
Heliyon 8 (2022) e11738
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Decreased resistin plasmatic concentrations in patients with Alzheimer's
disease: A case-control study

Andrea Marcinn�o *, Erica Gallo, Fausto Roveta, Silvia Boschi, Alberto Grassini,
Innocenzo Rainero 1, Elisa Rubino 1

Department of Neurosciences “Rita Levi Montalcini”, University of Torino, Italy
H I G H L I G H T S

� Adipose tissue has an endocrine function, releasing polypeptide hormones, the adipokines.
� Impairment of adipokines circulating levels has been shown in neurodegenerative dementias.
� We found lower resistin levels in Alzheimer's disease patients compared to control group.
� Resistin plasmatic levels correlated with liquoral amyloid β1-42 concentrations in dementia patients.
� Resistin could interact with amyloid β1-42 secretion and have a role in Alzheimer's disease pathogenesis.
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A B S T R A C T

Previous studies suggested a role for adipokines in ageing and in several age-related diseases. The purpose of our
study was to further elucidate adipokines involvement in neurodegeneration, investigating adiponectin, leptin
and resistin in Alzheimer's disease (AD) and Frontotemporal Dementia (FTD). We enrolled for the study 70
subjects: 26 AD, 21 FTD, and 23 with other neurological (but not neurodegenerative) conditions (CTR, control
group). According to a standardized protocol, we measured adipokines plasmatic levels, blood parameters of
glucidic and lipidic metabolism, ESR, cerebrospinal fluid (CSF) markers of neurodegeneration (beta-amyloid,
total-Tau, phosphorylated-Tau) and anthropometric parameters. In comparison with control group, we found
lower resistin concentrations in patients with dementia, and in particular in AD (p < 0.001). In multivariate
analysis, AD relative risk was reduced by resistin, when controlling for sex, age and anthropometric/metabolic
parameters (RR ¼ 0.71, P < 0.0001). Considering CSF biomarkers, we found a direct correlation between resistin
and Aβ1-42 CSF concentration in patients (p < 0.001, r ¼ 0.50). Lower resistin characterized AD patients in our
study and AD, but not FTD, diagnosis risk was found to be inversely associated with resistin when controlling for
confounders. We hypothesize that resistin-linked metabolic profile has to be reconsidered and further investigated
in AD.
1. Introduction

Alzheimer's Disease (AD) and Frontotemporal Dementia (FTD) are
frequent causes of cognitive decline, determining an enormous social
burden in Western Societies [1]. Great scientific and economical efforts
have been made in the last years towards the identification of more ac-
curate and predictive biomarkers of neurodegeneration.

The pathogenic mechanisms underlying AD and FTD are still under
investigation. Multiple, common processes are involved in both diseases,
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including protein misfolding, neuroinflammation, and impaired auto-
phagy. In addition, in AD several studies showed a complex association
between the disease and insulin resistance.

Adipose tissue has been historically considered only as a deposit of
energy. Adipose tissue is now known to be an endocrine and secretory
organ producing and releasing a variety of proinflammatory and anti-
inflammatory factors, the so called adipocytokines or adipokines [2].
Although over 50 adipokines have been identified, the most well-known
adipokines include adiponectin, leptin, resistin, visfatin, vaspin, and
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chemerin [3]. Adipokines play an important role in several physiological
functions, including vascular tone, inflammation, weight, immune
response, endothelial function, and insulin resistance [4].

Recent studies showed that adipokines could be involved in the
pathogenesis of Alzheimer's disease and other types of dementia [5, 6].
Preliminary studies investigating the association between adipokines and
AD found increased serum adiponectin levels [7, 8]. Contrariwise,
further studies evaluating adiponectin concentrations have been incon-
clusive, showing no differences between patients with mild cognitive
impairment (MCI), AD, or Vascular Dementia (VaD), and controls [9, 10,
11]. Some case–control studies showed reduced levels of circulating
leptin in patients with AD [12, 13], but additional studies did not find any
differences between AD and controls [9, 14]. Very recently, preliminary
studies suggested an involvement of resistin in patients with AD, and in
patients with FTD due to mutation of the progranulin gene [15].

