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Abstract

Introduction

Adiponectin may be a biomarker of cognitive impairment stage, and its clinical progression.

In this study we aimed to evaluate the relationship between serum adiponectin levels and

cognitive performances in menopausal women, and whether serum adiponectin levels may

be differently associated with cognitive performances as compared to overweight/obese

subjects.

Methods

We enrolled 188 post-menopausal women, divided into two groups: obese/overweight

group (n = 96) and normal weight group (n = 92). After a clinical examination, and laboratory

measurements, we assessed cognitive functions by Montreal Cognitive Assessment test

(MoCA).

Results

A significant and greater decrease in executive/visuo-spatial and in attention functions

occurred in obese/overweight group as compared to normal weight group (p< 0.001). A sig-

nificant positive relationship between serum adiponectin levels, and MoCA Global cognitive

function was found. MoCA executive, and MoCA attention functions significantly and posi-

tively correlated with serum adiponectin levels. BMI, WHR, and serum adiponectin levels

were independently associated with MoCA Global cognitive function, but only serum adipo-

nectin levels were independently associated with MoCA attention.

Conclusion

A significant positive association may exist between serum adiponectin levels, and better

cognitive function in postmenopausal status. The major determinant of attentional capacity

was just serum adiponectin levels, and dosage of serum adiponectin levels may be early
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serum marker of cognitive decline. Therefore, serum adiponectin level has to be used, as

early biomarker, to detect cognitive decline, and to support an early prevention.

Introduction

Epidemiological studies suggest a relationship between midlife metabolism and cognitive

performances [1–2]. Indeed, in addition to genetic factors, midlife metabolic diseases, as

diabetes, hypertension, obesity are independently associated with impaired cognition in old

age [3–5]. In female patients, the midlife may be considered as the period of life coinciding

with menopause transition. In fact, during menopause transition, many women may experi-

ence weight gain, associated to central fat deposition and consequently obesity [6–7]. Recent

studies reported that obesity is associated with poor neurocognitive outcome and with struc-

tural brain changes, including excess age-related atrophy and white matter disease [8]. Con-

versely, there is some evidence that obesity may be protective against cognitive decline in

women due probably to endogenous estrogens [9–10]. Although the mechanism for gender

differences in cognitive decline remains unclear, anyway women have a 2-fold higher lifetime

risk of developing dementia as compared to men [11]. Clinical studies indicate that, estrogen

reduction during both menopausal transition and postmenopause can adversely affect brain

functions, and in particular brain functions related to verbal memory and verbal fluency [12].

Therefore, in this population already at risk for dementia, a strategy for preventing and delay-

ing cognitive decline is to focus on both the metabolic phenotype [1] but also on the identifica-

tion of early biomarkers such as peripheral indicators for cognitive decline risk. Moreover,

adiponectin that is a plasma protein secreted by adipose tissue [8], and associated to anti-dia-

betic, anti-inflammatory [13–14], and anti-atherogenic properties [15–16], may result as a bio-

marker of cognitive decline stage, and its clinical progression [17–18]. During postmenopausal

period, in obese and insulin-resistant individuals, serum adiponectin levels are significantly

reduced [19–20]. Actually, it is known that in postmenopausal women low plasma levels of

adiponectin may be associated with increased prevalence of metabolic syndrome, osteoporosis,

and obesity [21], but no studies have evaluated, during this period, the likely relationship

about serum adiponectin levels and cognitive performance. Therefore, in this study we aimed

to evaluate the relationship between serum adiponectin levels, and cognitive performances in

menopausal women, and whether serum adiponectin levels may be differently associated with

cognitive performances in normal weight subjects as compared to overweight and obese

subjects.

Materials and methods

Study population

In this study we screened a study population of 224 postmenopausal women aged 50–66 years.

The clinical diagnosis of menopause status was the study eligibility criteria. The diagnosis of

menopause was based on three criteria, as recommended by authors of cited paper [22]: self

reported menstrual characteristics (last menstruation > 1 year ago) confirmed by blood follic-

ular stimulating hormone (FSH) level (>20 IU/L) and estradiol level (�30 pg/ml).

Thirty-six women met exclusion criteria. Exclusion criteria included surgical menopause,

hormone replacement therapy or oral contraceptives, hypertension, diabetes mellitus and met-

abolic syndrome, anemia and/or pulmonary disease and/or cancer, or recent acute illness,

severe cognitive decline and/or Alzheimer dementia, or depression history, drugs or alcohol
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abuse or dependence in the last two years. Finally, among screened population we enrolled 188

postmenopausal women who received evaluation of anthropometric, glycemic, inflammatory

and hormonal parameters and performed the psychometric test at our outpatient Geriatric

Centre.

According to World Health Organization criteria for overweight and obesity diagnosis

[23], obesity was defined as BMI� 30.0 Kg/m2 and overweight as BMI� 25.0 Kg/m2. There-

fore, postmenopausal women were then divided into two groups: obese/overweight group

(n = 96) and normal weight group (n = 92). After a clear explanation of the study, all women

provided written informed consent to participate in the study, which was approved by the Eth-

ical Committee of AOU Second University of Naples.

Clinical examination. Clinical and physical examination, anthropometric measurements

(weight and height, Body Mass Index-BMI, Waist Hip Ratio-WHR), vital signs (Blood pres-

sure, Hearth rate), nutritional status and life style were evaluated.

