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Abstract:  

Background: There is clear association between type 2 diabetes (T2D) and cognitive decline. Retinal microperimetry 
is a useful tool for detecting cognitive impairment in T2D. Morbid obesity (MO) has been associated with cognitive 
impairment. Insulin resistance (IR) seems a major determinant, but the data are unclear. The aim of this study was to 
evaluate the cognitive impairment in MO as well as the utility of retinal microperimetry in identifying these alterations. 
Methods: In total, 50 consecutive patients with MO were matched by age and gender with 30 healthy controls. All 
patients underwent cognitive evaluation (Montreal Cognitive Assessment Test-MoCA) and retinal microperimetry, 
using MAIA microperimeter 3rd generation. Retinal sensitivity and gaze fixation parameters were used for the 
evaluation of the analysis. Results: MO patients showed a significantly lower neurocognitive performance than the 
controls: MoCA score 24.94 2.74 vs. 28.95 1.05, p < 0.001. Cognitive function inversely correlated with the HOMA-IR 
(r = 0.402, p = 0.007). The AUROC for cognitive impairment using microperimetry was 0.807, CI 95% (0.592–0.947), 
p = 0.017. Conclusions: (1) Systemic insulin resistance is a major underlying mechanism accounting for the higher 
prevalence of cognitive impairment detected in young MO subjects. (2) Retinal microperimetry is a useful tool for 
identifying MO patients with cognitive impairment. 
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Introduction 

 
Obesity represents a major public health problem and is associated with significant economic burden in the 

health systems of developed countries. This is mainly due to associated co-morbidities, type 2 diabetes (T2D) being 
the most important. At present, there is a clear relationship between type 2 diabetes and dementia [1,2]. Furthermore, 
T2D acts as an accelerator for cognitive decline [3] and shares with Alzheimer’s disease (AD) common 
pathophysiological pathways, such as inflammation, oxidative stress, and insulin resistance (IR) [4,5]. 

 
T2D has been associated with lower grey matter volumes and white matter disruption [6,7], as well as with 

impairment of perceptual speed, attention, and primary memory [8]. At present, there are no reported phenotypic 
indicators or reliable cost-e ective screening tests for identifying T2D patients with cognitive impairment. Moreover, the 
diagnosis is based on neuropsychological tests whose complexity makes their incorporation into current standards of 
care for the T2D population unfeasible. 

 
Recent evidence has shown that retinal neurodegeneration is an early event in the pathogenesis of diabetic 

retinopathy (DR) [9,10]. The retina is ontogenically a brain-derived tissue, and it has been suggested that it may 
provide an easily accessible and noninvasive way of examining the pathology of the brain [11,12]. Therefore, it seems 
reasonable to propose that the evaluation of retinal parameters related to neurodegeneration, such as retinal function, 
could be useful for identifying those patients with type 2 diabetes who have a high risk of developing AD. Several 
methods can be used to measure retinal function. Among them, fundus-driven microperimetry has emerged as a 
simple, noninvasive, and rapid test that can be used in clinical practice [13,14]. Microperimetry measures retinal 
sensitivity in terms of the minimum light intensity that patients can perceive when spots of light stimulate specific areas 
of the retina. Some recent studies have suggested that microperimetry is even more sensitive than multifocal 
electroretinography in detecting early functional changes of the retina [15]. Our group showed that retinal sensitivity 
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assessed by fundus-driven microperimetry was related to brain neurodegeneration and could be a useful biomarker 
for identifying those patients at risk of developing AD [16]. Additionally, gaze fixation parameters evaluated during 
microperimetry improved the predictive value of retinal sensitivity in identifying cognitive impairment in subjects with 
T2D [17]. 

 
Obese patients with metabolic syndrome without hyperglycemia are more prone to showing global cognitive 

decline [18,19]. More recently, it has been demonstrated that cognitive decline even occurs at younger age, with the 
executive function and the perceptual speed related to visuospatial task being especially altered [20,21]. Several 
studies showed small brain volumes and white matter disruption in obese patients in comparison with normo-weighted 
counterparts [22–24]. Furthermore, similar brain structure findings related to AD (example cortical glyosis, 
hyppocampal atrophy, beta-amyloid deposits) were found in obese murine models [25,26]. Since similar alterations in 
brain structures are found in both T2D and obesity, it can be postulated that IR is a major underlying mechanism of the 
increased prevalence of AD reported in these populations. However, further clinical and basic research to support this 
concept is needed. 

 
The aim of the present study was to explore, by means of a pilot study, whether retinal sensitivity and gaze 

fixation assessed by microperimery could be useful for identifying obese patients with cognitive impairment and their 
relationship with IR. 

 
Material and Methods 

 
Between September 2018 and December 2018, a total of 50 consecutive patients who were attending the obesity 

outpatient clinic of Vall Hebron University Hospital for bariatric surgery (BS) evaluation were included in a case-control 
study as a part of the PREDIBAR trial- NCT 03784508. The inclusion criteria (cases) were: (a) Age between 18 and 
60 years; (b) fulfill the criteria for BS; (c) previous accomplishment of the preoperative protocol for BS at our site; (d) 
ability to read and understand the specific questionnaires; and (e) written informed consent form. The exclusion 
criteria were: (a) Any form of diagnosed cognitive impairment; and (b) neurodegenerative diseases of the brain or 
retina (i.e., glaucoma) or cerebrovascular diseases. The control group comprised healthy persons with normal weight 
matched by age. Most of them were family members of patients included in the study from the same catchment area. 

