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Abstract. We examined the cross-sectional association between mushroom intake and mild cognitive impairment (MCI)
using data from 663 participants aged 60 and above from the Diet and Healthy Aging (DaHA) study in Singapore. Compared
with participants who consumed mushrooms less than once per week, participants who consumed mushrooms >2 portions per
week had reduced odds of having MCI (odds ratio = 0.43, 95% CI 0.23–0.78, p = 0.006) and this association was independent
of age, gender, education, cigarette smoking, alcohol consumption, hypertension, diabetes, heart disease, stroke, physical
activities, and social activities. Our cross-sectional data support the potential role of mushrooms and its bioactive compounds
in delaying neurodegeneration.
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INTRODUCTION22

Emerging evidence has suggested that mushrooms23

may have neuroprotective properties [1–5]. How-24

ever, up to date, only two epidemiological studies25

have examined cognitive benefits of mushroom con-26

sumption in community-living elderly individuals.27

In the Hordaland Health Study, mushroom intake28
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was linearly associated with better cognitive per- 29

formance among Norwegians aged 70–74 years [6]. 30

More recently, investigators from the Ohsaki cohort 31

2006 study showed that frequent mushroom con- 32

sumption of 3 times per week or more was associated 33

with a 19% reduced risk of incident dementia among 34

Japanese aged 65 years and above [1]. 35

While promising results have been reported from 36

the two studies, it remains unknown if mushroom 37

consumption is associated with reduced odds of 38

having mild cognitive impairment (MCI), which is 39

thought to be a transition phase between normal 40
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age-associated cognitive decline and dementia. To41