Laboratory measurements. All blood samples for fasting plasma glucose (FPG), Choles-

terol, Interleukin-6 (IL-6), Tumor Necrosis Factor-alfa (TNF-a), C-reactive Protein (CRP) and

serum adiponectin levels evaluation were obtained in the morning after overnight fasting and

were immediately separated by centrifugation at 1000g, aliquoted and stored at −20˚C. Plasma

glucose levels were determined by enzymatic colorimetric assay using a modified glucose oxi-

dase-peroxidase method (Roche Diagnostics, GmbH, Mamnhein, Germany). FSH and estra-

diol levels were determined using MEIA kits, Abbott (sensitivity 1 ng/mL for estradiol and

0.5 mIU/mL for FSH). Serum adiponectin levels were determined using the Quantikine1

Human Adiponectin assay (R&D Systems). Serum IL-6 and serum TNF-a were determined in

duplicate, using ELISA Assay (Orgenium Diagnostic). CRP was determined using automated

turbidimetry.

Assessment of cognitive functions. Global cognitive function was assessed with Montreal

Cognitive Assessment test (MoCA) [24], used to assess different cognitive domains: attention

and concentration, executive functions, memory, language, constructive abstraction, calcula-

tion and orientation. The time of administration of the test is 10–15 minutes, the maximum

possible score is 30 points; a score equal to or greater than 27 is considered normal. Mild Cog-

nitive Impairment (MCI) was diagnosed according to Petersen’s classification: (a) memory

complaint, preferably corroborated by an informant; (b) cognitive impairment in� 1 domains

(executive function, memory, language, or visuospatial); (c) normal general cognitive function;

(d) intact activities of daily living; (e) no diagnosis of dementia [25]. A diagnosis of MCI was

recommended if the MoCA test score is a range between 20 and 26 [24].

Activity functions were assessed by Instrumental Activities of Daily Living (IADL) and the

Basic Activities of Daily Living (BADL) while depressive symptoms by Geriatric Depression

Scale (GDS short version) [26–27].

Statistical analysis

Statistical analysis was performed with the use of SPSS software (version 19). All data were pre-

sented as mean±SD. A value of P<0.05 was considered significant. A priori power analysis was

conducted before the study (G�power) which estimated that a sample size of 135 individuals

would achieve adequate power to support the current hypotheses. The inter-group comparison

of the metabolic and inflammatory parameters was performed using the Student’s t-test for

independent variables. Correlation analysis was performed using a Pearson’s correlation coef-

ficient. Multivariate analysis was used to explore the influence of different variables on MoCA

test values including age, BMI, FPG, cholesterol, FSH, Estradiol, TNFa, CRP, IL6 and serum

adiponectin levels.
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Results

Anthropometric, metabolic, inflammatory and hormonal characteristics of the study popula-

tion are reported in Table 1. In the whole group, all participants were overweight and obese

(BMI = 27.1± 3.4 kg/m2), with appropriate metabolic control, and with mildly higher inflam-

matory serum levels (Table 1). There was no statistical significant difference about age, systolic

and diastolic blood pressure, FPG, and cholesterol serum levels, comparing obese/overweight

group to normal weight group. Conversely, obese/overweight group showed lower serum lev-

els of adiponectin (7.5±2.7 v/s 11.2±2.5 microg/ml, p< 0.001) and higher levels of the inflam-

matory parameters as compared to normal weight group (TNF-a = 1.9±0.3 v/s 1.7±0.2 pg/ml,

p< 0.001; CRP = 2.9±0.7 v/s 2.6±0.6 mg/ml, p 0.008; IL6 = 2.2±0.4 v/s 2.1±0.4 pg/ml, p 0.05)

(Tab1).

In the whole group, cognitive scores revealed a MCI (MoCA test = 25.3±1.7). A significant

decrease in global cognitive function occurred (24.3±1.7 v/s 26.3±0.8, p<0.001) when obese/

overweight group is compared to normal weight group. Focusing on single cognitive domains,

a significant decrease in executive/visuospatial (3.6±0.7 v/s 4.3±0.7, p value <0.001), and in

attention functions (4.1±1.1 v/s 4.9±0.7, p value <0.001), occurred in obese and overweight

group as compared to normal weight group (Table 2). All participants were well functioning

Table 1. Anthropometric, metabolic, inflammatory and hormonal parameters of all participants and according to BMI.

All patients Obese and overweight group p Normal weight group

N = 188 N = 96 N = 92

Age (years) 60.6 ± 3.6 60.2 ± 4.1 ns 61.1 ± 3.1

BMI (Kg/m2) 27.1 ± 3.4 30.5 ± 1.2 0.001 23.6 ± 0.9

WHR 0.86 ± 0.02 0.88 ± 0.01 0.001 0.84 ± 0.02

Systolic blood pressure (mmHg) 118 ± 5 117 ± 5 ns 118 ± 5

Diastolic blood pressure (mmHg) 80 ± 3 80 ± 3 ns 81 ± 4

FPG (mg/dl) 95 ± 9 96 ± 9 ns 94 ± 8

Cholesterol (mg/dl) 175 ± 12 176 ± 11 ns 173 ± 12

TNF-a (pg/ml) 1.8 ± 0.3 1.9 ± 0.3 0.001 1.7 ± 0.2

CRP (mg/ml) 2.7 ± 0.6 2.9 ± 0.7 0.008 2.6 ± 0.6

IL6 (pg/ml) 2.1 ± 0.4 2.2 ± 0.4 0.05 2.1 ± 0.4

Estradiol (ng/ml) 14.1 ± 2.5 13.8 ± 2.3 ns 14.2 ± 2.7

FSH (ng/ml) 124 ± 16 126 ± 16 ns 124 ± 15

Adiponectin (microg/ml) 9.3 ± 3.2 7.5 ± 2.7 0.001 11.2 ± 2.5

https://doi.org/10.1371/journal.pone.0186205.t001

Table 2. MOCA test values of all participants and according to BMI.

