearly irrelevant articles were removed 

 
N 

(n =   ) 

621 full text records 
screened 

 

37 Full-text articles 
assessed for eligibility 

 

22 full-text articles 
excluded, with reasons: 

 
No separate data on 

MinD: 6 
 

No separate data on AD: 5 
 

Does not meet criteria for 
MinD: 8 

 
No separate data for MinD 

and AD: 1 
 

Type of dementia not 
specified: 1 

 
Does not meet criteria for 

AD: 1 

 
 

15 studies included in 
qualitative synthesis 

10 studies included in 
quantitative synthesis 

(meta-analysis) 
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Table 1. Quality criteria of prevalence studies 

 

1) Sample:  Did the study use participants likely to be representative of the target 

population? Do the authors provide information on periods of recruitment, method of 

selection and non-participant rate? 

2) Inclusion and exclusion criteria of the sample: Did the study pre-specify inclusion 

and exclusion criteria of the sample? Were these criteria applied to all participants 

uniformly? Was the study population well defined, e.g.: type of dementia, dementia 

severity, age, gender, previous depressive disorder? 

3) Standardised diagnoses: Did the study use standardised criteria or validated scales to 

assess for minor depression? Were those measures reliable and/or have they been 

validated?  Have they been implemented consistently across all study participants? Was 

minor depression assessed more than once?  

4) Statistical analysis: Do the authors provide a sample size justification and description 

of statistical methods used? Does the study provide unadjusted or adjusted estimates 

and report error precision (SE or CI)? For longitudinal studies, do the authors give 

information of loss to follow-up?  
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Figure 1. Search strategy for the review 

 

 

1. Depression [MeSH] 

2. Mood disorders [MeSH] 

3. Adjustment disorders [MeSH] 

4. Affective disorder*[key word] 

5. Adjustment disorder*[key word] 

6. (depress*adj3 (subsyndromal or subthreshold or sub-threshold or subclinical or sub-

clinical))[key word] 

7. (depress*adj3 insufficient symptom*)[key word] 

8. ((minor or mild) adj3 depress*)[key word] 

9. (nonmajor or non-major) adj depress*)[key word] 

10. ((non-specific or nonspecific) adj depress*)[key word] 

11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10  

12. Alzheimers Disease [MeSH] 

13. Alzheimer* [key word] 

14. 12 or 13 

15. 11 and 14 
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Table 1. Excluded papers with reasons  

 

 Study Reasons of exclusion 

1. 

 

Porta-Etessam 

(2011) 

Prospective observational cohort study to evaluate the effects of depressive symptoms on cognition and 

function in AD. No separate data on minor depression.  

2. 

 

Fritze (2011) 

 

Longitudinal study (1 year follow-up) exploring the course of depressive symptoms in people with dementia. 

No separate data on AD.  

3. 

 

Lind (2006) Cross sectional study investigating the association between depressive symptoms in people with dementia 

and white matter changes. Participants did not meet criteria for minor depression. No separate data on AD.  

4. Ballard (1996) Cross-sectional study of prevalence of minor depression in dementia; no separate data on AD. 

5. 

 

Bungener (1996) Prospective study evaluating emotional disturbances (symptoms of anxiety and depression) in AD. 

Participants do not meet criteria for minor depression.  

6. 

 

Soennesyn (2012) Prospective cohort study to explore the relationship between white matter hyperintensities and the prevalence 

and course of depressive symptoms in dementia. No separate data on minor depression and no separate data 

on AD.  

7. Whitfield (2015) Cross sectional study exploring the relationship between synaptic zing regulation and depression in people 

with dementia. No separate data on AD.  

8. 

 

Vital (2012) Cross sectional study to determine the presence of depressive symptoms in AD and its association with 

physical activity levels. Participants do not meet criteria for minor depression.  

9. Rosness (2010) Cross sectional study investigating the occurrence of depression in early onset dementia. No separate data on 

AD.  

10. Janzing (1999) Longitudinal study to assess the effects of depression on mortality rates for people with dementia. Type of 

dementia not specified.  

11. Komahashi (1994) Cross sectional study to assess prevalence of depression in dementia in the Ohira town (Japan). No separate 

data on AD. Participants do not meet criteria for minor depression.  

12. Mendez (1990) Retrospective study of the prevalence of psychiatric symptoms in AD. Participants do not meet criteria for 

minor depression.  