answer this question, we analyzed cross-sectional42

data from 663 community-living elderly who par-43

ticipated in the Diet and Healthy Aging (DaHA)44

study [7] in Singapore. We hypothesized that mush-45

room consumption is associated with reduced odds46

of having MCI, and this association is independent of47

potential confounders such as age, gender, education48

level, lifestyle factors, and certain medical conditions49

that are associated with cognitive impairment. The50

dose-dependent relationships were examined using51

appropriate statistical methods.52

MATERIALS AND METHODS53

Study population54

We analyzed data from 663 participants aged 6055

and above from the DaHA study who have not been56

diagnosed with dementia or any psychiatric disorders.57

The DaHA is a community-based study in Singapore58

that aims to identify dietary factors that are associ-59

ated with healthy and functional aging and reduced60

risk of age-related conditions such as dementia and61

MCI [7]. Participants were recruited from a geo-62

graphically defined area in Jurong, west Singapore63

primarily through home visits to government-built64

flats in public housing blocks near the Jurong Point65

Shopping Mall, where our study center was located.66

In Singapore, the majority of the population live67

in public housing developed by the Housing and68

Development Board (HDB) so the study sample69

largely represents the general population. Eligible70

participants (aged 60 and above, living in the commu-71

nity) were invited to the study center for interviews72

and assessments. The DaHA study collected a wide73

range of data on demographics, lifestyles, diet, health74

status, medical conditions, cognitive function, psy-75

chological wellbeing, etc., within a cross-sectional76

study design at its baseline from 2011 to 2017. For77

each of the participants, trained research nurses and78

research staff conducted data collection at sequen-79

tially scheduled study visits (2 to 6 in total according80

to the eligibility of each of the participants) that were81

scheduled as closely as possible, typically within82

one-month time. From the total 901 DaHA partic-83

ipants whose data were available for analysis, we84

excluded 20 participants whose cognitive status (MCI85

versus normal cognitive function) were unknown,86

40 participants with a clinical diagnosis of demen-87

tia or psychiatric disorders, 161 participants with88

missing data on mushroom consumption, and 17 89

non-Chinese participants. The remaining sample of 90

663 Chinese participants consisted of 90 MCI and 91

573 people with normal cognitive function. There 92

was no difference on age and gender between the 93

final sample of 633 participants and the 181 partici- 94

pants excluded because of missing data on mushroom 95

consumption or unknown cognitive status. However, 96

high proportion of excluded patricians had an edu- 97

cation level of equal or less than 6 years (93.4% 98

versus 62.9%, p < 0.001). Also, as related to educa- 99

tion level, the mean Singapore modified Mini-Mental 100

State Examination (SM-MMSE) score of excluded 101

participants was lower than that of the final study 102

sample (27.0 ± 2.6 versus 28.2 ± 2.0, p < 0.001). 103

The study is approved by the National University 104

of Singapore Institutional Review Board (NUS IRB 105

10-517). All participants provided informed consent 106

before participating in the study. 107

Mushroom consumption 108

Community research nurses collected informa- 109

tion on the consumption of mushrooms through 110

one-on-one interviews, using a 6-item mushroom 111

consumption questionnaire. The question “how often 112

do you eat the following?” was used in the inter- 113

view. Responses were recorded as number of portions 114

per day (for those who consumed at least 1 portion 115

per day), per week (for those who consumed mush- 116

rooms 1–6 portions per week), or per month (for those 117

who consumed mushrooms less than 1 portion per 118

week). In case the participant was unable to provide 119

an answer, the nurses further probed by asking the 120

participant’s intake over the past one week/over the 121

past month and recorded the responses accordingly. 122

The questionnaire included six mushrooms that are 123

commonly consumed in Singapore: 1) mushroom, 124

golden; 2) mushroom, oyster; 3) mushroom, shiitake; 125

4) mushroom, white button; 5) mushroom, dried; 6) 126

mushroom, button, canned, drained. For each item, 127

the participants were asked to report the frequency of 128

consumption at portion unit. A portion was defined 129

as a standard serving, that is one three-quarter cup 130

of cooked mushrooms with an average weight of 131

around 150 g. A show card was used as a visual aid 132

to explain portion size to participants. Total mush- 133

room intake was calculated based on response to the 134

six items. All responses were then standardized to 135

the number of portions per week using the following 136

formula: 137
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Number of portions per week

