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[ Abstract] Objective To investigate the value of surface-enhanced Raman spectroscopy (SERS) of peripheral erythrocytes in the
diagnosis of geriatric cognitive disorder. Methods A total of 62 patients (aged >65 years) in the Department of Geriatrics of the Sixth
People’s Hospital recieved neuropsychological and clinical assessment. Accordingly, they were divided into normal control ( NC)
group, mild cognitive impairment (MCI) group, and Alzheimer disease ( AD) group. The baseline characteristics were collected and
recorded. SERS was performed for erythrocytes. A fifth-order polynomial fitting algorithm was employed to process and extract effective
SERS data, linear discriminant method to build a data model, and receiver operating characteristic curve to examine diagnostic value.
Results Differences between groups were observed in the SERS of erythrocytes. Discriminant model for NC and AD groups can
accuratly distinguish 71. 8% patients with a sensitivity of 91. 3% and specificity of 56. 2%, discriminant model for NC and MCI groups
can distinguish 58. 7% patients with a sensitivity of 56. 5% and specificity of 73.9% , and discriminant model for AD and MCI groups
can accuratly distinguish 61. 5% patients with a sensitivity of 75. 0% and specificity of 65.2%. Conclusion SERS of erythrocytes
proves to be of diagnostic value for cognitive impairment, inspiring the research on pathophysiology of erythrocytes in AD.
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Table 1 Baseline characteristics of all subjects

Item NC group (n=23) MCI group (n=23) AD group (n=16) Statistics P value
Age(years, xs) 81.65+5. 80 84.83+4.76 86.00+3. 54 F=0.189 0.829
Gender (female/male, n) 6/17 6/17 4/12 X% =0.095 1. 000
Schooling duration ( years, x+s) 14.83+2. 64 13.65+3.70 11.56+4.87 F=0.096 0.909
HTN[n(%) ] 18(78.3) 20(87.0) 14(87.5) X*=0. 829 0.749
DM[n(%) ] 4(17.4) 9(39.1) 6(37.5) X*=3.034 0.267
CHD[n(%) ] 12(52.2) 13(56.5) 11(68.8) X*=1.101 0.582
Dyslipidemia[ n( %) ] 10(43.5) 7(30.4) 7(43.8) X*=1.056 0.673

NC: normal control; MCI: mild cognitive impairment; AD: Alzheimer disease; HTN: hypertension; DM diabetes mellitus; CHD; coronary heart disease.
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Table 2 Comparison of laboratory indices between 3 groups (xs)

Variances NC group (n=23) MCI group (n=23) AD group (n=16) F P value
WBC(XIOQ/L) 5.77+1.70 4.96+1.26 5.96+1.74 2.397 0. 100
HGB(g/L) 126.78+13. 64 126.04+11.59 123. 81+14. 88 0.246 0.782
MCV (fl) 92.43+5.02 93.08+4. 36 91.33+5.80 0.576 0. 565
MCH( pg) 30.40+1. 68 33.39+13. 17 29.93+2.15 1.112 0.336
MCHC(g/L) 316.20+62.91 316.06+63. 15 328.06+10. 63 0.282 0.755
RDW (%) 13.23+1. 12 13.32+0.48 13.74+0.77 1.934 0. 154
Het( %) 38.55+3.82 38.32+3.59 37.64+4.51 0. 261 0.771

NC: normal control; MCI; mild cognitive impairment; AD: Alzheimer disease; WBC: white blood count; HGB: hemoglobin; MCV: mean corpuscular

volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; RDW : red cell distribution width; Het: hematocrit.
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Figure 1 SERS of erythrocytes for groups

SERS: surface-enhanced Raman spectroscopy; NC: normal control; AD: Alzheimer disease; MCI: mild cognitive impairment.
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Table 3 Major SERS bands and assignments of corresponding vibrational band

Ramanshift( 1/cm) Vibration model

Major assignments

479.7 v12 Porphyrin ring

719.8 3(C00-) Globin, cellular constituent( amino acids)

1126.8 = CQ\,i"y] H,v( CB,,,,‘,”W] ),v(C-N) Heme, porphyrin ring, pyrrole ring, lipid

1219.0 3(CmH) Porphyrin ring

1334.1 v( Py itring ) asymd(CH), w(CHy) Porphyrin ring, cellular constituent ( proteins)

1582.4 v(C,C,,)asym,v37 Heme, porphyrin ring, cellular constituent( phenylalanine , tyrosine)

SERS: surface-enhanced Raman spectroscopy; v: stretching vibration; 8: bending vibration; w: rocking vibrations.
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Table 4  Discriminant results of erythrocyte SERS data for different paired groups

Ttem NC group vs AD group

NC group vs MCI group AD group vs MCI group

Canonical discriminant function

y) =3.053x,-5.432
Y, = 14.740x, -12. 352
Yy =25. 846x, -25. 465

Fisher discriminant function

¥, =3.672x,-6. 730
Yy =17.861x,-17. 813
Y,, =24. 645x,-13. 578

y3=4.855x,-4.588
Yo =23. 579x,-21. 310
Y e =20. 622x,-9. 715

Correct recognition rate 71.8% 58.7% 61.5%
P value 0.003 0.042 0.015
NC: normal control; AD: Alzheimer disease; MCI: mild cognitive impairment.
RS5 AHEMKEISEH L ROCKREER
Table 5 Results of ROC test for erythrocyte spectrum

Paired group AUC 95%CI Sensitivity Specificity
NC vs AD 0.791 0.650-0. 932 91.3% 56.2%
NC »s MCI 0. 654 0.495-0. 814 56.5% 73.9%
AD vs MCI 0.717 0.551-0. 884 75.0% 65.2%

ROC; receiver operating characteristic; SERS; surface-enhanced Raman spectroscopy; NC: normal control; AD: Alzheimer disease; MCI:; mild cognitive

impairment.
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Figure 2 Receiver operating characteristic curve of y value for paired groups
A: NC group vs AD group; B: NC group vs MCI group; C: MCI group vs AD group. NC: normal control;
AD: Alzheimer disease; MCI: mild cognitive impairment.
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