13. Terada (2014) Cross sectional study examining cerebral blood flow correlates of depressive symptoms in AD. Participants 

do not meet criteria for minor depression.  

14. Grunblatt (2011) Longitudinal cohort study examining the role of the choline O-acetyltransferase (CHAT) gene in geriatric 
depression in AD. No separate data on minor depression.  
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15. Castilla-Puentes 

(2010) 

Longitudinal cohort study comparing prevalence of subtypes of depression in patients with dementia. 

Participants do not meet criteria for minor depression.  

16. Teng (2008) Descriptive longitudinal cohort study comparing rates of depression in AD using NIMH-dAD to those using 

other assessment tools. No separate data on minor depression.  

17. Greenwald (1986) Cross sectional study to determine whether dexamethasone suppression test (DST) can distinguish patients 

with coexisting AD and depression from those with AD alone. Participants do not meet criteria for minor 

depression.  

18. Weiner (1997) Cross sectional study of depressive symptoms reported in AD by patients and carers. Participants do not meet 

criteria for minor depression.  

19. Magai (2000) Double blind placebo controlled study to evaluate the efficacy of sertraline for depressive symptoms in late 

stage AD. No separate data for minor depression.  

20. Linka (2000) Cross sectional study to examine the prevalence of depressive symptoms in older medical inpatients and to 

compare the degree of depressive symptomatology in vascular dementia and AD. Participants do not meet 

criteria for AD.  

21. Starkstein (2005) Longitudinal study to examine the temporal stability of symptoms of major and minor depression and apathy 

in AD. No separate data for minor depression.  

22. Petracca (2001) Double blind placebo controlled study of the efficacy of fluoxetine for depression in AD. No separate data 

for minor depression.  

  AD: Alzheimer’s disease; NIMH-dAD: National Institute of Mental Health, depression of Alzheimer’s Disease criteria
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Table 2. Characteristics of studies reporting on prevalence of MinD and subthreshold depressive disorder in AD 

 
Study Sample Diagnostic criteria for 

MinD/subthreshold depressive 

disorder 

Reported prevalence of 

MinD N (%) 

Number of high 

quality ratings 

(total out of 4) 

Cross-sectional studies 

Lee et al. (2016) Memory clinic outpatients  

South Korea 

N=316 

Probable AD (NINCDS-ADRDA, 

DSM-IV) 

Age: 74 (SD 7.0) 

MMSE:16.2 (SD 5.7) 

Mild to moderate AD 

 

Minor Depressive Disorder –  

DSM-IV/modified 

SCID for DSM-III-R  

 

64 (20.3%) 

95% CI: 16.2 to 25 

2 

Starkstein et al. (2005) 

 

Memory clinic outpatients  

Argentina 

N=670 

Probable AD (NINCDS-ADRDA) 

Age: 72.8 (SD 7.2)* 

MMSE: 18.4 (SD 6.9)* 

Mild to severe AD 

 

Minor Depressive Disorder –  

DSM-III-R based on SCID responses 

 

177 (26.0%) 

95% CI: 23.2 to 29.9† 

 

2 

Starkstein et al. (2011) Memory clinic outpatients 

Argentina 

N=971 

Probable AD (NINCDS-ADRDA) 

Age: 71.0 (SD 8.4) 

MMSE: 20.9 (SD 7.1)* 

Mild to severe AD (CDR) 

 

Minor Depressive Disorder –  

DSM-IV based on SCID responses 

249 (25.7%) 

95% CI: 23 to 28.5† 

 

2 

Hargrave et al. (2000) University Dementia Research Center 

USA 

N=582 

Probable or possible AD (NINCDS-

ADRDA) 

Age: 76.6 (SD 0.5)* 

Mild AD 

Minor Depression –  

DSM-III-R criteria 

 

226 (38.8%) 

95% CI: 35 to 42.9 

2 
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Lyketsos et al. (1997a) †† Memory clinic outpatients 

USA 

N=120 

Probable AD (NINCDS-ADRDA) 

Age: 73.6 (SD 8.5) 

Mild to moderate AD 

 

Minor Depression - DSM-IV criteria 20 (16.7%) 

95% CI: 10.5 to 24.6† 

1 

Lyketsos et al. (1997b) Memory clinic outpatients 

USA 

N=109 

Probable AD (NINCS-ADRDA) 

Age: 74.4 (SD 7.9) 