= number of portions per day × 7
= number of portions per month/4.345

Mild cognitive impairment138

We used the Singapore modified Mini-Mental139

State Examination (SM-MMSE) [8] to assess global140

cognitive function and further assessed cognitive141

domains in details using a structured neurocognitive142

assessment battery. A local version of the Clinical143

Dementia Rating (CDR) [9] was also administered.144

Two senior consultant psychiatrists (EHK, RM), the145

Principal Investigator of the DaHA study (LF), and146

the clinical assessment team made the consensus147

diagnosis of MCI according to Petersen’s criteria148

[10] with necessary modifications according to local149

context and clinical judgements and consensus of150

the expert panel. In particular, an MCI diagnosis151

was made by the panel if there was clear cognitive152

decline and deficits based on available information153

and clinical judgments but no self-reported cogni-154

tive complaints from the participant. In our local155

setting, the lack of subjective complaint in early156

cognitive decline could potentially be explained by157

low education level and misconception of cognitive158

deficits as part of normal aging; under such scenario,159

consensus diagnosis was reached based on clini-160

cal judgements. For objective evidence of cognitive161

impairment, we used tests with published local norms162

[11]. This set of age- and education- specific norms163

was produced using data from a group of cognitively164

normal community-living elderly in Singapore. Cut-165

off points of objective impairment were determined166

by subtracting 1.5 standard deviations from mean val-167

ues of the test scores for each of the subgroups. We168

also diagnosed dementia and psychiatric disorders169

according to criteria in the Diagnostic and Statistical170

Manual of Mental Disorders, 4th edition (DSM-IV)171

and excluded participants with such diagnoses from172

this analysis because dietary changes are likely to173

happen as the consequence of those conditions.174

Covariates175

The DaHA cohort collected information on a wide176

range of variables at baseline. In the main analysis, we177

considered the following as potential confounders:178

age, gender, education (≤6 years versus >6 years),179

current cigarette smoking, consuming alcohol at least180

once a week, hypertension, diabetes, heart disease,181

stroke, physical activities (daily, 1–6 times/week, less 182

than once a week), social activities (daily, 1–6 times/ 183

week, less than once a week). In further analysis, we 184

controlled for additional variables such as body mass 185

index (kg/m2), arthritis, cancer, and the consump- 186

tion of meat (daily, 1–6 times/week, less than once a 187

week), green vegetables (daily versus less than once 188

a day), fruits (daily, 1–6 times/week, less than once 189

a week), and nuts (daily, 1–6 times/week, less than 190

once a week). 191

Statistical analyses 192

We used chi-square test and the Mann-Whitney 193

U test to compare various characteristics between 194

MCI and cognitively normal participants. We used 195

logistic regression models to examine the associa- 196

tion between mushroom intake and MCI, treating 197

mushroom consumption as a categorical (<1/week, 198

1-2/week, >2/week) or a continuous variable (por- 199

tion/week). We considered different structures for 200

the model forms. Model 1 is a basic model without 201

adjusting any confounder; model 2 is a joint model 202

which adjusted for age, gender, education, cigarette 203

smoking, alcohol consumption, hypertension, dia- 204

betes, heart diseases, stroke, physical activities, and 205

social activities. Further logistic regression analy- 206

sis with additional adjustment of variables such as 207

body mass index, arthritis, cancer, and the consump- 208

tion of meat, green vegetables, fruits and nuts were 209

conducted to assess the robustness of the associ- 210

ation. We then conducted a nonparametric spline 211

modeling to further assess the potentially non-linear 212

dose-dependent relationship in greater detail. We 213

also repeated the main analysis of logistic regres- 214

sion for males and females separately to examine 215

the potential role of gender in modulating the rela- 216

tionship between mushroom consumption and MCI. 217

Additional analysis was conducted by controlling for 218

psychiatric disorders (primarily depressive and anx- 219

iety disorders) in logistic regression model instead 220

of excluding participants with such disorders from 221

analysis. Those results were reported in text only. All 222

analyses were performed using R, a software envi- 223

ronment for statistical computing and graphics and 224

IBM SPSS Statistics for Windows, Version 25 (IBM 225

Corp, Armonk, NY, USA). 226

RESULTS 227

The mean (SD) or N (percentage) of each variable 228

were tabulated (Table 1), presenting comparisons 229
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Table 1
Description of the study sample based on cognitive status

Variable MCI Normal cognitive p1

(N = 90) aging (N = 573)

Age in years, mean (SD) 69.2 (6.1) 67.4 (5.4) 0.012
Female, N (%) 65 (72.2) 416 (72.6) 0.99
Education ≤ 6 years, N (%) 61 (67.8) 356 (62.1) 0.36
Cigarette smokers, N (%) 5 (5.56) 28 (4.88) 0.79
Alcohol consumption (≥1 time/ week), N (%) 6 (6.67) 32 (5.58) 0.63
Hypertension, N (%) 60 (66.7) 261 (45.5) <0.001
Diabetes mellitus, N (%) 24 (26.7) 85 (14.8) 0.008
Heart diseases, N (%) 10 (11.1) 47 (8.2) 0.47
Stroke, N (%) 9 (10.0) 13 (2.3) 0.001

Physical activities 0.80
Daily, N (%) 36 (40.0) 250 (43.6)
1–6 time/week, N (%) 34 (37.8) 200 (34.9)
Less than once a week, N (%) 20 (22.2) 123 (21.5)

Social activities 0.031
Daily, N (%) 10 (11.1) 71 (12.4)
1–6 times/week, N (%) 31 (34.4) 273 (47.6)
Less than once a week, N (%) 49 (54.4) 229 (40.0)

SM-MMSE score, mean (SD) 26.0 (2.4) 28.6 (1.61) <0.001
Mushroom consumption, mean (SD) 1.43 (1.44) 2.10 (2.25) 0.001
1Obtained by using chi-square test or Fisher Exact Test for categorical variables and Mann-Whitney
U test for continuous variables.