The study was approved by the local ethics committee and carried out in accordance with the Declaration of 
Helsinki. All patients underwent complete physical, biochemical, and psychiatric evaluations as part of the 
preoperative protocol for bariatric surgery at our site. Cognitive function was evaluated using the Spanish version of 
Minimental State Evaluation (MMSE) [27] and the Montreal Cognitive Assessment Test (MoCA) [28]. The MoCA test 
evaluates several domains of cognitive function: Visual spatial executive (5 points), naming (3 points), attention (6 
points), language (3 points), abstraction (2 points), delayed recall (5 points), and orientation (6 points). The required 
administration time is approximately 10 minutes. The maximum score is 30. The score was adjusted by age and 
education level (if the education level was <12 years, 1 point was added). We used a cut-o of 26 to define mild 
cognitive impairment as previously described [28]. 

Retinal sensitivity was evaluated by fundus-driven microperimetry MAIA 3rd generation after a previous pupillary 
dilation of a minimum of 4 mm. The standard MAIA test covers a 10-diameter area with 37 measurement points, and a 
red 1 radius circle was used as the fixation target. We employed an expert exam 4–2 strategy (Goldmann III size 
stimulus, background luminance of 4 asb, and maximum luminance of 1000 asb, with a 25 decibel (dB) dynamic 
range). For the evaluation of fixation, the MAIA microperimeter uses high-speed eye trackers (25 Hz) for the control of 
fixation losses and to register the fixation pattern. All fixation positions during the examination are used by the 
instrument to calculate the fixation indexes, P1 and P2, which represent the percentage of fixation points inside a 
circle of 2 and 4 degrees of diameter, respectively. Subjects were classified as having stable fixation if P1 was more 
than 75%, relatively unstable fixation if P1 was less than 75% and P2 more than 75%, and unstable fixation if both P1 
and P2 were below 75%. Microperimetry also provides a more accurate estimation of the fixation pattern using the 
bivariate contour ellipse area (BCEA). This area is calculated as an ellipse that covers fixation eye positions and takes 
into account 1 or 2 times the standard deviation, including 63% (BCEA63) and 95% (BCEA95) of the fixation points. 
The area of this ellipse is calculated through major and minor axes, which are 2 orthogonal diameters, describing the 
extent of the fixation points (horizontal and vertical diameters) [29]. For retinal sensibility and fixation, data 
corresponding to the right eye was used, which was the first eye explored in all subjects. 

 
Statistical Analysis 

To assess differences between groups, the Chi-square test for qualitative variables and ANOVA followed by DMS 
post-hoc tests for quantitative variables were used. To evaluate the correlations, Spearman’s correlation test and 
regression analysis were performed. Significance was accepted at the level of p < 0.05. The Bonferroni correction was 
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used for multiple comparisons. Logistic regression was used to predict the ROC curves and the Chi-squared test for 
ROC area comparison. Statistical analyses were performed with SPSS 24.0 statistical package. 

 
Results 

 
The baseline demographical and laboratory data as well as the neurocognitive and psychological evaluation of 

obese patients and healthy controls included in the study are shown in Table 1. It should be noted that as per the 
protocol requirements, we did not find any difference in age. 

We did not find di erences in the results of MMSE between obese and control subjects. By contrast, a significant 
difference in the global cognitive function evaluated by MoCA was observed (Table 1). The main cognitive domains 
affected in the obese group were the executive function, attention, and recent memory (delayed recall) (Table 2). 

Regarding microperimetry assessment, we found no significant di erences between the obese patients and 
controls in terms of retinal sensitivity. By contrast, we found significant di erences in all the parameters related to gaze 
fixation: P1, P2, BCEA63, and BCEA95 (Table 3).  
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Additionally, the BECA95 parameter was able to predict the cognitive status of the patients 

evaluated in the study by means of the MoCA test, showing an AUROC of 0.807 (CI 95% (0.592–

0.947), p = 0.017) (Figure 2). 
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Table 3. Microperimetry parameters between obese patients and control.  

 
 Microperimetry Parameters Obese Patients Controls p 
            

 N   50   
3
0   NA 

 Sensitivity (dB) 27.6 3.81 29.28  1.39 n.s. 

 Fixation P1 (%) 78.48 
 

26.16 97.18 
 

3.2 0.001  
J. Clin. Med. 2019, 8, x; doi: FOR PEER REVIEW 

90.31 
   www.mdpi.com/journal/jcm 

 Fixation P2 (%) 17.84 98.40 4.39 0.001  

 BCEA63 1.50  1.32 0.40   0.34 0.001  
 

Additionally, the BECA95 parameter was 
able to predict the cognitive status of the patients 

   

4.66 3.01 
 

2.01 0.021 
 

 BCEA95 8.33     

evaluated in the study by means of the MoCA 
test, showing an AUROC of 0.807 (CI 95% (0.592– 

  

11.75 95.45 
 

15.07 n.s.  Reliability index 93.52 

  0.947), p = 0.017) (Figure 2).          
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Figure 3. Correlation between MoCA score and HOMA-IR. MoCA: Montreal Congnitive Assessment  
test. HOMA-IR: Homeostatic model assessment for insulin-resistance.  