MMSE: 15.0 (SD 6.5, range 0-28) 

Mild to severe AD (CDR) 

 

Approximate DSM-IV criteria for 

Minor Depressive Episode (MiDE) 

(over 1 week) based on CSDD cut off 

point >6 

29 (27%) 

95% CI: 18-34† 

2 

Vida et al. (1994) Memory clinic outpatients 

Canada 

N=26 

Probable AD (NINCS-ADRDA) 

Age: 70.2 (SD 9.5) 

Mean MMSE: 17.4 (SD 8.1 range 0 to 

29) 

Mild to moderate AD 

 

 

Research Diagnostic Criteria (RDC) for 

Minor Depressive Disorder 

6 (23.1%) 

95% CI: 11 to 42 

1 

Li et al. (2001) 

 

Clinic outpatients 

Houston (USA) 

N=76 AD 

Possible and Probable AD (DSM-III-R, 

DSM-IV, NINCDS-ADRDA) 

Age: 77.1 (7.6) 

MMSE: 16.4 (SD 8.3, range 0-26) 

Mild to moderate AD  

 

HDRS (17 items) for minor depression: 

Cut off between 8 and 16. 

10 (13.2%) 

95% CI: 7.3 to 22.6 

 

0 

Longitudinal studies 

Mormont et al. (2014) Memory clinic outpatients 

Belgium  

N=96  

Zung SDS for mild depression 

administrated as a structured interview. 

Cut off from 50 to 59. 

At baseline: 18 (19%) 

95% CI: 12.2 to 27.7 

At 3 months: 11 (11%) 

1 
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Probable AD 

(NINCDS-ADRDA) 

Age: 77 (SD 6.7) 

Mean MMSE: 22.7 (SD 3, range 17-28) 

Mild to moderate AD at baseline 

 

 

Gilley et al. (2004) Rush AD center outpatients 

USA 

N=410 at baseline 

N=360 follow up year 1, 313 year 2, 279 

year 3, 188 year 4. 

Probable AD (NINCDS-ADRDA) 

Age: 75.5 (SD 7.3) 

Mean MMSE: from 18.7 (SD 4.3) at 

baseline to 7.1 (SD 5.1) at last evaluation 

Mild to moderate AD at baseline 

HDRS (17 items) completed as a 

structured interview. 

No specific cut off point for MinD but 

≥15 for depressive disturbances 

Definition of MinD based on DSM 

criteria 

At year 1: 34 (9.4%) 

95%CI: 6.8 to 12.9 

 

At year 2: 40 (12.8%) 

At year 3: 39 (13.9%) 

     At year 4: 17 (9.0%) 

 

 

2 

Note: AD: Alzheimer’s Disease;  NINCDS-ADRDA: National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association 

criteria (McKhann et al. 1984); DSM: Diagnostic Statistical Manual of Mental Disorders; SD: Standard Deviation; MMSE: Mini Mental State Examination; SCID: Structured Clinical Interview 

for DSM; CSDD: Cornell Scale for Depression in Dementia; HDRS: Hamilton Rating Scale for Depression; Zung SDS: Zung Self-Rating Depression Scale; MinD: Minor Depressive disorder 

*Data for MinD+AD group only †CI provided by authors 

†† Note this study also investigated the association of MinD and different Apolipoprotein E (APOE) genotypes; there was no association between APOE genotype and MinD.  
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Table 3 Characteristics of study reporting incidence of MinD in Alzheimer’s Disease 

Study Sample Diagnostic criteria for MinD Incidence at 1 year follow-up N(%) 

Ballard et al. (1996) Memory clinic outpatients 

UK 

N= 63 (36 without RDC for 

MinD or MD) 

Probable AD (NINCDS-

ADRDA) 

Age: over 65-years  

RDC for MinD based on CSDD 29.8% (95% CI: 18-46.9) developed RDC 

MinD 

Note: RDC: Research Diagnostic Criteria; MinD: Minor Depression; MD: Major Depression; NINCDS-ADRDA: National Institute of Neurological and Communicative 

Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association criteria; CSDD: Cornell Scale for Depression in Dementia 

 

Table 4 Characteristics of studies reporting on treatments for MinD in Alzheimer’s disease 

Study Sample Diagnostic criteria 

for MinD  

Intervention Primary outcome Results 

Drye et al. (2011) 

DIADS-2 

Study 

 