between MCI and normal aging participants. MCI230

participants had a higher age than cognitively normal231

participants; MCI participants had a higher pro-232

portion of hypertension, diabetes and stroke, and233

were less active in social activities. MCI participants234

also had lower MMSE scores and lower intake of235

mushrooms. There was no statistically significant dif-236

ference on other variables.237

Results from logistic regression are shown in238

(Table 2). Participants who consumed >2 portions239

of mushrooms per week had lower odds of having240

MCI (OR = 0.43, 95% CI 0.24–0.75, p = 0.003); this241

relationship remained statistically significant after242

adjusting for demographic, lifestyle, and medical243

conditions in model 2 (OR = 0.43, 95% CI 0.23–0.78,244

p = 0.006). Similar results were found when mush-245

room intake was treated as a continuous variable: the246

OR associated with one portion increase in mush-247

room intake was 0.78 (95% CI 0.66–0.93, p = 0.005)248

in adjusted model. Further adjustment for body mass249

index, arthritis, cancer, and the consumption of meat,250

green vegetables, fruits, and nuts in model 3 did not251

change the results significantly; the adjusted odds252

ratio was 0.48 (95% CI 0.26–0.89, p = 0.021) for253

participants who consumed greater than 2 portions254

of mushrooms per week. Results from spline analy-255

ses showed consistent results with logistic regression256

on the reverse relationship between mushroom con-257

sumption and the odds of having MCI. Mushroom258

Table 2
Mushroom consumption (as categorical variable) and mild cogni-

tive impairment

Mushroom Odds Ratio p p for
consumption (95% CI) linear trend

Model 1a 0.003
<1 portion/week Reference
1-2 portions/week 0.58 (0.34, 0.98) 0.043
>2 portions /week 0.43 (0.24, 0.75) 0.003

Model 2b 0.005
<1 portion/week Reference
1-2 portions /week 0.58 (0.33, 1.002) 0.052
>2 portions /week 0.43(0.23, 0.78) 0.006

Model 3c 0.018
<1 portion/week Reference
1-2 portions /week 0.57 (0.33, 1.01) 0.055
>2 portions /week 0.48 (0.26, 0.89) 0.021

aBasic model, no adjustment. bAdjusted for age, gender, edu-
cation, cigarette smoking, alcohol consumption, hypertension,
diabetes, heart diseases, stroke, physical activities, social activ-
ities. cAdjusted for all variables in model 2 + body mass index,
arthritis, history of cancer, and the consumption of meat, green
vegetables, fruits, and nuts.

consumption was associated with reduced odds of 259

having MCI and this was significant at consumption 260

of 0.75 portions/week (reference: 0 portion/week); 261

the slope became less steeper at higher mushroom 262

consumption level (Fig. 1). Stratified analysis based 263

on gender showed broadly similar findings in males 264

and females. The adjusted odds ratio associated with 265

consuming >2 portions of mushrooms per week was 266
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Fig. 1. Functional dependence of mild cognitive impairment on
mushroom consumption (treated as continuous variable): the solid
curve is estimated via the smoothing spline approach. aAdjusted for
age, gender, education, cigarette smoking, alcohol consumption,
hypertension, diabetes, heart diseases, stroke, physical activities,
social activities.