All patients Obese and overweight

group

Normal weight group

Cognitive domains Cut-off N = 188 N = 96 P N = 92

Global cognitive function 30/30 25.3 ± 1.7 24.3 ± 1.7 0.001 26.3 ± 0.8

Executive/visuospatial functions 5/30 3.9 ± 0.8 3.6 ± 0.7 0.001 4.3 ± 0.7

Concentration (naming) 3/30 2.7 ± 4.7 2.7 ± 0.5 ns 2.8 ± 0.4

Attention 6/30 4.5 ± 0.9 4.1 ± 1.1 0.001 4.9 ± 0.7

Language 3/30 2.6 ± 0.5 2.5 ± 0.5 ns 2.7 ± 0.4

Constructive abstraction 2/30 1.8 ± 0.4 1.7 ± 0.4 ns 1.8 ± 0.3

Memory 5/30 4.1 ± 0.7 3.9 ± 0.7 ns 4.1 ± 0.6

Orientation 6/30 5.6 ± 0.5 5.5 ± 0.5 ns 5.6 ± 0.4

https://doi.org/10.1371/journal.pone.0186205.t002
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(BADL = 5.7 ± 0.2 and IADL = 6.7 ± 0.9) and were not depressed (GDS score = 3.6 ± 2.4) (data

no shown).

As expected, BMI and WHR negatively and significantly correlated with serum adiponectin

levels (r = -0.541, p<0.001; r = -0.474, p<0.001). In addition, we found a significant negative

relationship between BMI, WHR, TNFa, and a significant positive relationship between serum

adiponectin levels and MoCA Global cognitive function (Table 3). Furthermore, only the

MoCA executive and MoCA attention functions correlated significantly and negatively with

BMI, WHR and significantly and positively with serum adiponectin levels (Table 3). No corre-

lation was found between FSH and estradiol levels and Cognitive functions (Table 3).

The independent associations of MoCA values with anthropometric, metabolic, inflamma-

tory and hormonal parameters were tested in multivariate analyses (Tables 4 and 5). A first

model including age, BMI, WHR, FPG, cholesterol, FSH, estradiol, TNFa, CRP, IL6 levels, as

independent variables, explained 39%, 19% and 16% of MoCA Global cognitive function, exec-

utive/visuospatial and in attention functions respectively. In such analyses only age and BMI

were independently associated with MoCA Global cognitive function, executive/visuospatial

and attention functions (Table 4 –Model 1). Adding to this model adiponectin as independent

variable, it explained 42%, 19% and 21% of MoCA about Global cognitive function, executive/

Table 3. Correlation between anthropometric, inflammatory, hormonal parameters and MoCA test values in all patients.

MoCA MoCA MoCA MoCA MoCA MoCA MoCA MoCA

Global cognitive

function

Executive/

visuospatial functio

Concentration

(Naming)

Attention Language Constructive

abstraction

Memory Orientation

Characteristics

BMI - 0.541** -0.405** - 0.117 - 0.370** - 0.157* - 0.025 - 0.106 - 0.081

WHR - 0.480** -0.356** - 0.081 -0.273** - 0.176* - 0.067 - 0.119 - 0.027

TNFa - 0.247** -0.142 - 0.078 -0.134 -0.044 - 0.086 - 0.113 - 0.010

CRP - 0.057 -0.022 - 0.098 -0.028 -0.011 -0.077 - 0.029 - 0.068

IL6 -0.135 -0.078 -0.117 - 0.011 -0.012 -0.082 -0.096 - 0.035

FSH 0.769 0.582 0.894 0.395 0.927 0.134 0.894 0.441

Estradiol 0.147 0.495 0.464 0.241 0.690 0.443 0.536 0.179

Adiponectin 0.492** 0.209** 0.173 0.390** 0.091 0.026 0.124 0.106

*p< 0.05

**p < 0.001.

https://doi.org/10.1371/journal.pone.0186205.t003

Table 4. MODEL 1-Linear multivariate analyses with MoCA total score, MoCA executive score and MoCA attention score as dependent variable.