RCT 

 

 

Memory clinic 

outpatients and 

Veteran geriatric 

clinics 

USA 

N = 131 

MinD: 54 (41.2%) 

Probable AD 

(DSM-IV-TR and 

MMSE score of 10-

26 inclusive) 

 

Age: Median 79 

MMSE: 20 (IQR: 

16-24) 

Mild to moderate 

AD 

Diagnostic criteria of 

depression in AD 

(NIMH-dAD; Olin et 

al. 2002) and as  

operationalized by 

authors 

 

Meeting 3 or 4 of MaD 

(DSM-IV) depressive 

symptoms (including 

either anhedonia or 

dysphoria) 

 

 

Sertraline  (target dose 

100mg/day) + 

standardized 

psychosocial intervention 

 

Placebo  

+ standardized 

psychosocial intervention 

 

 

Over 24 weeks 

AD – modified mADCS-

CGIC  

 

CSDD 

Sertraline not superior to placebo on 

mADCS-CGIC or CSDD scores at 12 or 

24 weeks  

 

 

 

Teri et al. (1997) 

 

RCT 

Memory clinic 

outpatients 

USA 

N = 72 (caregiver 

dyads) 

MinD: 18 (45%) 

RDC & DSM-III-R 

criteria for  MinD 

 

HDRS  ≥ 10 

1. Behaviour therapy 

based on pleasant events 

2. Behaviour therapy 

based on problem solving 

 

Over 9 weeks 

HDRS 

CSDD 

BDI  

Patients with MinD at baseline still met 

criteria for MinD at post-treatment (p  

values not reported) at 9 weeks 

 

No further data provided  
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Probable AD 

(NINCDS-

ADRDA) 

 

Age: 76.4 (SD 8.2) 

MMSE: 16.5 (SD 

7.4) 

Moderate AD 

 

Control group: waiting 

list  

Note: MinD: Minor Depression; DSM: Diagnostic Statistical Manual of Mental Disorders; MMSE: Mini Mental State Examination; IQR: Interquartile range; NIMH-dAD: 

National Institute of Mental Health, depression of Alzheimer’s Disease criteria; MaD: Major depressive episode; mADCS-CGIC: modified Alzheimer’s Disease Cooperative 

Study Clinical Global Impression of Change; CSDD: Cornell Scale for Depression in Dementia; NINCDS-ADRDA: National Institute of Neurological and Communicative 

Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; SD: Standard Deviation; RDC: Research Diagnostic Criteria; HDRS: Hamilton 

Depression Rating Scale; BDI: Beck Depression Inventory.  

 

  Table 5: Characteristics of studies reporting on neuroanatomical changes and genetic contribution of MinD in Alzheimer’s Disease 

Study  Sample  Diagnostic criteria for MinD Brain areas/genetic loci Results  

Lebedeva 

et al. (2014) 

 

Cross-

sectional 

study 

 

Memory clinic 

outpatients  

Sweden (2 cohorts) 

N= 41 

N=148 

 

Subsyndromal depression 

group: N= 16 (39%) and 

N=84 (56.8%) 

Probable AD (NINCDS-

ADRDA, DSMIV/ICD-

10)  

 

Age: Median 66.0 (IQR 

62.5 – 75) 

MMSE: 22 (range 20-26) 

Age: Median 76.0 (IQR 

70.6 – 80.3) 

MMSE: 24 (range 23-25) 

GDS-15 scores 1-5 

 

CSDD 6 or more 

 

Cortical thickness and CSF 

biomarkers 

 

 

 

 

 

 

 

 

 

 

 

Subsyndromal depression was associated 

with thinning in the left temporal and 

inferior parietal regions, including 

supramarginal, superior and inferior 

temporal and fusiform gyri.  

 

 

In those with subsyndromal depression 

there was a negative correlation between 

CSF levels of the t-protein and cortical 

thickness, especially in the right posterior 

cingulate cortex and right 

parahippocampal and fusiform gyri.  

Lee et al. 