Therefore, the aims of this study were to evaluate plasma concen-
trations of adiponectin, leptin, and resistin in patients with neurode-
generative disorders like AD and FTD, and to correlate the concentrations
of these peptides with metabolic and insulin resistance parameters and
CSF biomarkers of neurodegeneration.

2. Materials and methods

We examined a total of 70 subjects evaluated at the Department of
Neuroscience and Mental Health of University Hospital “Citt�a della
Salute e della Scienza” of Torino.

Approval for this study was obtained from “Comitato Etico Inter-
aziendale A.O.U. Citt�a della Salute e della Scienza di Torino–A.O. Ordine
Mauriziano–A.S.L. Citt�a di Torino”.

Twenty-six patients with probable AD (male/female 10/16, mean age
�standard deviation 68.19 � 8.46 years) and twenty-one patients with
probable behavioral variant FTD were enrolled (male/female 10/11,
mean age � standard deviation 69.05 � 7.37 years). Diagnosis of prob-
able AD has been made according to NIA-AA (National Institute of
Aging–Alzheimer Association) criteria [16]. Diagnosis of probable FTD
has been made according to Rascovsky Criteria [17].

As a control group, CSF of 23 cognitive-spared patients (male/female
10/13, mean age � standard deviation 63 � 9.31 years) with other
neurological (not neurodegenerative nor inflammatory) conditions was
analyzed.

Comorbidities, information about neurodegenerative diseases in
family members and onset symptoms were investigated, as well as
neurological and neuropsychological examination.

All subjects involved in the study were of Caucasian origin. The de-
mographic and clinical characteristics are summarized in Table 1.

Fasting plasmatic levels of total adiponectin, resistin, and leptin were
analyzed using commercially available enzyme linked immunosorbent
assay (ELISA) kits (Biovendor, Oxfordshire, UK). To quantify the adipo-
nectin levels, the kit used had a limit of detection of 26 ng/ml, an
interassay coefficient of variation (CV) of 6.7% and an intra-assay CV of
4.9%. The kit to measure leptin concentrations showed a limit of detec-
tion of 0.2 ng/ml, an interassay CV of 5.6% and an intra-assay CV of
5.9%, whereas the kit for resistin had a limit of detection of 0.012 ng/ml,
an interassay CV of 7.6% and an intra-assay CV of 5.9%.

L/A ratio was calculated for each subject and the descriptive statistics
was resumed in Table 2 for each study group.
Table 1. Demographic data and clinical characteristics of patients with dementia and
FDR correction for multiple comparisons.

AD FTD CONTROLS

Subjects 26 21 23

Sex (F/M) 16/10 11/10 13/10

Age (Years) 68.19 � 8.45 69.05 � 7.37 63.00 � 9.31

BMI 24.18 � 3.64 25.44 � 3.81 23.78 � 2.69

2

Blood levels of fasting serum metabolite concentrations (glucose,
insulin, total cholesterol, HDL-C, and triglycerides) and ERS were also
measured using standard laboratory protocols (Table 2). Low-density
lipoprotein-cholesterol (LDL-C) was estimated by Friedewald equation.
The index of insulin sensitivity Homeostatic Model Assessment for In-
sulin Resistance (HOMA-IR) was calculated as follows: HOMA-IR (Fast-
ing serum insulin (mIU/L) � Fasting blood glucose (mmol/L))/22.5.

All patients underwent lumbar puncture with measurement of CSF
levels of Aβ1-42, total tau, and phosphorylated tau, and these were eval-
uated by ELISA method with Innotest Kits (Fujirebio).
2.1. Statistical methods

