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ABSTRACT  

 

Background: Oxidative stress (OxS) might be involved in the pathogenesis of late onset Alzheimer 

disease (LOAD); noteworthy, the presence of multimorbidity is regarded as a common 

denominator of OxS and dementia.  

Aim: to evaluate the contribution of multimorbidity to OxS in LOAD and mild cognitive impairment 

(MCI).  

Methods: serum hydroperoxides and multimorbidity (CIRS-CI scale) were evaluated in 46 Controls, 

104 MCI and 75 LOAD. 

Results: a trend toward an increase of hydroperoxides from Controls to MCI to LOAD was 

observed (LOAD vs Controls p=0.01). This OxS marker was positively and significantly correlated 

with CIRS-CI in Controls (p= 0.002) and patients with MCI (p= 0.005) but not in those with LOAD 

(p= 0.104). 

Conclusions: multimorbidity is associated with systemic OxS but only in elderly people with either 

no or mild cognitive impairment. Although OxS is elevated in LOAD patients, its association with 

multimorbidity seems to be negligible, confirming the existence of strong disease-specific pro-

oxidant mechanisms.     

 

 

 

Keywords 
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Introduction 

The most important risk factor for the incidence of dementia is aging [1,2], and oxidative stress 

(OxS) is widely regarded as one of the most important biological features of the ageing process 

[3,4]. Although it has not been yet elucidated the real nature of its involvement, a pivotal role of 

OxS in the pathogenesis of most of the diseases affecting older people is well-recognized [4].  

Recent data from our and other’s studies have demonstrated that OxS is strictly associated with 

late onset Alzheimer disease (LOAD)[3,5]. Notably, OxS has been also related to the presence of 

mild cognitive impairment (MCI), an intermediate stage between the expected cognitive decline of 

normal aging and dementia [6]. Moreover, in separate studies, higher levels of peripheral OxS 

markers have been found to be associated with a decreased physical performance in older people 

[7].  

Because of their advanced age, the most demented patients are affected by multimorbidity, that is 

the co-occurrence of multiple diseases or medical conditions within a single person [8]. 

Noteworthy, multimorbidity might be involved not only in the development of OxS condition [9], 

but also in the pathogenesis and clinical presentation of dementia, by damaging central nervous 

system and increasing the rate of cognitive/physical decline [10]. Of consequence, although 

previous studies have considered the possible confounding effects of some specific diseases (e.g. 

diabetes and hypertension), it is not clear whether the systemic OxS observed in demented older 

subjects might actually result from dementia itself, from the effect of multimorbidity, or from both 

of these conditions.   

In the present study we tried to evaluate the possible contribution of multimorbidity to systemic 

OxS in older individual affected by dementia. To this aim we evaluated a large sample of older 

individuals affected by LOAD or MCI, and compared them to a sample of cognitively normal older 

adults. 
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Materials and methods 

2.1. Subjects 

Two hundred twenty five outpatients referring to the Day Service for Cognitive Decline (University 

of Ferrara, Italy) were enrolled into this study from 2006 to 2013, including: 

1) Forty-six Patients with LOAD by the National Institute of Neurological and Communicative 

Diseases and Stroke/Alzheimer's Disease and Related Disorders Association (NINCDS-

ADRDA) criteria [11]. Only patients with “probable” Alzheimer’s disease were included to 

increase specificity.  

2) One hundred and four older subjects with MCI. This condition was defined as the presence 

of short/long-term memory impairment, with/without impairment in other single or 

multiple cognitive domains, in an individual who didn’t meet the standardized criteria for 

dementia [12]. 

3) Seventy-five older cognitively normal older adults individuals (Controls) without evidence 

of cognitive impairment nor of functional impairment attributable to cognitive deficits.  

This study was carried out accordingly to the Declaration of Helsinki (World Medical Association, 

http://www.wma.net), the guidelines for Good Clinical Practice (European Medicines Agency, 

http://www.ema. europa.eu). All the participants (and/or their caregiver if demented) were 

informed about the research project and signed an informed consent.   

Personal data and medical history were collected by a structured interview from patients and 

caregivers. All patients underwent a general and neurological examination. For neuropsychological 

assessment, all patients were given a battery of tests as previously described [4]. Clinical-

chemistry analyses (serum B-12 vitamin, serum folate, etc.) were routinely performed to exclude 

other causes of cognitive impairment. Subjects with diagnosis of severe congestive heart failure, 

severe liver or kidney disease, severe chronic obstructive pulmonary and cancer or taking non-

steroidal anti-Inflammatory drug (NSAIDS), antibiotics or steroids were excluded.  