(2014) 

 

Recruited from Research  

dementia centres  

USA 

Subsyndromal depression - DSM-IV criteria 

using SCID 

 

Medial prefrontal regional gray 

matter volume 

No significant differences between those 

with and without subsyndromal 

depression.  
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Cross-

sectional 

study 

 

N=27 

Probable AD (NINCDS-

ADRDA) 

 

Subsyndromal 

depression: 12 (71%)  

Age = 77.8 

Mean = 22.3 (SD 4.4) 

 Medial prefrontal, and limbic 

regional gray matter volume, and 

lobar white matter lesions 

(WMLs) 

 

 

NINCDS-ADRDA: National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association criteria; 

DSM: Diagnostic Statistical Manual of Mental Disorders; IQR: Interquartile range; MMSE: Mini Mental State Examination; GDS-15: Geriatric Depression Scale; CSDD: 

Cornell Scale for Depression in Dementia; SD: Standard Deviation; SCID: Structured Clinical Interview for DSM.   
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Figure 2. Funnel plot to test publication bias of the 10 studies included in the meta-analysis 
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     Table 6. Quality ratings of prevalence studies 

 

      

 

 

 

 

 

 

 

 

 

 

 

 Sample Inclusion 

and 

exclusion 

criteria 

Diagnosis Statistical 

analysis 

Number 

of high 

quality 

ratings 

for the 

study 

 

Cross-sectional studies 

 

Lee et al. (2016) Moderate High High Low 2 

Starkstein et al. 

(2005) 

Moderate High High Low 2 

Starkstein et al. 

(2011) 

Moderate High High Low 2 

Hargrave et al. 

(2000) 

Low High High Low 2 

Lyketsos et al. 

(1997a) 

Moderate Low High Low 1 

Lyketsos et al. 

(1997b) 

Moderate High Moderate High 2 

Vida et al. (1994) Low Moderate High Low 1 

Li et al. (2001) Moderate Moderate Moderate Low 0 

 

Longitudinal studies 

 

Mormont et al. 

(2014) 

Moderate High Low Low 1 

Gilley et al. 

(2004) 

High High    Moderate Low 2 
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Table 4. PRISMA 2009 Checklist 

Section/topic  # Checklist item  
Reported 
on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or 
both.  

1  

ABSTRACT   

Structured 
summary  

2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal and 
synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration 
number.  

2-3 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is 
already known.  

4, 5 

Objectives  4 Provide an explicit statement of questions being addressed 
with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

4,5 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

N/A 

Eligibility 
criteria  

6 Specify study characteristics (e.g., PICOS, length of follow-
up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, 
giving rationale.  

5, 6 

Information 
sources  

7 Describe all information sources (e.g., databases with dates 
of coverage, contact with study authors to identify additional 
studies) in the search and date last searched.  

5, 6, 7 

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated.  

1 
(Appendix) 

Study selection  9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

5, 6, 7 

Data collection 
process  

10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from 
investigators.  

5, 6, 7 

Data items  11 List and define all variables for which data were sought (e.g., 
PICOS, funding sources) and any assumptions and 
simplifications made.  

6-9 

Risk of bias in 
individual 
studies  

12 Describe methods used for assessing risk of bias of 
individual studies (including specification of whether this was 
done at the study or outcome level), and how this 
information is to be used in any data synthesis.  

6, 9, 25 

Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

6-7 
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Synthesis of 
results  

14 Describe the methods of handling data and combining 
results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis.  

6-7 

 

 

Section/topic  # Checklist item  
Reported 
on page #  

Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may affect the 
cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

25 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., sensitivity or 
subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

8, 9 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, 
and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

7, 24, 2-3 
(Appendix)  

Study 
characteristics  

18 For each study, present characteristics for which data were 
extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

4-9 
(Appendix) 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, if available, 
any outcome level assessment (see item 12).  

11 
(Appendix) 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or harms), present, 
for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence 
intervals, ideally with a forest plot.  

8-9; (see 
Figures 
documents) 

Synthesis of 
results  

21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency.  

8-9; (see 
Figures 
documents) 

Risk of bias 
across studies  

22 Present results of any assessment of risk of bias across 
studies (see Item 15).  

11 
(Appendix) 

Additional 
analysis  

23 Give results of additional analyses, if done (e.g., sensitivity 
or subgroup analyses, meta-regression [see Item 16]).  

8-9 

DISCUSSION   

Summary of 
evidence  

24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their relevance 
to key groups (e.g., healthcare providers, users, and policy 
makers).  

11-13 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of 
bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

14 

Conclusions  26 Provide a general interpretation of the results in the context 
of other evidence, and implications for future research.  

14-15 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and 
other support (e.g., supply of data); role of funders for the 
systematic review.  

N/A 
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