D'Agostino-Pearson's test was used to assess normality of included
variables. Quantitative variables were described as mean and standard
deviation while categorical ones as count. Means were compared through
Student's t-test or Mann-Whitney test depending on variables distribu-
tion. ANOVA or Kruskal-Wallis tests were used to compare at the same
time variables derived from all three studied groups (CTR, AD and FTD).
To correct p values obtained from multiple comparisons between groups,
we used Benjamini and Hochberg method. We considered acceptable a
false discovery rate (FDR)< 0.05. Quantitative variables were correlated
through Pearson or Spearman correlation as opportune. Multivariate
generalized linear models (GLMs) were performed to estimate the
quantitative relationship between adipokines plasma concentration and
other variables. Diagnosis (AD and FTD vs CTR) as outcome variable was
studied through multinomial logistic regression considering adipokines
levels as predictors and controlling for other variables. Preliminar check
for multicollinearity was carried out before running multivariate models.
All analyses were run with R software (www.r-project.org). The level of
statistical significance was defined at p < 0.05.

3. Results

3.1. Clinical and biochemical characteristics of the study groups

No difference in sex, anthropometric and metabolic parameters and
erythrocyte sedimentation rate (ERS) were found between cases and
controls (Table 1 and Table 2). Control subjects were younger than pa-
tients (Table 1). As expected, Amyloid β1-42 (Aβ1-42) CSF concentrations
were significantly lower in AD group in respect to FTD patients (Table 2).

Concerning gender differences, serum high-density lipoprotein
cholesterol (HDL-C) concentrations were higher in females, as expected,
together with total cholesterol levels, while there was no difference in
mean body mass index (BMI, data not shown). In the overall population,
we found higher leptin and adiponectin plasmatic concentrations in fe-
males when compared to males (p < 0.0001 and p ¼ 0.02, respectively),
concordantly with previous evidences [18].
3.2. Adipokines plasmatic concentrations in patients and controls

3.2.1. Adiponectin
Crude total adiponectin levels were not different among patients with

AD and FTD in comparison with controls, also after adjusting for sex, age,
BMI, HOMA-IR, and other adipokines (Table 2).
controls. P values <0.05 are in bold. P values in parentheses were obtained after

p value patients
vs controls

p value AD
vs controls

p value FTD
vs controls

p value
AD vs FTD

_ _ _ _

1.00 0.78 1.00 0.57

<0.01 (0.20) 0.03 (0.30) 0.02 (0.30) 0.71

0.27 0.66 0.10 0.27
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Table 2. Biochemical parameters of patients with dementia and controls. Values are expressed as mean� standard deviation (SD). P values<0.05 are in bold. P values in
parentheses were obtained after adjusting for sex, age, BMI, HOMA-IR, and other adipokines. NA: not available. P values in square brackets were obtained after FDR
correction for multiple comparisons.

AD FTD CONTROLS p value patients
vs controls

p value AD
vs controls

p value FTD
vs controls

p value
AD vs FTD

Total cholesterol (mg/dL) 203.72 � 45.42 188.89 � 32.89 217.38 � 37.55 0.22 0.42 0.03 [0.30] 0.15

HDL-cholesterol (mg/dL) 65.45 � 19.14 60.85 � 14.33 63.54 � 22.57 0.93 0.86 0.72 0.53

Triglycerides (mg/dL) 104.88 � 47.80 98.11 � 54.97 125.15 � 100.24 0.55 0.78 0.40 0.49

Fasting Insulin (microU/mL) 7.05 � 11.38 4.09 � 3.35 4.09 � 3.19 0.40 0.41 0.55 0.93

Fasting Glucose (mg/dL) 88.46 � 11.58 92.05 � 8.67 91.87 � 11.53 0.72 0.38 0.71 0.14

HOMA-IR 1.77 � 3.49 0.91 � 0.88 0.97 � 0.81 0.84 0.98 0.73 0.90

ESR (mm/h) 15.05 � 17.21 8.94 � 7.81 9.42 � 8.24 0.67 0.41 0.85 0.22

Adiponectin (μg/mL) 14.34 � 13.53 9.69 � 7.01 10.19 � 7.38 0.73 (0.33) 0.44 (0.17) 0.81 (0.86) 0.34 (0.42)

Leptin (ng/mL) 18.07 � 17.52 16.12 � 16.60 14.10 � 10.96 0.36 (0.36) 0.70 (0.19) 0.91 (0.87) 0.72 (0.26)