MoCA-Global Cognitive Function MoCA-Executive/visuospatial functions MoCA-Attention

B SEM Beta t pvalue B SEM Beta t pvalue B SEM Beta t pvalue

Age -,088 ,028 -,191 -3,161 ,002 ,005 ,015 ,023 ,329 ,743 -,006 ,019 -,021 -,302 ,763

BMI -,228 ,050 -,495 -4,576 ,000 -,078 ,027 -,356 -2,855 ,005 -,121 ,034 -,453 -3,564 ,000

WHR -4,662 7,040 -,069 -,662 ,509 -1,665 3,851 -,052 -,432 ,666 3,332 4,815 ,085 ,692 ,490

FPG -,012 ,011 -,068 -1,126 ,262 -,005 ,006 -,062 -,878 ,381 -,007 ,007 -,065 -,910 ,364

Cholesterol -,011 ,009 -,077 -1,279 ,203 -,001 ,005 -,018 -,253 ,801 ,003 ,006 ,038 ,540 ,590

FSH ,009 ,006 ,087 1,461 ,146 ,004 ,003 ,077 1,115 ,266 -,001 ,004 -,021 -,298 ,766

Estradiol ,067 ,040 ,102 1,677 ,095 ,017 ,022 ,054 ,769 ,443 ,033 ,027 ,086 1,207 ,229

TNF-a -,287 ,372 -,052 -,771 ,442 -,071 ,204 -,028 -,351 ,726 ,066 ,255 ,021 ,260 ,795

CRP ,189 ,163 ,075 1,155 ,250 ,133 ,089 ,111 1,485 ,139 ,017 ,112 ,011 ,150 ,881

IL-6 -,300 ,278 -,072 -1,079 ,282 -,101 ,152 -,051 -,663 ,508 ,166 ,190 ,069 ,870 ,385

https://doi.org/10.1371/journal.pone.0186205.t004
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visuospatial and in attention functions respectively. Therefore, age, BMI and serum adiponec-

tin levels were independently associated with MoCA Global cognitive function, but only

serum adiponectin levels were independently associated with MoCA attention (Table 5 –

Model 2).

Discussion

The major finding of this study is that a significant positive association may exist between

serum adiponectin levels and better cognitive function in postmenopausal women. We showed

that cognitive domain of attention function is significantly, and positively associated with

serum adiponectin levels, and independently associated with obesity. These findings under-

score the relevance of obesity, and overweight in worsening of cognitive function in meno-

pausal women. On the contrary, an unexpected relevant result was the association between

serum adiponectin levels, and only the best performances at attention function.

In fact, in most studies obesity and overweight in postmenopause women, are associated

with increased risk of cognitive impairment, and dementia [1–7]. Surprisingly, although WHR

should be a more sensitive indicator of obesity in comparison with BMI, because the WHR

method assesses fat distribution, we showed a significant correlation for WHR and BMI with

global cognitive function(Table 3) and a significant correlation for BMI, but not for WHR,

with global cognitive function (Tables 4 and 5). Probably our results depend on a smaller and

normal range waist values (mean value of waist = 81 cm) and bigger hips values (mean value of

hips = 94) of the enrolled women. Scientists believe it is better to have a smaller waist and big-

ger hips than having all the weight around the middle area. In fact, central obesity defined by

WHR is a higher risk factor than BMI-defined obesity, particularly in the presence of central

fat distribution [28].

However, the mechanisms underlying the linkage between menopause, obesity and cogni-

tive function are not well understood, and likely involve multiple pathways interacting one

with each other [8]. It is well known that in postmenopause women the direct or indirect

effects of obesity on cognition are protective by increased endogenous estrogen levels [9–

10,14]. In contrast, other studies have emphasized that metabolic conditions observed in obe-

sity, such as oxidative stress alterations, mitochondrial dysfunction, and hyper-inflammation,

may be potential mediators in the development and progression of cognitive decline. These

effects may contribute in turn to progression of white matter disease, independently by higher

Table 5. MODEL 2—Linear multivariate analyses with MoCA total score, MoCA executive score and MoCA attention score as dependent variable.

MoCA-Global Cognitive Function MoCA-Executive/visuospatial functions MoCA-Attention

B SEM Beta t pvalue B SEM Beta t pvalue B SEM Beta t pvalue

Age -,072 ,028 -,156 -2,585 ,011 ,004 ,016 ,018 ,250 ,803 ,007 ,019 ,025 ,360 ,719

BMI -,192 ,050 -,416 -3,794 ,000 -,080 ,028 -,368 -2,845 ,005 -,053 ,014 -,1346 -1,706 ,057

WHR -2,827 6,934 -,042 -,408 ,684 -1,793 3,877 -,056 -,462 ,644 4,779 4,707 ,121 1,015 ,311

FPG -,008 ,011 -,043 -,712 ,477 -,006 ,006 -,065 -,919 ,359 -,003 ,007 -,030 -,433 ,665

Cholesterol -,011 ,008 -,074 -1,259 ,210 -,001 ,005 -,018 -,258 ,797 ,003 ,006 ,042 ,607 ,545

FSH ,010 ,006 ,096 1,637 ,103 ,004 ,003 ,076 1,092 ,276 -,001 ,004 -,009 -,133 ,895

Estradiol ,054 ,040 ,082 1,374 ,171 ,018 ,022 ,057 ,802 ,423 ,023 ,027 ,060 ,853 ,395

TNF-a -,156 ,368 -,028 -,423 ,673 -,081 ,206 -,031 -,392 ,696 ,170 ,250 ,053 ,680 ,497

CRP ,178 ,160 ,071 1,111 ,268 ,133 ,090 ,112 1,489 ,138 ,008 ,109 ,006 ,078 ,938

IL-6 -,275 ,273 -,066 -1,007 ,315 -,103 ,153 -,052 -,673 ,502 ,186 ,185 ,077 1,001 ,318

Adiponectin ,103 ,038 ,205 2,838 ,005 -,007 ,021 -,030 -,353 ,724 ,084 ,025 ,278 3,297 ,001

https://doi.org/10.1371/journal.pone.0186205.t005
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and/or lower levels of estrogen [29]. In particular, a possible mechanism for cognitive decline

in postmenopausal women may be brain inflammation due to the response of the immune sys-

tem to decreased levels of estrogen [29–30].

