
American Journal of Urology Research

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 018

Short Communication

A Brief Study of the Correlation of Urine D-ribose with 
MMSE Scores of Patients with Alzheimer’s Disease and 
Cognitively Normal Participants - 
Jihui Lyu2#, Le-Xiang Yu1#, Ying-Ge He1, Yan Wei1, Li-Ling Dong3, Shou-Zi 
Zhang2, Yi Ma4 and Rong-Qiao He1*
1State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, University of Chinese 
Academy of Sciences
2Center for Cognitive Disorders, Beijing Geriatric Hospital
3Neurology department, Peking Union Medical College Hospital
4The Medical Examination Center, Beijing Geriatric Hospital
#Equal contribution to this work

*Address for Correspondence: Rong-Qiao He, State Key Laboratory of Brain and Cognitive Science, 
Institute of Biophysics, Chinese Academy of Sciences, 15 Datun Road, Chaoyang District, Beijing 
100101, China, Tel: +010-648-89876; E-mail:  

Submitted: 28 April 2019; Approved: 28 May 2019; Published: 29 May 2019

Cite this article: Lyu J, Yu LX, He YG, Wei1 Y, Rong-Qiao He, et al.  A Brief Study of the Correlation 
of Urine D-ribose with MMSE Scores of Patients with Alzheimer’s Disease and Cognitively Normal 
Participants. Am J Urol Res. 2019;4(1): 018-023.

Copyright: © 2019 Lyu J, et al. This is an open access article distributed under the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

American Journal of 
Urology Research



American Journal of Urology Research

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 019

ABBREVIATIONS

MMSE: Mini-Mental State Examination; AD: Alzheimer’s 

Disease 

INTRODUCTION

Diabetes is considered as an important risk factor for Alzheimer’s 

Disease (AD) [1-3], which is called the third diabetes [4]. According 

to a population-based cohort study, uncontrolled diabetes increases 

the risk of AD [5]. Non-enzymatic glycation has been found to 

be involved in neurodegenerative diseases like AD [6], and thus 

increased attention is paid to the role of glycation in AD pathogenesis 

[7]. Protein glycation is a cause for complications in diabetes mellitus 

[8-10]. A recent study has showed that patients with diabetes suff er 

from abnormal metabolism of not only D-glucose but also D-ribose 

[11]. Th us, the role of D-ribose in the glycation and age-related 

cognitive impairment is necessary to be investigated.

D-ribose, which is naturally found in human body, participates 

in numerous biochemical processes, especially in energy production 

[12,13]. D-ribose is much more reactive with protein than D-glucose 

such as glycation of neuronal Tau [14] and α-synuclein [15] under 

the same experimental conditions [16,17], acting as one of the major 

contributors to the Glycation Of Serum Protein (GSP) [18] and 

Hemoglobin (HbA1c) [19]. Intraperitoneal injection of D-ribose leads 

to elevation of formaldehyde levels in mouse brain [20]. Ribosylated 

Tau protein forms globular aggregation that is cytotoxic to neuronal 

cells [14]. Excess and long-term administration of D-ribose induces 

cognitive impairment followed by amyloid-β deposition and Tau 

hyperphosphorylation in mouse hippocampus and cortex [21]. 

Although eff ects of endogenous formaldehyde and D-ribose 

on cognitive impairment has been studied in this laboratory [21-

24], the relationship between cognitive ability and D-ribose has not 

been clinically investigated. Here, we aim to explore the correlation 

between endogenous D-ribose levels and MMSE scores, compared to 

those between endogenous formaldehyde levels and MMSE scores. 

MATERIALS AND METHODS

Participants 

All participants were enrolled between August 2015 and 

April 2018 at the Center for Cognitive Disorders, or the Medical 

Examination Center of Beijing Geriatric Hospital, and Neurology 

department of Peking Union Medical College Hospital, China.  Th e 

inclusion criteria for AD patients were as follows: (a) 55 years old 

and older, (b) with diagnosis of probable AD based on the National 

Institute of Neurological and Communicative Disorders and Stroke 

and the Alzheimer’s Disease and Related Disorders Association 

(NINCDS-ADRDA) criteria. Th e inclusion criteria for cognitively 

normal participants were as follows: (a) 55 years old and older, (b) 

with the Clinical Dementia Rating scale (CDR) = 0 (no dementia) 