2.2. Functional status, cognitive status, and comorbidities index assessments 

Functional status was measured at two levels:   

- Basic activity daily living (BADLs) [13], assessed by considering the following six tasks: bathing, 

dressing, toileting, maintaining continence, feeding, and transferring (Maximum score 6/6). 

- Instrumental activities of daily living (IADLs) [13], evaluated by assessing six tasks as follows: use 

of telephone, managing shopping, medications, finances, and use of transportation. (Maximum 
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score 19/19). The global cognitive status was assessed by the mini-mental state examination 

(MMSE). 

The illness burden was measured by using the cumulative illness rating scale - comorbidity index 

(CIRS- CI) [14]. In this scale, diseases are scored by organ systems and categorized into 14 items: 

heart, vascular, hematopoietic, respiratory; eyes, ears, nose; throat and larynx; upper 

gastrointestinal, lower gastrointestinal, liver, renal, genitourinary, musculoskeletal, neurological, 

endocrine-metabolic, and behavioral-psychiatric. Each item was rated based upon the clinical data 

available according to the following scores: 0, no problem; 1, mild problem; 2, moderate disability 

or morbidity; 3, severe/constant significant disability/chronic problems; 4, life-threatening 

problems. We specifically considered the comorbidity index (CIRS-CI), computed by counting the 

number of items (excluding the two referring to psychiatric and neurological system) for which 

moderate to life-threatening disorders was reported.  

 

2.3. Assessment of serum hydroperoxides  

Venous blood was collected from subjects upon an overnight fast. Blood samples were 

immediately centrifuged and then divided in serum aliquots which were stored at -80°C until 

analysis. 

Hydroperoxides (HY) were assessed by colorimetric assay based on the reaction between these 

lipid peroxidation by-products and N,N-diethyl-para-phenylendiamine from Sigma-Aldrich, (St. 

Louis, MO, USA) [4]. Briefly, for each subject, 5 𝜇L of serum or standard (H2O2) was added to a 

solution containing 190 𝜇L of acetate buffer (pH 4.8) and 5 𝜇L of chromogen (0.0028M). The 

solution was incubated at 37∘C and then read for optical density after 1 and 4minutes by Tecan 

Sunrise-96 well microplate spectrophotometer (Tecan group Ltd., UK). The concentration of 

hydroperoxides was obtained by the average ΔA505/min and expressed as U Carr, where 1 UC  

corresponds to 0.023mM of H2O2 [4]. The intra-assay coefficient of variation (CV) was 3.7%, 

whereas the inter-assay CV was 4.3%.  

 

2.4. Statistical analysis 

Mean values were compared by analysis of variance (ANOVA) (Fisher's least significant difference 

as post-hoc test) or Kruskall-Wallis for variable with not normal distribution. The covariates 

included in the analysis of covariance (ANCOVA) were: age (years), sex (M/F), hypertension (Y/N), 

cardiovascular diseases (Y/N), diabetes (yes/no), and smoking habit (current/never). Prevalence 
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 6 

was compared by the χ2 test. The relationship between variables of interest was checked by either 

Pearson’s (if variables were normally distributed) or Spearman’s (in case of non-normally 

distribution) correlation analysis. Adjusted Odds Ratios (O.R.; 95% confidence interval - 95%CI) 

were calculated in order to check the independence of the association between CIRS-CI and serum 

hydroperoxides levels. In this analysis, hydroperoxides were considered the dependent 

(dichotomous) variable, with the cut-off equal to the median value (296 UC) calculated in the 

control group. SPSS 17.00 for Windows (Chicago, Illinois, USA) was used for statistical analysis.  
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Results 

[insert Table 1] 

In Table 1 are reported the principal characteristics of the subjects enrolled into the study. 

Individuals included in the Control group were younger (p<0.01) and had a higher mean 

educational level compared with other two groups. The prevalence of female gender was lower in 

MCI group compared to others (p<0.05), while the prevalence of hypertension, CVD, and diabetes 

did not vary significantly among the groups. As expected by selection criteria, the mean MMSE 

score was pathological in LOAD, while it was within normal limits both in MCI and Controls. 

Likewise, compared with not-demented subjects, patients with LOAD displayed higher scores for 

CIRS-CI, and lower scores for IADLs (p<0.05). A trend toward a progressive increase in serum levels 

of hydroperoxides from Controls to MCI to LOAD was observed, but the difference was significant 

only in LOAD vs Controls, even after adjustment (ANCOVA).  