In our study estrogen serum levels were not related to cognitive performance while inflam-

mation and obesity/overweight status were associated significantly and negatively associated

to lower levels of the scores obtained from the measure of global cognitive status (MoCA test).

Theseresults may mean that, the estrogens effect are not specific on cognitive functions, and/

or that the association with cognitive functions may be only spurious. Conversely, our findings

are consistent with the hypothesis that low-grade systemic inflammation tone, and obesity

may be associated with MCI. Obesity, in turn, accompanied by a proinflammatory condition,

stimulate the production of cytokines and of adipocyte-derived hormonal substances. These

events can be the key to explaining the existence of a relationship between obesity and cogni-

tive decline [13–14]. Among the various molecules secreted by adipose tissue, adiponectin is

known for a long time. Among its many functions, adiponectin is involved in the modulation

of glucose metabolism and inflammation [13–14,31] and, at the cerebral level, adiponectin

plays a significant role in the cognitive functions disorders [18]. Although in menopause its

serum levels may be reduced in obese women and in women affected by insulin resistance and

metabolic syndrome [19–21], there are actually no studies evaluating in menopausal women

the possible links of serum adiponectin levels and cognitive performance.

Our findings suggest that lower levels of adiponectin may be associated with cognitive dys-

function, independently by obesity. We theorized that, serum adiponectin levels, indepen-

dently of obesity, could indirectly influence cognitive performances through modulation of

several interrelated systemic factors. Indeed, adiponectin receptors are widely distributed in

the central nervous system [32–34]. A relevant message of the study is the strong correlation

between higher serum levels of adiponectin, and cognitive domains, such as attention, and

executive functions. This suggest that adiponectin could preferentially affect these domains

and/or the traditional relationships between adipose tissue, adipocytokines and inflammatory

biomarkers in the setting of cognitive decline. Although the changes in attentional process and

in executive function are not as great as the changes in everyday memory, they can affect all

performances [35–36]. Executive function refers to integrative functions of higher cognitive

processes that can modulate both cognitive and behavioral components. This modulative effect

is necessary for the control of attentional resources, which are at the basis of the ability to man-

age independent activities of daily living [35–36]. Attentional process may be considered an

anatomical network that influences the operation of other brain networks. Attentional process

has the function to carry out more than one task at the same time [35–36]. Although the spe-

cific definitions of attention and executive function are complex, it may be interesting to know

how an aging affects these mechanisms. Indeed, usually a global cognitive evaluation is not

performed in clinical practice, because it takes many hours and/or it is performed using the

Mini-Mental State Examination (MMSE) [24], which is inadequate to identify a MCI, due to

poor sensitivity, lack of executive functions evaluation items, and limited performance range

performed usually by normal individuals. It is weel known that MMSE is more specific for

patients already suffering from dementia [24]. Conversely, it would be advantageous to iden-

tify potential early markers, or peripheral indicators, and/or biomarkers able to predict early

risk of cognitive decline [24]. We decided to use the MoCA test for the assessment of cognitive

status [24]. Although MMSE also explore cognitive functions, we used the MoCA test as the

best battery test to assess a greater number of cognitive domains. The MoCA test is therefore

more challenging test, including the assessment of executive functions, attentional capacity,

complex visual-spatial functions and complex type speech, being able to allow the identifica-

tion also only of a mild impairment of these features [24]. Using this test, we found that the
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major determinant of attentional capacity was just serum adiponectin level. The data shown

are of great interest as they indicate that adiponectin could represent an initial marker of cog-

nitive decline. Unfortunately, there are no clinical studies about how adiponectin affects the

global cognitive state, attention and executive functions. In clinical practice, it is helpful to

emphasize to women that scientific evidence suggests us, that cognitive and attention declines

are possible, and very frequent in menopause status. For this reason we may speculate, that

this process has to be prevented by the dosage of possible early biomarkers of cognitive decline.

Lastly, since adiponectin represents a therapeutic target for some pathologies [37], the activa-

tion of its receptors could be a promising way also of cognitive decline modulation. Finally,

the present study has several limitations that must be considered. First, this is a cross sectional

study showing only an association between serum adiponectin levels, and better cognitive

parameters, preventing to affirm a cause effect relationship. Second, this study includes a small

sample size of the participants. However, the findings need to be confirmed in larger and lon-

gitudinal study.

Author Contributions

Conceptualization: Pasquale De Franciscis, Michelangela Barbieri, Nicola Colacurci, Giu-

seppe Paolisso, Maria Rosaria Rizzo.

Data curation: Maria Rosaria Rizzo.

Formal analysis: Michelangela Barbieri, Raffaele Marfella, Maria Rosaria Rizzo.