[25]. Exclusion criteria included: with diabetes or hyperglycemia, with 

life threatening disease, with severe mental illness, unable to receive 

the assessments for any reason, or substance abuse. Participants were 

enrolled by dementia specialists in the research team. Th e diagnosis 

of AD was based on a detailed medical history, comprehensive 

physical examination, neuropsychological assessments, relevant 

blood test, and brain imaging examination (CT or MRI, and PET 

when necessary) and according to NINCDS-ADRDA criteria. Th is 

study was conducted in accordance with guidelines on human subject 

research and approved by the ethical review committee of the Beijing 

Geriatric Hospital (BJLNYY-2018-011) and by the ethics committee 

of the Institute of Biophysics, Chinese Academy of Sciences (2014-

HRQ-1)

Measurements

All participants were assessed with the CDR [25] and the Chinese 

version of Mini Mental State Examination (MMSE) [26]. Th e 

CDR is a rating scale for the clinician to characterize the degree of 

severity of dementia (0 = no dementia, 0.5 or 1 = mild dementia, 2 = 

moderate dementia, 3 = severe dementia). Th e MMSE is a 30-point 

questionnaire which is used to measure cognitive impairments. It 

examines functions of attention, calculation, recall, language, ability 

to follow simple commands and orientation. 

Urine D-ribose

Analyses of urine  D-ribose were performed in a double-blind 

manner by the Center of Cognitive Disorders (Center for Cognitive 

Disorders, Beijing Geriatric Hospital, China), and  N eurology 

department (Peking Union Medical College Hospital, Beijing, 

China). Urine D-ribose were measured as described previously [11]. 

A 1.0 ml urine sample (thawed at 4° C) was centrifuged (12,000 rpm, 

4° C, and 30 min). A 0.4 ml of the supernatant was mixed with 0.6 ml 

4-(3-methyl-5-oxo-2-pyrazolin-1-yl) benzoic acid (MOPBA, fi nal 

concentration 150  mM, 250  mM NaOH (Cas: 20070319, Guoyao, 

China) in 50% methanol (Cas: A452-4, Th ermoFisher, USA)-water 

solution) (Cas: 197556, Sigma, USA). Samples were centrifuged 

(12,000 rpm, 4° C, and 10 min) and then reacted in a 70° C water bath 

for 90 min; this was followed by centrifugation (12,000 rpm, 4° C, and 

10 min). Th e mixture was acidifi ed by addition of 150 μl of aqueous 

2 M HCl (Cas: 80070591, Beijingshiji, China) solution to precipitate 

the excess MOPBA. Th e mixture was vortexed and centrifuged 

(12,000  rpm, 4° C, and 10  min) and then fi ltered (0.22  μm). 20  μl 

of the solution was then subjected to high-performance liquid 

chromatography (HPLC) (LC-20A, Shimadzu, Japan)

Urine formaldehyde

Analyses of urine formaldehyde were performed in a double-
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blind manner by the Center of Cognitive Disorders (Center for 

Cognitive Disorders, Beijing Geriatric Hospital, China) and 

Neurology department (Peking Union Medical College Hospital, 

Beijing, China). Urine formaldehyde were measured as described 

previously [27]. A 1.0 ml urine sample (thawed at 4° C) was centrifuged 

(12,000  rpm, 4° C, and 30  min). A 0.4  ml of the supernatant was 

mixed with 0.4  ml acetonitrile (Cas: A998-4, Th ermoFisher, USA), 

0.1ml TCA (20%, w/v, in water) (Cas: 80132618, Guoyao, China) 

and 0.1 ml 2,4-dinitrophenylhydrazone (1g/L) (Cas: 550626, 

Beijingshiji, China). Samples were centrifuged (12,000 rpm, 4° C, and 

10 min) and then reacted in a 60° C water bath for 30 min; this was 

followed by centrifugation (12,000 rpm, 4° C, and 10 min) and then 

fi ltered (0.22 μm). 20 μl of the solution was then subjected to High-

Performance Liquid Chromatography (HPLC).

Statistical analysis

Th e signifi cances between two groups were calculated with 

two-sided unpaired Student  t-tests and Person Chi-square test. All 

values are reported as the means ± Standard Error of the Means 

(SEM), a diff erence of P < 0.05 is considered signifi cant. Correlations 

between urine D-ribose levels and MMSE scores, as well as between 

urine formaldehyde levels and MMSE scores, were assessed using 

Spearman correlation methods. P value less than 0.05 (P ≤ 0.05) were 

considered signifi cant. All statistical analyses were performed using 

origin 8.0 (Microcal, USA).

RESULTS 

Nighty-three participants (aged 73.1 ± 9.6 year old) were enrolled, 

including 49 AD patients (32 female and 17 male) and 44 (27 female 

and 17 male) cognitively normal participants. Table 1 illustrates the 

demographic data and MMSE scores of the two groups of participants. 