[insert Table 2] 

The possible link between hydroperoxides serum levels and multimorbidity, as well as clinical 

scores of cognitive/functional status was checked within the three groups examined by simple 

correlation analysis (Table 2). This OxS marker was positively and significantly correlated with 

CIRS-CI in Controls (p=0.002) and in MCI (p=0.005) but not in LOAD patients (p=0.104); on the 

contrary, no significant correlations emerged between serum hydroperoxides and MMSE, BADLs, 

and IADLs score. Finally, by multivariate logistic regression analysis (covariates: age, sex and 

smoking) we demonstrated that CIRS-CI was independently associated with high serum 

hydroperoxides levels in Controls (O.R. = 1.37; 95% CI = 1.18-1.59), and MCI patients (O.R. = 1.25; 

95% CI = 1.01-1.54), but not in LOAD (O.R. = 1.22; 95% CI = 0.96-1.58).  
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Discussion 

Free radicals become noxious for human organism when their potentially damaging actions are 

not adequately countered by antioxidants [9]. A defeat of this defense system inevitably leads to 

accumulation of by-products derived by oxidative damage to lipids and, in a less extent, to other 

molecules such as nucleic acid and proteins [9]. Consistent with our previous data, obtained in a 

larger sample [6], in the present study we found that serum concentration of hydroperoxides was 

significantly increased in LOAD compared with Controls, while MCI were in an “intermediate” 

condition. Nevertheless, a large body of evidence strongly suggest that OxS is also implicated in 

several aging-related disorders affecting organs and systems besides the brain [7,9]. Since the 

presence of multiple diseases is frequent in older individuals, including those affected by dementia 

[8], it was tempting to speculate that multimorbidity might partially account for the change in OxS 

observed in these patients.  

The main finding of our study was that the number of clinically relevant concomitant diseases, as 

assessed by CIRS-CI, were significantly (and independently) associated with serum hydroperoxides 

level in Controls and MCI, but not in LOAD. Thus, while a trend toward an increase in serum 

hydroperoxides was observed from Controls to MCI to LOAD, a reverse trend was observed as 

regards the impact of multimorbidity on this phenomenon. Interestingly, although both OxS and 

multimorbidity were significantly increased in LOAD patients compared with Controls, we could 

demonstrate that CIRS-CI did not account at all for the increase in hydroperoxides in these 

patients. This finding strongly suggest that in LOAD the systemic OxS is primarily related to the 

disease itself and not secondary to concomitant conditions.   

Consistently with our results, a solid body of evidence indicate that OxS is a critical, either 

upstream or downstream, event in the pathogenesis of AD [3, 15-18]. Indeed, signs of oxidative 

damage have been observed in hippocampal neurons that not yet show the neuropathological 

hallmarks of LOAD. i.e. amyloid-β (Aβ) aggregates or micro-fibrillary tangles [17]. Although the 

source of the shift in oxidative homeostasis has still to be fully understood, current evidence 

points to mitochondrial dysfunction [17] and metal dyshomeostasis [19-21]. More specifically, free 

copper and iron may act as catalysts in the Fenton reaction leading to the formation of the most 

reactive ROS (•OH) or lipoperoxidation by-products [20]. Furthermore, compelling evidence 

suggests that copper dysregulation might affect soluble Aβ aggregation [21] and increase ROS-

mediated Aβ neurotoxicity [22]. Indeed, It has been shown that Aβ oligomers (mainly Aβ1-42) bind 

Cu2+ with high affinity [22], forming a cuproenzyme-like protein able to generate H2O2. In turn, this 
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moderately reactive species (mostly upon the aforementioned metal-catalyzed conversion in 

hydroxyl radical) is able to activate the production of •O2
- by microglial and neuronal NADPH 

oxidase [23]. The tight link between copper dyshomeostasis and LOAD has been proved by several 

clinical [24-26], meta-analysis [27], and genetic evidence [19]. Intriguingly, a recent work from 

Squitti et al. [19], suggests the existence of a “copper dysfunction” phenotype, characterized by 

high serum level of  non-ceruloplasmin bound copper. 

Metal dyshomeostasis could be also ascribed as one of factors accounting for the elevated level of 

systemic OxS observed in LOAD patients in the present and in many previous works by ourselves 

[4-6] and others [18, 28-30]. Indeed, regardless of some contrasting results [31], the 

serum/plasma concentration of different markers of proteins, DNA, and, mostly, lipids has been 

found to increase in patients affected by LOAD compared to older controls by several authors [4-6, 

28-30]. In parallel with these data, there is abundant evidence showing that the increase of these 

markers of biomolecular oxidative damage is accompanied by a decrease in dietary-derived and/or 

endogenous antioxidants [4-6, 28, 32], leading to “full blown” OxS pattern. 