Methodology: Pasquale De Franciscis, Michelangela Barbieri, Stefania Leo, Anna Maria

Dalise, Celestino Sardu, Maria Rosaria Rizzo.

Supervision: Raffaele Marfella, Nicola Colacurci, Giuseppe Paolisso, Maria Rosaria Rizzo.

Validation: Nicola Colacurci, Giuseppe Paolisso.

Writing – original draft: Pasquale De Franciscis, Maria Rosaria Rizzo.

Writing – review & editing: Maria Rosaria Rizzo.

References
1. Rettberg JR., Dang H, Hodis HN., Henderson VW, St. John J A, Mack WJ, Diaz Brinton R. Identifying

postmenopausal women at risk for cognitive decline within a healthy cohort using a panel of clinical met-

abolic indicators: potential for detecting an at-Alzheimer’s risk metabolic phenotype. Neurobiology of

Aging 2016: 40, 155–163 https://doi.org/10.1016/j.neurobiolaging.2016.01.011 PMID: 26973115

2. Siervo M, Harrison SL, Jagger C, Robinson L, Stephan BC. Metabolic syndrome and longitudinal

changes in cognitive function: a systematic review and meta-analysis. J Alzheimers Dis. 2014; 41

(1):151–61 https://doi.org/10.3233/JAD-132279 PMID: 24577475

3. Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor for dementia and mild cognitive

impairment: a meta-analysis of longitudinal studies. Intern. Med. J. 2012; 42, 484–491 https://doi.org/

10.1111/j.1445-5994.2012.02758.x PMID: 22372522

4. Gottesman RF, Schneider AL, Albert M, Alonso A, Bandeen-Roche K, Coker L, Coresh J, Knopman D,

Power MC, Rawlings A, Sharrett AR, Wruck LM, Mosley TH. Midlife hypertension and 20-year cognitive

change: the atherosclerosis risk in communities neurocognitive study. JAMA Neurol. 2014; 71, 1218–

1227 https://doi.org/10.1001/jamaneurol.2014.1646 PMID: 25090106

5. Cohen Ronald A. Obesity-Associated Cognitive Decline: Excess Weight Affects More than the Waist-

line. Neuroepidemiology 2010; 34:230–231 https://doi.org/10.1159/000297745 PMID: 20299803

6. Janssen I, Powell LH, Crawford S, Lasley B, Sutton-Tyrrell K. Menopause and the metabolic syndrome:

the Study of Women’s Health Across the Nation. Arch Intern Med. 2008; 168:1568–1575 https://doi.org/

10.1001/archinte.168.14.1568 PMID: 18663170

7. Gurka MJ, Vishnu A, Santen RJ, DeBoer MD. Progression of Metabolic Syndrome Severity During the

Menopausal Transition. J Am Heart Assoc. 2016 Aug 3; 5(8)

Adiponectin and cognitive performance in post menopausal women

PLOS ONE | https://doi.org/10.1371/journal.pone.0186205 December 21, 2017 8 / 10

https://doi.org/10.1016/j.neurobiolaging.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/26973115
https://doi.org/10.3233/JAD-132279
http://www.ncbi.nlm.nih.gov/pubmed/24577475
https://doi.org/10.1111/j.1445-5994.2012.02758.x
https://doi.org/10.1111/j.1445-5994.2012.02758.x
http://www.ncbi.nlm.nih.gov/pubmed/22372522
https://doi.org/10.1001/jamaneurol.2014.1646
http://www.ncbi.nlm.nih.gov/pubmed/25090106
https://doi.org/10.1159/000297745
http://www.ncbi.nlm.nih.gov/pubmed/20299803
https://doi.org/10.1001/archinte.168.14.1568
https://doi.org/10.1001/archinte.168.14.1568
http://www.ncbi.nlm.nih.gov/pubmed/18663170
https://doi.org/10.1371/journal.pone.0186205


8. Gunstad J, Lhotsky A, Wendell CR, Ferrucci L, Zonderman AB. Longitudinal examination of obesity and

cognitive function: results from the Baltimore longitudinal study of aging. Neuroepidemiology. 2010; 34

(4):222–9 https://doi.org/10.1159/000297742 PMID: 20299802

9. Lebrun CE, van der Schouw YT, de Jong FH, Pols HA, Grobbee DE, Lamberts SW. Endogenous oes-

trogens are related to cognition in healthy elderly women. Clin Endocrinol (Oxf). 2005 Jul; 63(1):50–5

10. Hogervorst E. Effects of gonadal hormones on cognitive behaviour in elderly men and women. J Neu-

roendocrinol. 2013 Nov; 25(11):1182–95. Review. https://doi.org/10.1111/jne.12080 PMID: 23895362

11. Henderson VW. Alzheimer’s disease: review of hormone therapy trials and implications for treatment

and prevention after menopause. J Steroid Biochem Mol Biol. 2014 July; 0: 99–106

12. Laughlin GA, Kritz-Silverstein D, Barrett-Connor E. Higher Endogenous Estrogens Predict Four Year

Decline in Verbal Fluency in Postmenopausal Women: The Rancho Bernardo Study. Clin Endocrinol

(Oxf). 2010 January; 72(1): 99–106

13. Roberts RO, Geda YE, Knopman DS, Boeve BF, Christianson TJ, Pankratz VS, Kullo IJ, Tangalos EG,

Ivnik RJ, Petersen RC. Association of C-reactive protein with mild cognitive impairment. Alzheimers