 
Finally, we found a significant correlation between BCEA95 and HOMA-IR (R = 0.411, β = 

0.470; p < 0.001) (Figure 4).p < 0.001) (Figure 4).  
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Figure 4. Correlation between BCEA95 and HOMA--IR.. BCEA95: 95% bivariate contour ellipseipse area..  
HOMA-IR: Homeostatic model assessment for insulin-resistance.. 

 
4. Discussion  
In this study, we found a significant reduction in the cognitive function in young morbidly obese In 
this study, we found a significant reduction in the cognitive function in young morbidly patients, 
when compared to their counterparts with normal weight, regardless of the presence of obese  
patients,  when  compared  to  their  counterparts  with  normal  weight,  regardless  of  the 
diabetes. In addition, we found that cognitive impairment assessed by the MoCA score adjusted by 
presence of diabetes. In addition, we found that cognitive impairment assessed by the MoCA score 
age correlated with the insulin resistance state evaluated by HOMA-IR. Furthermore, the 
assessment adjusted by age correlated with the insulin resistance state evaluated by HOMA-IR. 
Furthermore, of gaze fixation by microperimetry was significantly correlated to the MoCA score and 
the HOMA-IR. the assessment of gaze fixation by microperimetry was significantly correlated to the 
MoCA score 

 
Overall, our results suggest that IR could be a primary underlying mechanism accounting for both 
and the HOMA-IR. Overall, our results suggest that IR could be a primary underlying mechanism 
cognitive impairment related to obesity and gaze fixation abnormalities. 
accounting for both cognitive impairment related to obesity and gaze fixation abnormalities. 

For the cognitive function evaluation, we used the MMSE for screening and the MoCA test. 
 
The latter can be very useful for early detection of mild cognitive impairment and dementia [28] and 
found a significantly lower score in obese patients in comparison with controls. It should be noted 
and we found a significantly lower score in obese patients in comparison with controls noted that the 
MMSE score was within the normal range in all cases and no differences were found study in the 
MMSE score between cases and controls. This finding suggests that MMSE is not useful in our 
study in the MMSE score between cases and controls. This finding suggests that MMSE is not for 
detecting early cognitive impairment in young obese patients. Regarding the cognitive domains 
useful for detecting early cognitive impairment in young obese patients. Regarding the cognitive 
explored by MoCA, we found significant reductions in the obese patient group in the visual spatial 
domains explored by MoCA, we found significant reductions in the obese patient group in the 
executive function, attention, and delayed recall. These findings agree with recent data obtained in 
visual spatial executive function, attention, and delayed recall. These findings agree with recent 
obese children and younger adults [20,21]. Nevertheless, in these studies, IR was not considered in 
the data obtained in obese children and younger adults [20,21]. Nevertheless, in these studies, IR 
was analyses of the results. not considered in the analyses of the results. 
There are some previous studies suggesting systemic IR as a major determinant in the cognitive 
impairment in obesity. For instance, the Rotterdam study [29] showed that either the doubling of 
basal cognitive impairment in obesity. For instance, the Rotterdam study [29] showed that either the 
insulin levels or the presence of IR was associated with a 40% increased likelihood of converting to 
doubling  of  basal  insulin levels  or  the  presence  of  IR  was  associated  with  a  40%  increased 
AD at a 3-year follow-up. Additionally, Rasgon et al. [30] showed a negative correlation between IR 
likelihood of converting to AD at a 3-year follow-up. Additionally, Rasgon et al. [30] showed a and 
hippocampal volume cognitive performance in middle-age women. Other authors found that 
negative correlation between IR and hippocampal volume cognitive performance in middle -age 
higher fasting insulinemia was associated with less hippocampal and prefrontal gray matter in 
obese women. Other authors found that higher fasting insulinemia was associated with less 
hippocampal adolescents and young adults [31]. 

 
There is a clear relationship between T2D and cognitive impairment [3,4]. Clinical studies 

showed that T2D is associated with smaller brain volumes in grey matter [32]. These structural 
network abnormalities were related to the slowing of the information-processing speed [33]. 

There is a clear relationship between T2D and cognitive impairment [3,4]. Clinical studies 
showed that T2D is associated with smaller brain volumes in grey matter [32]. These structural 
network abnormalities were related to the slowing of the information-processing speed [33]. 
Interestingly, brain damage and white matter disruption have been reported in the IR stage without 
overt diabetes [34]. These structural abnormalities could be involved in early cognitive impairment, 
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in particular in perceptual speed, attention, and primary memory [34]. These studies were performed 
in middle-aged or older adults whereas we found similar results in terms of cognitive impairment in 
younger obese subjects. It should be noted that we did not observe di erences in the cognitive 
status between obese subjects with and without diabetes, but IR was an independent predictor of 
cognitive decline. Taken together, these findings strongly suggest that the pathways related to 
insulin signaling rather than blood glucose levels play a key role in the development of cognitive 
impairment in the natural history of diabetes. 