Recent post-mortem evidence showed that, in MCI patients, the concentrations of tangles and 

plaques, as well as signs of oxidative damage in neocortex and hippocampus, are intermediate in 

amount between those occurring in normal aging and in LOAD [16,33]. In agreement with these 

observations, we found that in MCI patients the association between hydroperoxides and CIRS-CI 

was stronger compared with LOAD but much weaker compared with Controls. Therefore, it 

appears that the moderate increase in OxS we observed in MCI might be principally driven by the 

underlying brain pathology rather than by multimorbidity.    

Challenging evidence, although based on small samples, suggest that OxS might be associated to 

the decline in functional and cognitive performance observed in older people [7]. In contrast with 

these findings, we didn’t find any significant association between hydroperoxides and common 

indices used for the detection of physical and cognitive performance (i.e. IADLs, BADLs, and 

MMSE). Some important differences regarding the methodology of OxS detection, the different 

characteristics (e.g. age, lifestyle habits etc.) and size of the samples may, in our opinion, accounts 

for the discrepancies between ours and others’ data.  

Finally, the limitations as well as strengths of the study must be acknowledged. In one hand, the 

design of the study was cross-sectional, thereby precluding our ability to establish any temporal 

relationship between the variables considered in the analysis. On the other hand, to the best of 
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our knowledge, our study is one of the first exploring the potential association between a 

peripheral marker of OxS and multimorbidity in older subjects affected by LOAD.  

In conclusion, our data suggest that multimorbidity, as measured by the CIRS-CI scale, might be 

related to systemic OxS level in elderly people. On the contrary, in LOAD patients a disease-specific 

pro-oxidant mechanisms seems to prevail, while the role of multimorbidity on systemic OxS seems 

to be negligible.     
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Table 1: Principal characteristics of the sample according to clinical status.    

 

 

 

CONTROLS 

(n=46) 

 

MCI 

( n=104) 

 

LOAD 

(n=75) 

Age (years) § 70.9±8.6 75.47.1a 77.45.6a 

Sex (females, %) * 76.5 58.3 77.0 

MMSE score § 27.12.3 24.53.1a 21.04.0a,b 

Education (years) § 9.54.4 6.33.9a 5.33.5a 

Current smoking (%)* 4.0 10.5 6.8 

Hypertension (%)  59.1 61.3 65.8 

Diabetes (%)  11.8 13.2 17.7 

CVD (%)  14.7 17.9 13.9 

IADL * 8.0 (6.0-8.0) 7.0 (5.0-8.0) 4.0 (2.0-6.0) 

BADL * 6.0 (5.0-6.0) 6.0 (5.0-6.0) 6.0 (4.0-6.0) 

CIRS-CI * 1.0 (0.0-2.0) 1.0 (0.0-3.0) 2.0 (1-4.5) 

Hydroperoxides, UC # 239.1±15.3 265.116.2 283.818.2a 

Mean±SD for normally distributed variables; median (interquartile range) for not-

normally distributed variables 

MCI: mild cognitive impairment; LOAD: late onset Alzheimer’s disease; CVD: 

cardiovascular disease; IADL: instrumental activities of daily living; BADL: basic activity 

daily living; CIRS-CI: cumulative illness rating scale - comorbidity index; UC: U Carr 

* p<0.05 Kruskal-Wallis (median) or Chi-squared test (prevalence) 
§ p<0.05 ANOVA (post-hoc test: a: p<0.05 vs controls; b: p<0.05 vs MCI) 
# p<0.05 with ANCOVA (covariates: age, sex, smoking, hypertension, diabetes, and CVD)  
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Table 2: Spearman’s or Pearson’s correlation coefficients for the relationship between 

hydroperoxides serum levels and indexes of multimorbidity, functional status, and 

cognitive status. 

 
 

 CONTROLS MCI LOAD 

      

CIRS-CI r*  0.430 0.272 0.180 

  (p=0.002) (p=0.005) (p=0.104) 

     

BADL r 0.047 0.106 -0.155 

   (p=0.682) (p=0.232) (p=0.133) 

     

 IADL r 0.209 0.122 0.034 

  (p=0.052) (p=0.118) (p=0.772) 

     

MMSE r§
 0.202 0.043 0.083 

  (p=0.055) (p=0.535) (p=0.409) 
 

    

MCI: mild cognitive impairment; LOAD: late onset Alzheimer’s disease; IADL: instrumental 
activities of daily living; BADL: basic activity daily living; CIRS-CI: cumulative illness rating scale - 
comorbidity index  
* Spearman’s correlation coefficient 
§ Pearson’s correlation coefficients 
 



Conflict of Interest Disclosure Form
Click here to download Conflict of Interest Disclosure Form: disclosure.pdf 

http://www.editorialmanager.com/acer/download.aspx?id=12259&guid=2da5f434-0d9e-4b74-9136-9a64fca1ba38&scheme=1