Dement. 2009 Sep; 5(5):398–405 https://doi.org/10.1016/j.jalz.2009.01.025 PMID: 19751919

14. Chan KH, Lam KS, Cheng OY, Kwan JS, Ho PW, Cheng KK, Chung SK, Ho JW, Guo VY, Xu A. Adipo-

nectin is protective against oxidative stress induced cytotoxicity in amyloid-beta neurotoxicity. PLoS

One. 2012; 7(12):e52354 https://doi.org/10.1371/journal.pone.0052354 PMID: 23300647

15. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin Endocrinol Metab. 2004 Jun; 89

(6):2548–56 https://doi.org/10.1210/jc.2004-0395 PMID: 15181022

16. Palin MF, Bordignon VV, Murphy BD. Adiponectin and the control of female reproductive functions.

Vitam Horm. 2012; 90:239–87 https://doi.org/10.1016/B978-0-12-398313-8.00010-5 PMID: 23017719

17. Teixeira AL, Diniz BS, Campos AC, Miranda AS, Rocha NP, Talib LL, Gattaz WF, Forlenza OV.

Decreased levels of circulating adiponectin in mild cognitive impairment and Alzheimer’s disease. Neu-

romolecular Med. 2013 Mar; 15(1):115–21 https://doi.org/10.1007/s12017-012-8201-2 PMID:

23055000

18. Mattsson C, Olsson T. Estrogens and glucocorticoid hormones in adipose tissue metabolism. Curr Med

Chem. 2007; 14(27):2918–24 PMID: 18045137

19. Sowers MR, Wildman RP, Mancuso P, Eyvazzadeh AD, Karvonen-Gutierrez CA, Rillamas-Sun E, Jan-

nausch ML. Change in adipocytokines and ghrelin with menopause. Maturitas. 2008 Feb 20; 59

(2):149–57. 2008 Feb 14. https://doi.org/10.1016/j.maturitas.2007.12.006 PMID: 18280066

20. Soni AC, Conroy MB, Mackey RH, Kuller LH. Ghrelin, leptin, adiponectin, and insulin levels and concur-

rent and future weight change in overweight, postmenopausal women. Menopause. 2011 Mar; 18

(3):296–301 PMID: 21449093

21. Lobo RA. Metabolic syndrome after menopause and the role of hormones. Maturitas. 2008 May 20; 60

(1):10–8 https://doi.org/10.1016/j.maturitas.2008.02.008 PMID: 18407440

22. Phipps AI, Ichikawa L, Bowles EJA, Carney PA, Kerlikowske K, Miglioretti DL, and Buist DSM. Defining

Menopausal Status in Epidemiologic Studies: a comparison of Multiple Approaches and their Effects on

Breast Cancer Rates. Maturitas;. 2010 September; 67(1): 60–66. https://doi.org/10.1016/j.maturitas.

2010.04.015 PMID: 20494530

23. WHO. Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Commit-

tee. WHO Technical Report Series 854. Geneva: World Health Organization, 1995.

24. Trzepacz PT, Hochstetler H, Wang S, Walker B, Saykin AJ and for the Alzheimer’s Disease Neuroimag-

ing Initiative. Relationship between the Montreal Cognitive Assessment and Mini-mental State Exami-

nation for assessment of mild cognitive impairment in older adults. BMC Geriatrics (2015) 15:107

https://doi.org/10.1186/s12877-015-0103-3 PMID: 26346644

25. Kelley BJ, Petersen RC. Alzheimer’s disease and mild cognitive impairment. Neurol Clin. 2007 Aug; 25

(3):577–609, v. Review. https://doi.org/10.1016/j.ncl.2007.03.008 PMID: 17659182

26. Carlesimo GA, Caltagirone C, Gainotti G. The Mental Deterioration Battery: normative data, diagnostic

reliability and qualitative analyses of cognitive impairment. The Group for the Standardization of the

Mental Deterioration Battery. Eur Neurol; 1996, 36:378–384 PMID: 8954307

27. Ryan CM, Freed MI, Rood JA, Cobitz AR, Waterhouse BR, Strachan MW. Improving metabolic control

leads to better working memory in adults with type 2 diabetes. Diabetes Care; 2006, 29:345–351

PMID: 16443885

28. Sahakyan KR, Somers VK, Rodriguez-Escudero JP, Hodge DO, Carter RE, Sochor O, et al. Normal-

Weight Central Obesity: Implications for Total and Cardiovascular Mortality. Ann Intern Med. 2015 Dec

1; 163(11):827–35 https://doi.org/10.7326/M14-2525 PMID: 26551006

29. Au A, Feher A, McPhee L, Jessa A, Oh S, Einstein G. Estrogens, inflammation and cognition. Front

Neuroendocrinol. 2016 Jan; 40:87–100 https://doi.org/10.1016/j.yfrne.2016.01.002 PMID: 26774208