Leptin/Adiponectin ratio 2.57 � 3.31 2.64 � 3.76 2.63 � 4.19 0.68 (0.41) 0.61 (0.28) 0.87 (0.78) 0.66 (0.35)

Resistin (ng/mL) 10.21 � 4.66 14.10 � 8.40 13.58 � 4.82 0.04 [0.34] (0.04) <0.001 [0.03] (<0.01) 0.38 (0.47) 0.13 (0.31)

Aβ1-42 (pg/mL) 402.38 � 128.10 836.56 � 305.7 NA NA NA NA <0.0001 [0.006]

T-tau (pg/mL) 223.98 � 194.90 135.06 � 104.15 NA NA NA NA 0.21

P-tau (pg/mL) 64.93 � 48.74 57.10 � 54.90 NA NA NA NA 0.36

Figure 1. Resistin plasmatic concentrations in study groups. Box plot represents
median, interquartile range and range (maximum–minimum) of resistin plas-
matic concentration (ng/mL) of patients with AD, patients with FTD, and con-
trols (CTR). ** (p < 0.01).
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3.2.2. Leptin
No significant difference in leptin concentrations was found between

overall cases and controls, also after adjusting for confounding variables
(sex, age, BMI, HOMA-IR, and other adipokines). In the subgroup anal-
ysis, after correction for confounding variables (as above), leptin levels
were found to be significantly increased in female patients with Alz-
heimer's disease in respect to female controls (p ¼ 0.033, data not
shown). No significant difference was found when AD vs FTD patients
were compared (Table 2).

3.2.3. Leptin to adiponectin ratio (L/A ratio)
Leptin to adiponectin ratio was not significantly different between

study groups, also after adjusting for sex, age, BMI, HOMA-IR and resistin
(Table 2).

3.2.4. Resistin
Resistin concentrations were found to be significantly different be-

tween study groups (p ¼ 0.033). In particular, plasmatic values were
lower in AD group than in control group (10.21� 4.66 ng/mL vs 13.58�
4.82 ng/mL, p < 0.01), also after adjusting for sex, age, BMI, HOMA-IR,
and other adipokines (Table 2). No significant differences were found
when comparing FTD patients to AD patients and controls (Figure 1).

3.3. Correlations of adipokines with metabolic parameters in patients with
dementia and controls

3.3.1. Adiponectin
In FTD patients, the adiponectin levels were negatively associated

with fasting glucose (r ¼ �0.54, p ¼ 0.014). No further correlations
between adiponectin levels and the other biochemical parameters were
found.

3.3.2. Leptin
Considering all study groups, leptin directly correlated with HOMA-

IR (p < 0.01, r ¼ 0.31). As regards dementia patients, in AD we found
a positive correlation between leptin and triglycerides (r ¼ 0.518, p ¼
0.008). In FTD patients, a positive correlation between leptin and insulin
(r¼ 0.506, p¼ 0.023), and between leptin and HOMA-IR (r¼ 0.524, p¼
0.015) were found.

3.3.3. Leptin to adiponectin ratio
In the overall population, L/A ratio showed a direct correlation

with triglycerides (p < 0.01, r ¼ 0.34). As regards AD patients, L/A
ratio directly correlated with BMI (p < 0.001, r ¼ 0.62). Stronger
3

correlations were found in FTD group with triglycerides, fasting insulin
and HOMA-IR (p < 0.0001 and r > 0.8 in all three correlations).
Moreover, L/A ratio correlated also with resistin in FTD group (p ¼
0.001, r ¼ 0.65).

3.3.4. Resistin
As expected, resistin values correlated with indicators of overweight

and obesity, i.e. body weight and BMI in all subjects included in our study
(p < 0.01 and p ¼ 0.01 respectively, r ¼ 0.31 in both correlations). This
relationship was even stronger in AD group (p < 0.001, r ¼ 0.7 for both
weight and BMI), while it was absent when considering FTD patients.
Nonetheless, in this latter group, the resistin levels correlated with
glucose (r ¼ 0.522, p ¼ 0.018), insulin (r ¼ 0.522, p ¼ 0.018), and
HOMAIR (r ¼ 0.563, p ¼ 0.008).