MMSE scores, D-ribose levels and formaldehyde levels in urine of all 

the participants are shown in table 2. Comparison of urine D-ribose 

concentrations between AD patients and cognitively normal 

participants resulted signifi cantly in diff erence (P < 0.05) as shown 

in fi gure 1a. Since the relation between endogenous formaldehyde 

and cognitive impairment has been found [28], we measured 

the formaldehyde concentration in urine as positive control. An 

extremely signifi cant (P < 0.0001) diff erence of the formaldehyde 

concentration was observed between AD patients and cognitively 

normal participants (Figure 1b).

Th ere are diff erent variations in urine D-ribose levels in patients 

with AD of diff erent genders. Signifi cant (P < 0.05) diff erence was 

obtained between female patients and female controls (Figure 1c). 

However, the diff erence between male patients and male controls 

was not notable (P > 0.05, fi gure 1e) under the same determined 

conditions. Whereas, the formaldehyde level of patients with AD 

was signifi cantly higher than cognitively normal participants of the 

two genders: Urine formaldehyde levels of female patients (P < 0.01, 

fi gure 1d) and male patients (P < 0.01, fi gure 1f). Di ff  erences in MMSE 

scores between AD patients and normal controls were remarkably 

examined under the same conditions (P < 0.0001, fi gure 1h).

In order to explore the relationship between D-ribose levels and 

cognitive abilities, we analyzed the Spearman correlation between 

the concentration of urine D-ribose (formaldehyde as reference) and 

MMSE scores. As shown in table 2, both concentrations of D-ribose 

(P < 0.01) and formaldehyde (P < 0.0001) were negatively correlated 

with MMSE scores in all the participants including the patients. For 

diff erent genders, similar signifi cantly negative correlations were 

observed in female participants for their urine D-ribose (P < 0.01) and 

formaldehyde (P < 0.001). Formaldehyde in male participants showed 

a signifi cantly negative correlation with MMSE scores (P < 0.01), while 

D-ribose in male participant did not have the marked correlation (P 

> 0.05). Most interestingly, among cognitively normal participants, 

urine D-ribose showed a signifi cantly negative correlation (P < 0.05) 

with MMSE scores, but not formaldehyde (P > 0.05). Th is appears 

that levels of urine D-ribose may be related to the cognitive change in 

the early stage of age-related cognitive impairment.

Th e average level of urine D-ribose of cognitively normal 

participants was 55.29 ± 7.08 μmol/ L in this study. As reported by 

Su and colleagues [11], the reference range of D-ribose in urine is 

40-80 μmol/ L. Th e average level of AD patients D-ribose (96.91 ± 

17.36 μmol/ L) was higher than this value, especially that of female 

AD patients (105.47 ± 23.61 μmol/ L) compared with the normal 

Table 1: Demographic data of participants.

Total Normal AD P

Age

≤60 11 10 1 <0.05

61-74 43 27 16 <0.05

≥75 39 7 32 <0.05

Sex

Women 59 27 32 >0.05

Men 34 17 17 >0.05

Education(years)

<5 19 3 16 <0.05

5-10 59 36 23 <0.05

>10 15 5 10 >0.05

MMSE (score)

≤5 28 0 28 <0.05

6-10 13 0 13 <0.05

11-20 7 0 7 <0.05

21--24 1 0 1 <0.05

25-30 44 44 0 <0.05

CDR

0 44 44 0 <0.05

1 9 0 9 <0.05

2 11 0 11 <0.05

3 29 0 29 <0.05

    Compared with the Pearson Chi-square test.

Table 2: Spearman correlation analysis between urine D-ribose or 
formaldehyde and cognitive scores.

Participants Age (year ± SD)
Between rib and 

CS Between FA and CS

*R P values *R P values

Total (n = 93) 73.1 ± 9.6 -0.3169 0.0012 -0.4212 0.0000

Normal (n = 44) 66.8 ± 6.7 -0.3215 0.0333 -0.1208 0.4348
Female (n = 59) 73.8 ± 10.3 -0.3471 0.0071 -0.4252 0.0008

Male (n = 34) 72.1 ± 8.5 -0.3182 0.0667 -0.4659 0.0055
*R represents Spearman correlation between urine D-ribose (rib) or 
Formaldehyde (FA) and Cognitive scores (CS).
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Figure 1: Lyu et al: Comparison of urine D-ribose or formaldehyde between AD patients and normal participants. Samples of the morning urine (middle stream, 
10 ml) were taken from patients and participants before breakfast, followed by measurements of concentrations of D-ribose and formaldehyde in the urine as 
previously described [11,27]. Concentrations of D-ribose and formaldehyde were compared between AD patient and normal participants (panel a, b), between 
female patients and female normal participants (panel c, d), as well as between male participants and male normal participants (panel e, f), respectively. The 
comparison of MMSE score between AD and normal participants (panel h).
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participants (41.58 ± 7.18 μmol/ L). Th e negative correlation between 

urine D-ribose and cognitive ability showed: Th e higher the D-ribose 

level is, the poorer cognitive ability the participant has. Among all AD 

patients, women were the major contributors to the elevation of urine 

D-ribose levels

DISCUSSION

Levels of D-ribose (or formaldehyde) in AD patients are negatively 

correlated with MMSE scores, suggesting the dysmetabolism of 

D-ribose may be one of the risks for AD. Th e eff ect of D-ribose on 

cognitive impairment may be resulted from these pathways: 