 
The impairment of insulin signaling (leading to insulin resistance) in the brain plays an essential 

role in the pathogenesis of dementia and precedes cognitive dysfunction and pathological 
alterations even by decades. Insulin signaling is essential for neuronal survival, as well as for 
learning and memorizing. In fact, in animal models, impaired insulin signaling precedes A 
accumulation [35,36]. Once formed, A oligomers deplete insulin receptors from the surface 
membrane of neurons, thereby contributing to insulin resistance [37], and produce an aberrant 
phosphorylation of insulin receptor substrate (IRS). This reduces the normal pro-survival signaling in 
neurons and promotes their death by apoptosis [38]. It should be noted that most of these studies 
focus on brain insulin resistance, rather than systemic IR. By contrast, in the present study, HOMA-
IR (a measurement of systemic IR) was independently associated with the MoCA score. This raises 
the question of whether insulin-sensitizer drugs could be useful in preventing or arresting cognitive 
decline. In this regard, Luchsinger et al. [39] showed a slight arrest in cognitive decline related to 
lowered fasting insulin levels in middle-aged (65 years) non-diabetic patients with obesity (BMI 31 
kg/m2) after 12 months of treatment with metformin. Additionally, Alosco et al. [40] showed a 
significant improvement in the cognitive function in young MO at 12 months follow-up after BS. 

 
Another interesting finding in our study was that the gaze fixation parameters (ex. BECA 95) 

were correlated with both the HOMA-IR and cognitive function. In fact, the AUROC of BCEA95 for 
identifying young morbidly patients with cognitive impairment was 0.807 (CI 95%: 0.592–0.947). We 
previously reported that retinal sensitivity evaluated by retinal microperimetry was able to identify 
T2D subjects with cognitive impairment [16]. It should be noted that in this previous study, the T2D 
patients with Alzheimer’s disease and with mild cognitive Impairment were not obese but were 
insulin resistant. The patients presented a BMI of 27.72 3.79 kg/m2 and 28.82 4.48 kg/m2, 
respectively. Furthermore, the predictive value in identifying those T2D subjects with mild cognitive 
impairment was significantly increased by adding fixation parameters to the retinal sensibility [17]. 
This finding could be attributed to the fact that the brain areas involved in retinal fixation are not the 
same as in retinal sensitivity. Therefore, the combined test (retinal sensitivity + gaze fixation) results 
in an improvement of the e ciency of microperimetry in detecting MCI due to the examination of di 
erent neural circuits. In this regard, retinal sensibility relies on the retina and the neural pathway of 
vision. The first station of the optic tract is the lateral geniculate body of the thalamus, which is a 
major visual processing region in the brain and plays a crucial role in relaying information from the 
retinal ganglion cells to the primary visual cortex [41]. By contrast, the superior colliculus and the 
parietal and frontal cortex play an essential role in gaze fixation. There is evidence that both the 
geniculate body and the superior colliculus are a ected by AD [42–44]. 

 
We have found that gaze fixation is impaired earlier than retinal sensitivity in obese patients. 

There are several reasons that could explain this finding, but perhaps the fact that gaze fixation 
depends on white matter complex connectivity networks, which are impaired earlier in subjects with 
IR, could be one of the most important [45,46]. 

To the best of our knowledge, this is the first study that provides a clinical link between 
systemic insulin resistance in obese subjects, cognitive impairment, and abnormal gaze fixation 
assessed by microperimetry. Our results suggest that retinal microperimetry could be a useful tool 
in identifying early cognitive impairment in MO patients. Further studies are needed to validate our 
results and also to evaluate the possible role of retinal microperimetry in monitoring the evolution of 
cognitive impairment and its relationship with IR after BS or pharmacological interventions. 

 
Author Contributions: Conceptualization A.C., A.M.O.-Z., R.S.; data curation, A.C., A.M.O.-Z., 
E.F., R.S.; methodology, A.C., A.M.O.-Z., O.S.-S., C.H., R.S.; formal analysis, A.C., A.M.O.-Z., O.S.-
S., C.H.; investigation, A.C., A.M.O.-Z., E.F., D.R., M.S., M.C., surgeons performing bariatric 
surgery O.G., R.V., resources, R.S.; writing—original draft preparation, A.C.; writing—review and 

American Journal of Surgical Sciences (AJSS)                                                                        Volume 16, 2026    Page 80



 

 
 

editing, A.C., A.M.O.-Z., C.H., R.S.; supervision, R.S.; project administration, A.C.; funding 
acquisition, A.C., R.S. 

 
Funding: This research was funded by Laboratorios Menarini. 

 
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the writing of the 
manuscript, or in the decision to publish the results. 