3.4. Correlations between adipokines and CSF neurodegeneration
biomarkers

There was a significant correlation between resistin and Aβ1-42 in
demented patients (p < 0.001, r ¼ 0.50) (Figure 2). A similar result was
found in the FTD group both concerning leptin and resistin in correlation



Figure 2. Resistin values correlate with Aβ1-42 CSF concentrations in AD and
FTD patients. Scatter plot represents the correlation between resistin plasmatic
and Aβ1-42 CSF concentrations in patients (AD and FTD). The graphed line ap-
proximates the corresponding regression line (slope coefficient �standard de-
viation: 23.0 � 5.90).
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with Aβ1-42 (p ¼ 0.02 and r ¼ 0.51; p < 0.01 and r ¼ 0.57 respectively).
L/A ratio showed a weak correlation with Aβ1-42 CSF concentrations in
overall patients (p ¼ 0.049, r ¼ 0.29).
3.5. Multivariate analysis

To gain further insights into adipokines role in this context, we per-
formed a multivariate analysis primarily aimed to control for various
potential confounders (adipokines-correlated factors such as gender, BMI
and insulin resistance parameters as shown above).

Using this approach, we did not find any significant association be-
tween adipokines and diagnostic factors (neither AD nor FTD or both
considered together) when controlling for sex, age, anthropometric/
metabolic parameters (BMI, HDL-C, LDL-C, ESR, HOMA-IR), CSF markers
(T-tau and Aβ1-42), and other adipokines. Other associations resulted
significant as follows.

3.5.1. Adiponectin
Male gender was found to be an independent predictor of lower

adiponectin values (p ¼ 0.02), confirming gender difference shown by
univariate approach. There was a significant inverse association with T-
tau CSF levels (p ¼ 0.01).

3.5.2. Leptin
We confirmed leptin values dependence from gender (negative as-

sociation with male gender, p ¼ 0.01), and positive association with
HOMA-IR (p ¼ 0.002).

3.5.3. Leptin to adiponectin ratio
L/A ratio was directly associated with age (p ¼ 0.01), while inverse

associations were found with HDL (p ¼ 0.04) and ESR (p ¼ 0.02).

3.5.4. Resistin
As regards resistin, while the diagnostic factor did not emerge as an

independent explanatory variable, the only significant predictor (p ¼
0.01) was Aβ1-42 CSF concentration (0.012 estimated coefficient) con-
trolling for all other above cited variables. Moreover, using multinomial
logistic regression, adipokines levels were studied as predictors of de-
mentia diagnosis (AD or FTD) compared to CTR as the reference group,
controlling for sex, age and anthropometric/metabolic parameters (BMI,
HDL-C, LDL-C, ESR, HOMA-IR). Using this approach, we estimated that
the risk for AD was reduced by increased resistin (RR ratio 0.71, p <

0.0001), controlling for all other variables.
4

4. Discussion

Our study investigated the involvement of several adipokines in pa-
tients with Alzheimer's disease and Frontemporal dementia and provided
some interesting findings. We found that plasmatic concentrations of
resistin were significantly reduced in patients with Alzheimer's disease. A
significant correlation between plasmatic resistin concentrations and CSF
beta-amyloid was found in AD patients. Taken together, our data suggest
a role for resistin in AD pathogenic mechanisms.

The results of our study are not in accord with the study of Kizi-
larslano�glu et al, showing increased plasmatic resistin concentrations in
AD [19]. A further study did not show any differences in resistin serum
concentrations in AD patients in respect to controls but found increased
resistin levels in dementia with vascular changes [20]. Several factors,
like the different diagnostic criteria, the lack of controlling for known
confounding variables such as BMI and insulin resistance parameters and
the absence of CSF biomarkers, may explain the discrepancies between
the two studies. Our data, on the contrary, confirm the relationship be-
tween CSF Aβ1-42 and resistin, suggesting that the concentrations of the
two peptides covary both in the central nervous system and in the
plasma. A previous work described a direct strong correlation between
resistin and Aβ1-42 CSF values in a large Alzheimer's disease cohort [21].
Furthermore, we confirm relationship between different adipokines and
the measures of insulin resistance.