Adiponectin and cognitive performance in post menopausal women

PLOS ONE | https://doi.org/10.1371/journal.pone.0186205 December 21, 2017 9 / 10

https://doi.org/10.1159/000297742
http://www.ncbi.nlm.nih.gov/pubmed/20299802
https://doi.org/10.1111/jne.12080
http://www.ncbi.nlm.nih.gov/pubmed/23895362
https://doi.org/10.1016/j.jalz.2009.01.025
http://www.ncbi.nlm.nih.gov/pubmed/19751919
https://doi.org/10.1371/journal.pone.0052354
http://www.ncbi.nlm.nih.gov/pubmed/23300647
https://doi.org/10.1210/jc.2004-0395
http://www.ncbi.nlm.nih.gov/pubmed/15181022
https://doi.org/10.1016/B978-0-12-398313-8.00010-5
http://www.ncbi.nlm.nih.gov/pubmed/23017719
https://doi.org/10.1007/s12017-012-8201-2
http://www.ncbi.nlm.nih.gov/pubmed/23055000
http://www.ncbi.nlm.nih.gov/pubmed/18045137
https://doi.org/10.1016/j.maturitas.2007.12.006
http://www.ncbi.nlm.nih.gov/pubmed/18280066
http://www.ncbi.nlm.nih.gov/pubmed/21449093
https://doi.org/10.1016/j.maturitas.2008.02.008
http://www.ncbi.nlm.nih.gov/pubmed/18407440
https://doi.org/10.1016/j.maturitas.2010.04.015
https://doi.org/10.1016/j.maturitas.2010.04.015
http://www.ncbi.nlm.nih.gov/pubmed/20494530
https://doi.org/10.1186/s12877-015-0103-3
http://www.ncbi.nlm.nih.gov/pubmed/26346644
https://doi.org/10.1016/j.ncl.2007.03.008
http://www.ncbi.nlm.nih.gov/pubmed/17659182
http://www.ncbi.nlm.nih.gov/pubmed/8954307
http://www.ncbi.nlm.nih.gov/pubmed/16443885
https://doi.org/10.7326/M14-2525
http://www.ncbi.nlm.nih.gov/pubmed/26551006
https://doi.org/10.1016/j.yfrne.2016.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26774208
https://doi.org/10.1371/journal.pone.0186205


30. Straub RH. The complex role of estrogens in inflammation. Endocr Rev. 2007 Aug; 28(5):521–74.

Review https://doi.org/10.1210/er.2007-0001 PMID: 17640948

31. Ohashi K, Yuasa D, Shibata R, Murohara T, Ouchi N. Adiponectin as a Target in Obesity-related Inflam-

matory State. Endocr Metab Immune Disord Drug Targets. 2015; 15(2):145–50 PMID: 25772181

32. Fry M, Smith PM, Hoyd TD, Duncan M, Ahima RS, Sharkey KA, et al. Area postrema neurons are mod-

ulated by the adipocyte hormone adiponectin. J Neurosci 2006; 26: 9695–9702. https://doi.org/10.

1523/JNEUROSCI.2014-06.2006 PMID: 16988040

33. Chan KH, Lam KS, Cheng OY, Kwan JS, Ho PW, Cheng KK, et al. Adiponectin is protective against oxi-

dative stress induced cytotoxicity in amyloid-beta neurotoxicity. PLoS One 2012; 7: e52354. https://doi.

org/10.1371/journal.pone.0052354 PMID: 23300647

34. Wan Z, Mah D, Simtchouk S, Klegeris A, Little JP. Globular adiponectin induces a pro-inflammatory

response in human astrocytic cells. Biochem Biophys Res Commun 2014.

35. Yogev G, Hausdorff JM, Nir Giladi N. The Role of Executive Function and Attention in Gait. Mov Disord.

2008 February 15; 23(3): 329–472 https://doi.org/10.1002/mds.21720 PMID: 18058946

36. Lawson RA, Yarnall AJ, Duncan GW, Breen DP, Khoo TK, Williams-Gray CH, Barker RA, Collerton D,

Taylor JP, Burn DJ, On behalf of the ICICLE-PD study group. Cognitive decline and quality of life in inci-

dent Parkinson’s disease: The role of attention. Parkinsonism and Related Disorders (2016) 1–7

37. Fisman EZ, Tenenbaum A. Adiponectin: a manifold therapeutic target for metabolic syndrome, diabe-

tes, and coronary disease? Cardiovasc Diabetol. 2014 Jun 23; 13:103. https://doi.org/10.1186/1475-

2840-13-103 PMID: 24957699

Adiponectin and cognitive performance in post menopausal women

PLOS ONE | https://doi.org/10.1371/journal.pone.0186205 December 21, 2017 10 / 10

https://doi.org/10.1210/er.2007-0001
http://www.ncbi.nlm.nih.gov/pubmed/17640948
http://www.ncbi.nlm.nih.gov/pubmed/25772181
https://doi.org/10.1523/JNEUROSCI.2014-06.2006
https://doi.org/10.1523/JNEUROSCI.2014-06.2006
http://www.ncbi.nlm.nih.gov/pubmed/16988040
https://doi.org/10.1371/journal.pone.0052354
https://doi.org/10.1371/journal.pone.0052354
http://www.ncbi.nlm.nih.gov/pubmed/23300647
https://doi.org/10.1002/mds.21720
http://www.ncbi.nlm.nih.gov/pubmed/18058946
https://doi.org/10.1186/1475-2840-13-103
https://doi.org/10.1186/1475-2840-13-103
http://www.ncbi.nlm.nih.gov/pubmed/24957699
https://doi.org/10.1371/journal.pone.0186205