 

References 
 
1. Biessels, G.J.; Strachan, M.W.J.; Visseren, F.L.J.; Kappelle, L.J.; Whitmer, R.A. Dementia and 

cognitive decline in type 2 diabetes and prediabetic stages: Towards targeted interventions. 
Lancet Diabetes Endocrinol. 2014, 2, 246–255. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/24622755 (accessed on 1 October 2019). [CrossRef] 

2. Exalto, L.G.; Whitmer, R.A.; Kappele, L.J.; Biessels, G.J. An update on type 2 diabetes, 
vascular dementia and Alzheimer’s disease. Exp. Gerontol. 2012, 47, 858–864. [CrossRef] 

3. Ciudin, A.; Espinosa, A.; Simó-Servat, O.; Ruiz, A.; Alegret, M.; Hernández, C.; Boada, M.; 
Simo, R. Type 2 diabetes is an independent risk factor for dementia conversion in patients with 
mild cognitive impairment. J. Diabetes Complicat. 2017, 31, 1272–1274. [CrossRef] [PubMed] 

4. Simó, R.; Ciudin, A.; Simó-Servat, O.; Hernández, C. Cognitive impairment and dementia: A 
new emerging complication of type 2 diabetes—The diabetologist’s perspective. Acta Diabetol. 
2017. Available online: http://www.ncbi.nlm.nih.gov/pubmed/28210868 (accessed on 1 October 
2019). 

5. Biessels, G.J.; Reagan, L.P. Hippocampal insulin resistance and cognitive dysfunction. Nat. 
Rev. Neurosci. 2015, 16, 660–671. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/26462756 (accessed on 1 October 2019). 

6. Moran, C.; Beare, R.; Phan, T.; Srikanth, V. Brain, imaging in type 2 diabetes. In Type 2 
Diabetes and Dementia; Academic Press: Cambridge, MA, USA, 2019; Volume 92, pp. 823–
830. [CrossRef] 

7. Reijmer, Y.D.; Brundel, M.; de Bresser, J.; Kappelle, L.J.; Leemans, A.; Biessels, G.J. 
Microstructural white matter abnormalities and cognitive functioning in type 2 diabetes: A di 
usion tensor imaging study. Diabetes Care 2013, 36, 137–144. [CrossRef] [PubMed] 

8. Marseglia, A.; Fratiglioni, L.; Laukka, E.J.; Santoni, G.; Pedersen, N.L.; Bäckman, L.; Xu, W. 
Early cognitive deficits in type 2 diabetes: A population-based study. J. Alzheimer’s Dis. 2016, 
53, 1069–1078. [CrossRef] 

9. Simó, R.; Hernández, C. Novel approaches for treating diabetic retinopathy based on recent 
pathogenic evidence. Prog. Retin. Eye Res. 2015, 48, 160–180. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/ 25936649 (accessed on 1 October 2019). 

10. Simó, R.; Hernández, C.; European Consortium for the Early Treatment of Diabetic 
Retinopathy (EUROCONDOR). Neurodegeneration in the diabetic eye: New insights and 
therapeutic perspectives. Trends Endocrinol. Metab. 2014, 25, 23–33. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/24183659 (accessed on 1 October 2019). 

11. Cheung, C.Y.; Ikram, M.K.; Chen, C.; Wong, T.Y. Imaging retina to study dementia and stroke. 
Prog. Retin. Eye Res. 2017, 57, 89–107. [CrossRef] 

12. Liao, H.; Zhu, Z.; Peng, Y. Potential utility of retinal imaging for Alzheimer’s Disease: A review. 
Front. Aging Neurosci. 2018, 10, 188. [CrossRef] 

13. Acton, J.H.; Greenstein, V.C. Fundus-driven perimetry (microperimetry) compared to 
conventional static automated perimetry: Similarities, differences, and clinical applications. 
Can. J. Ophthalmol. 2013, 48, 358–363. [CrossRef] [PubMed] 

14. Rohrschneider, K.; Bültmann, S.; Springer, C. Use of fundus perimetry (microperimetry) to 
quantify macular sensitivity. Prog. Retin. Eye Res. 2008, 27, 536–548. [CrossRef] [PubMed] 

15. Wu, Z.; Ayton, L.N.; Guymer, R.H.; Luu, C.D. Comparison between multifocal 
electroretinography and microperimetry in age-related macular degeneration. Investig. 
Ophthalmol. Vis. Sci. 2014, 55, 6431–6439. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/25159206 (accessed on 1 October 2019). [CrossRef] 
[PubMed] 

16. Ciudin, A.; Simó-Servat, O.; Hernández, C.; Arcos, G.; Diego, S.; Sanabria, Á.; Sotolongo, Ó.; 
Hernández, I.; Boada, M.; Simó, R. Retinal microperimetry: A new tool for identifying patients 