0.27 (95% CI 0.08–0.97, p = 0.045) in men and 0.43267

(95% CI 0.21–0.88, p = 0.02) in women. When par-268

ticipants with psychiatric disorders were included,269

further adjusting for psychiatric diagnosis in addi-270

tion to all variables in model 2 produced similar271

results: the adjusted odds ratio was 0.39 (95% CI272

0.22–0.70, p = 0.002) for participants who consumed273

greater than 2 portions of mushrooms per week.274

DISCUSSION275

Using data from the Diet and Healthy Aging Study276

in Singapore, we found that mushroom consumption277

was associated with reduced odds of having MCI.278

The reduction was significant for participants who279

consumed greater than 2 portions of mushrooms per280

week.281

Our findings are consistent with earlier studies282

that have examined the relations between mush-283

room consumption and cognitive health in aging284

among community-living elderly. Using data from285

the Hordaland study, Nurk and colleagues found that286

mushroom consumers had better performance on all287

six cognitive tests as compared with non-consumers;288

the dose-response association of mushrooms on cog-289

nitive performance tended to be linear [6]. Our290

logistic regression and spline analysis confirmed the291

approximate linear relationship between mushroom292

intake and cognition, we further identified a criti- 293

cal threshold of 2 portions per week (from logistic 294

regression) and 0.75 portions per week (from spline 295

analysis) since only consumption above this amount 296

was associated with statistically reduced odds of hav- 297

ing MCI. Using logistic regression, we found that 298

those who consumed greater than 2 portions of mush- 299

rooms per week had lower odds of having MCI 300

(OR = 0.43, 95% CI 0.23–0.78); this is in line with 301

findings from the study conducted by Zhang and col- 302

leagues using data from the Ohsaki cohort study, in 303

which a statistically significant finding was revealed 304

for participants who consumed mushrooms 3 times 305

or more per week (adjusted Hazard Ratio = 0.81). 306

The observed effect size appears greater than that 307

observed in the Japanese study [1]. However, the 308

Japanese study was a prospective cohort study with 309

incident dementia as the study outcome while ours 310

is a cross-sectional study focusing on MCI; further- 311

more, the Japanese study adjusted for consumption 312

of other foods in their main analysis. Hence, direct 313

comparison of effect sizes in the two studies is not 314

appropriate. 315

There were inconsistent findings on mushroom 316

consumption and cognition among middle-aged men 317

and women in the Doetinchem Cohort study [12]. 318

In this study, mushroom consumption was correlated 319

with faster processing speed but not performance on 320

other cognitive domains or change of cognitive func- 321

tion over time. Again, important differences in study 322

design (for example: cognitive function and decline 323

versus MCI as the study outcome) and key character- 324

istics of the study population (for example: younger 325

age and better education of participants of the Doet- 326

inchem cohort as compared with the DaHA study) 327

prevent direct comparisons between the two studies. 328

Indeed, comparing findings from epidemiological 329

studies is often not feasible because of reasons men- 330

tioned above. For replication purposes, future studies 331

need to adopt similar study design and methods to 332

enhance comparability. A meta-analysis could then 333

be conducted to pool accumulated evidence together. 334

The observed correlation between mushrooms and 335

reduced odds of MCI in our study sample is biolog- 336

ically plausible. Certain components in mushrooms, 337

such as hericenones, erinacines, scabronines and dic- 338

tyophorines may promote the synthesis of nerve 339

growth factors [4]. Bioactive compounds in mush- 340

rooms may also protect brain from neurodegeneration 341

by inhibiting production of amyloid-� and phospho- 342

rylated tau, and acetylcholinesterase [5]. Mushrooms 343

are also one of the richest dietary sources of 344
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ergothioneine (ET) [13, 14]. ET, a thione-derivative345

of histidine (reviewed in [15]) is an unique putative346

antioxidant and cytoprotective compound [15–18].347

While humans are unable to synthesize ET, it can348

be readily absorbed from diet (main source is mush-349

rooms) and actively accumulated in the body and the350

brain via a specific transporter, OCTN1 [19–22]. Our351

recent study in elderly Singaporeans revealed that352

plasma levels of ET in participants with MCI were353

significantly lower than age-matched healthy indi-354

viduals [23], leading us to believe that a deficiency in355

ET may be a risk factor for neurodegeneration, and356

increase ET intake through mushroom consumption357

might possibly promote cognitive health.358

The strengths of our study include the comprehen-359

sive information on mushroom intake and clinical360

diagnosis of MCI. We also carefully adjusted for361

a number of potential confounders using multivari-362

able analysis. However, there are also limitations.363

With a cross-sectional study design, causal infer-364

ence between mushroom intake and MCI cannot365

be made. It is possible that mushroom consump-366

tion decreased after the development of cognitive367

impairment. Also, the results were based on the368

self-reported information on mushroom intake and369

other dietary factors, which may not be accurate,370

especially for those who were cognitively impaired;371

under-reporting and over-reporting cannot be ruled372

out. Thirdly, although we adjusted for a wide range373

of confounding factors, there could be residual con-374

founding from unmeasured factors which could have375

inflated the effect size estimates. To overcome those376

limitations, a longitudinal follow-up study with a377

larger sample size, peripheral biomarkers of both ET378

and age- and dementia related biomarkers should be379

conducted in the future. While evidence from our380

study and previous epidemiological studies is sug-381

gestive, whether an increase mushroom consumption382

will reduce cognitive decline and cognitive impair-383

ment remains established. Promising results have384

been reported from a small scale clinical trial that385

used a specific type of mushroom (Yamabushitake) as386

the intervention [4]; however, more data are needed387

before a definitive conclusion can be drawn. We are388

aware that effective prevention may require multiple389

nutritional changes (for examples: homocysteine-390

lowering B vitamins [24, 25], tea and tea compounds391

[26, 27], etc.) to achieve public health impact, but392

as a necessary first step the efficacy of each of the393

promising candidate should be assessed separately394

[27]. Mushrooms or active ingredients from mush-395

rooms, such as ET, represent potential interventions.396

In summary, using community-based data in Sin- 397

gapore, we found that mushroom consumption was 398

associated with reduced odds of MCI. Based on 399

current evidence, we propose that mushroom con- 400

sumption could be a potential preventive measure 401

to slow cognitive decline and neurodegeneration in 402

aging. 403
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