• D-ribose can activate CaMKII, which catalyzes protein 

phosphorylation, leading to Tau hyperphosphorylation of 

rodents [29].

• Gavage of the D-ribose induces the formation of amyloid-β 

deposition in mouse cortex and hippocampus [21].

• Administration of D-ribose activates astrocytes and elevates 

levels of NFκB and TNFα in mouse brain and U251 and 

U87MG astrocyte cell lines in the irritation of infl ammatory 

reaction [30].

• D-ribose is reactive in the glycation of haemoglobin [19] and 

serum proteins [18].

 Glycation triggers the yield of reactive oxygen species (ROS), 

which is known to be harmful to cells [31]. Reduction of ROS 

promotes cell proliferation [32], which involved in age-related 

cognitive impairments [33]. Finally, 

• D-ribose elevated levels of hepatic triglyceride through 

upregulation of Diacylglycerol O-Acyltransferase 1 (DGAT1) 

and DGAT2 [34], as triglycerides playing a role in cognitive 

dysfunction [35]. 

We have noticed that the correlation between the D-ribose levels 

and cognitive abilities is more likely to occur in female participants. 

D-ribose levels of female AD patients were notably higher than that 

of cognitively normal participants. However, signifi cant diff erences 

were not observed in male AD patients. According to Schmidt and 

colleagues [36], there are sex diff erences in AD. First, the prevalence 

of AD  is higher in women  than in men [37]. Second, women have 

a broader spectrum of dementia related behavioral symptoms with 

a predominance of depression, while aggression is more frequent in 

men than in women [38]. Th ird, gender diff erences were also showed 

in expression of anti-oxidative enzymes and post-menopausal 

hormonal changes [39]. Finally, as described by Mathys and 

colleagues, an overrepresentation of female cells in AD-associated 

subpopulations, and substantially diff erent transcriptional responses 

between sexes in multiple cell types, including oligodendrocytes 

[40]. Th us, the signifi cant elevation of D-ribose levels also suggests 

the diff erence in the metabolism of D-ribose in female AD patients. 

Whether endogenous D-ribose could be selectively used for women 

with AD needs further clarifying.

Th er e  is more than one diagnostic criterion for AD, such as the 

National Institute on Aging and Alzheimer’s Association (NIA-AA) 

criteria, the NINCDS-ADRDA criteria, the International Working 

Group (IWG) criteria, and so on. Th eir core points are consistent. 

Th ere is lack of evidence of comparison of these criteria. We choose 

the NINCDS-ADRDA criteria which are most frequently used and 

best understood by Chinese clinicians according to the condition 

of the research settings to ensure the accuracy of the diagnosis. Due 

to the limitation of numbers of participants and diff erence of age 

distribution, further investigation with a larger population is needed 

to validate the diagnostic value of D-ribose in AD.

As reported by Takeuchi and co-workers, one of the patho-

mechanisms of diabetes linked with AD is the non-enzymatic 

glycation [6]. Approximately 79.85% diabetic patients suff ered 

from higher levels of serum D-ribose compared with the cognitively 

normal participants [31]. For diabetic AD patients, we suggested the 

intervention with their cognition as well as sugar metabolism [41]. It 

has been shown that suppression of Advanced Glycation End Products 

(AGEs) can prevent diabetes associated cognitive impairment in rat 

[42]. Massimo and colleagues found an association between diabetes 

and an approximately 65% reduction in risk of fast progression in AD 

[43]. It is possible that the better prognosis of the diabetic AD patients 

might be linked to the reduction of diabetes or AGEs [44]. Th is is to 

say, to regulate the metabolism of sugars (D-glucose and D-ribose) 

may be an adjuvant therapy for the diabetic AD patients.

In conclusion, D-ribose levels of AD patients were signifi cantly 

elevated compared with those of age-matched cognitively normal 

control. AD patients suff ered from high levels of urine D-ribose, 

especially in female AD patients. Th ese data suggested that D-ribose 

can be used as a potential biomarker for age-related dementia, 

and that provides a clue to study the relation between D-ribose 

dysmetabolism and AD
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