American Journal of Surgical Sciences (AJSS)                                                                         Volume 16, 2026    Page 81

http://www.ncbi.nlm.nih.gov/pubmed/24622755
http://dx.doi.org/10.1016/S2213-8587(13)70088-3
http://dx.doi.org/10.1016/j.exger.2012.07.014
http://dx.doi.org/10.1016/j.jdiacomp.2017.04.018
http://www.ncbi.nlm.nih.gov/pubmed/28545893
http://www.ncbi.nlm.nih.gov/pubmed/28210868
http://www.ncbi.nlm.nih.gov/pubmed/26462756
http://dx.doi.org/10.1212/WNL.0000000000006955
http://dx.doi.org/10.2337/dc12-0493
http://www.ncbi.nlm.nih.gov/pubmed/22961577
http://dx.doi.org/10.3233/JAD-160266
http://www.ncbi.nlm.nih.gov/pubmed/25936649
http://www.ncbi.nlm.nih.gov/pubmed/25936649
http://www.ncbi.nlm.nih.gov/pubmed/24183659
http://dx.doi.org/10.1016/j.preteyeres.2017.01.001
http://dx.doi.org/10.3389/fnagi.2018.00188
http://dx.doi.org/10.1016/j.jcjo.2013.03.021
http://www.ncbi.nlm.nih.gov/pubmed/24093180
http://dx.doi.org/10.1016/j.preteyeres.2008.07.003
http://www.ncbi.nlm.nih.gov/pubmed/18723109
http://www.ncbi.nlm.nih.gov/pubmed/25159206
http://dx.doi.org/10.1167/iovs.14-14407
http://www.ncbi.nlm.nih.gov/pubmed/25159206


 

 
 

with type 2 diabetes at risk for developing Alzheimer disease. Diabetes 2017, 66, 3098–3104. 
[CrossRef] 

17. Simó-Servat, O.; Ciudin, A.; Ortiz-Zúñiga, Á.M.; Hernández, C.; Simó, R. Usefulness of eye 
fixation assessment for identifying type 2 diabetic subjects at risk of dementia. J. Clin. Med. 
2019, 8, 59. [CrossRef] 

18. Profenno, L.A.; Porsteinsson, A.P.; Faraone, S.V. Meta-analysis of Alzheimer’s disease risk 
with obesity, diabetes, and related disorders. Biol. Psychiatry 2010, 67, 505–512. [CrossRef] 

19. Feng, L.; Chong, M.S.; Lim, W.S.; Lee, T.S.; Collinson, S.L.; Yap, P.; Ng, T.P. Metabolic 
syndrome and amnestic mild cognitive impairment: Singapore Longitudinal Ageing Study-2 
findings. J. Alzheimer’s Dis. 2013, 34, 649–657. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/23246920 (accessed on 1 October 2019). [CrossRef] 

20. Tsai, C.L.; Huang, T.H.; Tsai, M.C. Neurocognitive performances of visuospatial attention and 
the correlations with metabolic and inflammatory biomarkers in adults with obesity. Exp. 
Physiol. 2017, 102, 1683–1699. [CrossRef] 

21. Tsai, C.L.; Chen, F.C.; Pan, C.Y.; Tseng, Y.T. The neurocognitive performance of visuospatial 
attention in children with obesity. Front. Psychol. 2016, 7, 1033. [CrossRef] 

22. Ho, A.J.; Raji, C.A.; Becker, J.T.; Lopez, O.L.; Kuller, L.H.; Hua, X.; Lee, S.; Hibar, D.; Dinov, 
I.D.; Stein, J.L.; et al. Obesity is linked with lower brain volume in 700 AD and MCI patients. 
Neurobiol. Aging 2010, 31, 1326–1339. [CrossRef] 

23. Yokum, S.; Ng, J.; Stice, E. Relation of regional gray and white matter volumes to current BMI 
and future increases in BMI: A prospective MRI study. Int. J. Obes. 2012, 6, 656–664. 
[CrossRef] [PubMed] 

24. Dekkers, I.A.; Jansen, P.R.; Lamb, H.J. Obesity, brain volume, and white matter microstructure 
at MRI: A cross-sectional UK biobank study. Radiology 2019, 292, 270. [CrossRef] [PubMed] 

25. Chunchai, T.; Chattipakorn, N.; Chattipakorn, S.C. The possible factors a ecting microglial 
activation in cases of obesity with cognitive dysfunction. Metab. Brain Dis. 2018, 3, 615–635. 
[CrossRef] [PubMed] 

26. Puig, K.L.; Floden, A.M.; Adhikari, R.; Golovko, M.Y.; Combs, C.K. Amyloid precursor protein 
and proinflammatory changes are regulated in brain and adipose tissue in a murine model of 
high fat diet-induced obesity. PLoS ONE 2012, 7, e30378. [CrossRef] [PubMed] 

27. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading 
the cognitive state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189–198. 
[CrossRef] 

28. Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; 
Cummings, J.L.; Chertkow, H. The Montreal Cognitive Assessment, MoCA: A brief screening 
tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53, 695–699. [CrossRef] 

29. Schrijvers, E.M.C.; Witteman, J.C.M.; Sijbrands, E.J.G.; Hofman, A.; Koudstaal, P.J.; Breteler, 
M.M.B. Insulin metabolism and the risk of Alzheimer disease: Rotterdam Study. Neurology 
2010, 75, 1982–1987. [CrossRef] 

30. Rasgon, N.L.; Kenna, H.A.; Wroolie, T.E.; Kelley, R.; Silverman, D.; Brooks, J.; Williams, K.E.; 
Powers, B.N.; Hallmayer, J.; Reiss, A. Insulin resistance and hippocampal volume in women at 
risk for Alzheimer’s disease. Neurobiol. Aging 2011, 2, 1942–1948. [CrossRef] 