Resistin is a small secreted protein playing a pivotal role in various
metabolic, inflammatory, and autoimmune diseases, and it is mainly
secreted by adipose tissue macrophages [22]. The resistin gene is located
at 19p13.3, near the insulin receptor gene, and encodes a 12.5 kDa (108
amino acids) cysteine-rich polypeptide. The mechanisms by which
resistin exerts its biological effects in humans are only partially under-
stood. A link between the peptide and the adenylyl cyclase associated
protein 1 (CAP1) as well as Toll-like receptor 4 (TLR-4) was suggested
[23, 24]. Several intracellular signaling cascades are triggered by resistin:
NF-kB signaling via activation of PI3K/AKT [25], the adenylate cyclase,
cAMP, protein kinase A cascade, and the MAP kinase system [26]. Within
the CNS, resistin production was observed in the hypothalamus, where
resistin appears to modulate feeding behavior and energy intake [27],
and inhibits the release of hypothalamic neuropeptides [28].

Different mechanisms may explain the involvement of resistin in AD
pathogenesis. Inflammation is considered to play an important role in the
disease, involving several pro-inflammatory and anti-inflammatory me-
diators [19, 29]. Previous findings has suggested that resistin may exert
several pro-inflammatory properties, promoting the secretion of tumor
necrosis factor (TNF)-α and interleukin (IL)-1β, -6, -8, and -12, and the
generation of reactive oxygen species (ROS) [30]. An alternative expla-
nation is related to insulin metabolism. Resistin counteracts the effects of
insulin, decreasing glucose intake in adipocytes, muscle cells, and other
tissues. Several studies have shown that insulin signaling is impaired in
AD brains due to insulin resistance, ultimately resulting in the formation
of neurofibrillary tangles (NFTs) [31]. Reduced resistin concentrations
may further impair glucose metabolism in AD patients. Studies in
experimental animals have shown that resistin clearly reduces glucose
uptake, glycolytic rate, and ATP production in the hippocampus, a key
region in AD pathogenesis [32]. In addition, resistin regulates hypotha-
lamic functioning through insulin signaling modulation [24]. In partic-
ular, it modulates the phosphorylation (i.e. activation) of a key regulator
of this pathway, AKT. At the same time, AKT hyperphosphorylation was
found to be correlated with ex vivo brain amyloid burden and to a
reduced cognitive function [33]. This finding seems to be coherent with
the observation of a crosstalk between insulin CNS signaling and
beta-secretase activity in beta-amyloid deposition [34]. Thus, resistin
could exert an effect on central insulin resistance and collaterally on
amyloid pathology by interfering with the same intracellular signaling
pathway. Moreover, brain insulin sensitivity is linked to a reduced
visceral fat accumulation and, in fact, to reduced resistin secretion. As a
consequence, lower circulating resistin levels in AD patients could
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autogenerate a metabolic peripheral-central loop characterized by high
central insulin sensitivity and low peripheral fat accumulation [35]. The
central node of this loop is sustained by the same AKT hyper-
phosphorylation which could be linked to increased amyloid neuropa-
thology. Finally, resistin can also lead to mitochondrial dysfunction.
Physiologically, resistin stimulates mitochondrial metabolism, and a
reduction in resistin signaling may alter mitochondrial transmembrane
potentials, leading to irreversible mitochondrial damage.

In our study we found also that plasmatic leptin concentrations
positively correlated with HOMA-IR, confirming a relationship with in-
sulin resistance as previously described [36]. In particular, in our FTD
patients, positive correlations between leptin and insulin, and between
leptin and HOMA-IR were found, suggesting a condition of leptin resis-
tance in this disease.

In conclusion, our study provides additional data concerning an
involvement of resistin signaling in patients with Alzheimer's disease.
Additional studies are needed in order to better elucidate the precise
mechanisms related to resistin signaling impairment in the disease.
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