31. Ursache, A.; Wedin, W.; Tirsi, A.; Convit, A. Preliminary evidence for obesity and elevations in 
fasting insulin mediating associations between cortisol awakening response and hippocampal 
volumes and frontal atrophy. Psychoneuroendocrinology 2012, 37, 1270–1276. [CrossRef] 

32. Espeland, M.A.; Bryan, R.N.; Goveas, J.S.; Robinson, J.G.; Siddiqui, M.S.; Liu, S.; Hogan, 
P.E.; Casanova, R.; Coker, L.H.; Ya e, K.; et al. Influence of type 2 diabetes on brain volumes 
and changes in brain volumes: Results from the Women’s Health Initiative Magnetic 
Resonance Imaging studies. Diabetes Care 2013, 36, 90–97. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/22933440 (accessed on 1 October 2019). [CrossRef] 

33. Reijmer, Y.D.; Leemans, A.; Brundel, M.; Kappelle, L.J.; Biessels, G.J.; Utrecht Vascular 
Cognitive Impairment Study Group. Disruption of the cerebral white matter network is related to 
slowing of information processing speed in patients with type 2 diabetes. Diabetes 2013, 62, 
2112–2115. Available online: http: //www.ncbi.nlm.nih.gov/pubmed/23349494 (accessed on 1 
October 2019). [CrossRef] [PubMed] 

34. Willette, A.A.; Xu, G.; Johnson, S.C.; Birdsill, A.C.; Jonaitis, E.M.; Sager, M.A.; Hermann, B.P.; 
La Rue, A.; Asthana, S.; Bendlin, B.B. Insulin resistance, brain atrophy, and cognitive 
performance in late middle-aged adults. Diabetes Care 2013, 36, 443–449. Available online: 

American Journal of Surgical Sciences (AJSS)                                                                        Volume 16, 2026    Page 82

http://dx.doi.org/10.2337/db17-0382
http://dx.doi.org/10.3390/jcm8010059
http://dx.doi.org/10.1016/j.biopsych.2009.02.013
http://www.ncbi.nlm.nih.gov/pubmed/23246920
http://dx.doi.org/10.3233/JAD-121885
http://dx.doi.org/10.1113/EP086624
http://dx.doi.org/10.3389/fpsyg.2016.01033
http://dx.doi.org/10.1016/j.neurobiolaging.2010.04.006
http://dx.doi.org/10.1038/ijo.2011.175
http://www.ncbi.nlm.nih.gov/pubmed/21894161
http://dx.doi.org/10.1148/radiol.2019194010
http://www.ncbi.nlm.nih.gov/pubmed/31219759
http://dx.doi.org/10.1007/s11011-017-0151-9
http://www.ncbi.nlm.nih.gov/pubmed/29164373
http://dx.doi.org/10.1371/journal.pone.0030378
http://www.ncbi.nlm.nih.gov/pubmed/22276186
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1212/WNL.0b013e3181ffe4f6
http://dx.doi.org/10.1016/j.neurobiolaging.2009.12.005
http://dx.doi.org/10.1016/j.psyneuen.2011.12.020
http://www.ncbi.nlm.nih.gov/pubmed/22933440
http://dx.doi.org/10.2337/dc12-0555
http://www.ncbi.nlm.nih.gov/pubmed/23349494
http://www.ncbi.nlm.nih.gov/pubmed/23349494
http://dx.doi.org/10.2337/db12-1644
http://www.ncbi.nlm.nih.gov/pubmed/23349494


 

 
 

http://www.ncbi.nlm.nih.gov/pubmed/23069842 (accessed on 1 October 2019). [CrossRef] 
[PubMed] 

35. Chua, L.-M.; Lim, M.-L.; Chong, P.-R.; Hu, Z.P.; Cheung, N.S.; Wong, B.-S. Impaired neuronal 
insulin signaling precedes A 42 accumulation in female A PPSW/PS1DE9 mice. J. Alzheimer’s 
Dis. 2012, 29, 783–791. Available online: http://www.ncbi.nlm.nih.gov/pubmed/22337827 
(accessed on 1 October 2019). [CrossRef] [PubMed] 

36. Macklin, L.; Gri th, C.M.; Cai, Y.; Rose, G.M.; Yan, X.-X.; Patrylo, P.R. Glucose tolerance and 
insulin sensitivity are impaired in APP/PS1 transgenic mice prior to amyloid plaque 
pathogenesis and cognitive decline. Exp. Gerontol. 2017, 88, 9–18. Available online: 
http://www.ncbi.nlm.nih.gov/pubmed/28025127 (accessed on 1 October 2019). [CrossRef] 
[PubMed] 

 
37. de Felice, F.G. Alzheimer’s disease and insulin resistance: Translating basic science into 

clinical applications. J. Clin. Investig. 2013, 123, 531–539. [CrossRef] [PubMed] 
38. Bomfim, T.R.; Forny-Germano, L.; Sathler, L.B.; Brito-Moreira, J.; Houzel, J.C.; Decker, H.; 

Silverman, M.A.; Kazi, H.; Melo, H.M.; McClean, P.L.; et al. An anti-diabetes agent protects the 
mouse brain from defective insulin signaling caused by Alzheimer’s disease-associated A 
oligomers. J. Clin. Investig. 2012, 22, 1339–1353. [CrossRef] [PubMed] 

39. Luchsinger, J.A.; Perez, T.; Chang, H.; Mehta, P.; Ste ener, J.; Pradabhan, G.; Ichise, M.; 
Manly, J.; Devanand, D.P.; Bagiella, E. Metformin in amnestic mild cognitive impairment: 
Results of a pilot randomized placebo controlled clinical trial. J. Alzheimer’s Dis. 2016, 51, 501–
514. [CrossRef] 

40. Alosco, M.L.; Spitznagel, M.B.; Strain, G.; Devlin, M.; Cohen, R.; Paul, R.; Crosby, R.D.; 
Mitchell, J.E.; Gunstad, J. Improved memory function two years after bariatric surgery. Obesity 
2014, 22, 32–38. [CrossRef] 

41. Jones, E.G. A new view of specific and nonspecific thalamocortical connections. Adv. Neurol. 
1998, 77, 49–71. Available online: http://www.ncbi.nlm.nih.gov/pubmed/9709817 (accessed on 
1 October 2019). 

42. Dugger, B.N.; Tu, M.; Murray, M.E.; Dickson, D.W. Disease specificity and pathologic 
progression of tau pathology in brainstem nuclei of Alzheimer’s disease and progressive 
supranuclear palsy. Neurosci. Lett. 2011, 491, 122–126. [CrossRef] 

43. Parvizi, J.; Van Hoesen, G.W.; Damasio, A. The selective vulnerability of brainstem nuclei to 
Alzheimer’s disease. Ann. Neurol. 2001, 49, 53–66. [CrossRef] 

44. Erskine, D.; Taylor, J.P.; Firbank, M.J.; Patterson, L.; Onofrj, M.; O’Brien, J.T.; McKeith, I.G.; 
Attems, J.; Thomas, A.J.; Morris, C.M.; et al. Changes to the lateral geniculate nucleus in 
Alzheimer’s disease but not dementia with Lewy bodies. Neuropathol. Appl. Neurobiol. 2016, 
42, 366–376. Available online: http://www.ncbi.nlm.nih.gov/pubmed/25967384 (accessed on 1 
October 2019). [CrossRef] [PubMed] 

45. Ellis, E.M.; Gauvain, G.; Sivyer, B.; Murphy, G.J. Shared and distinct retinal input to the mouse 
superior colliculus and dorsal lateral geniculate nucleus. J. Neurophysiol. 2016, 116, 602–610. 
[CrossRef] [PubMed] 

46. Siegel, M.; Donner, T.H.; Oostenveld, R.; Fries, P.; Engel, A.K. Neuronal synchronization along 
the dorsal visual pathway reflects the focus of spatial attention. Neuron 2008, 60, 709–719. 
Available online: http: //www.ncbi.nlm.nih.gov/pubmed/19038226 (accessed on 1 October 
2019). [CrossRef] 

  

American Journal of Surgical Sciences (AJSS)                                                                       Volume 16, 2026    Page 83

http://www.ncbi.nlm.nih.gov/pubmed/23069842
http://dx.doi.org/10.2337/dc12-0922
http://www.ncbi.nlm.nih.gov/pubmed/23069842
http://www.ncbi.nlm.nih.gov/pubmed/22337827
http://www.ncbi.nlm.nih.gov/pubmed/22337827
http://dx.doi.org/10.3233/JAD-2012-111880
http://www.ncbi.nlm.nih.gov/pubmed/22337827
http://www.ncbi.nlm.nih.gov/pubmed/28025127
http://dx.doi.org/10.1016/j.exger.2016.12.019
http://www.ncbi.nlm.nih.gov/pubmed/28025127
http://dx.doi.org/10.1172/JCI64595
http://www.ncbi.nlm.nih.gov/pubmed/23485579
http://dx.doi.org/10.1172/JCI57256
http://www.ncbi.nlm.nih.gov/pubmed/22476196
http://dx.doi.org/10.3233/JAD-150493
http://dx.doi.org/10.1002/oby.20494
http://www.ncbi.nlm.nih.gov/pubmed/9709817
http://dx.doi.org/10.1016/j.neulet.2011.01.020
http://dx.doi.org/10.1002/1531-8249(200101)49:1&lt;53::AID-ANA30&gt;3.0.CO;2-Q
http://www.ncbi.nlm.nih.gov/pubmed/25967384
http://dx.doi.org/10.1111/nan.12249
http://www.ncbi.nlm.nih.gov/pubmed/25967384
http://dx.doi.org/10.1152/jn.00227.2016
http://www.ncbi.nlm.nih.gov/pubmed/27169509
http://www.ncbi.nlm.nih.gov/pubmed/19038226
http://www.ncbi.nlm.nih.gov/pubmed/19038226
http://dx.doi.org/10.1016/j.neuron.2008.09.010



