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Abstract

Autoimmune thyroid diseases (AITD) are the most prevalent organ-specific autoim-
mune disorders. Vitamin B12 plays an important role in the proper functioning of the im-
mune system. The aim of this study was therefore to investigate the correlation between

vitamin B12 deficiency and AITD.

A total of 306 patients (aged 18-65 years, mean — 37.6 + 11.3 years) and comprising

87 males and 219 females)were studied retrospectively (observational study).

Patients were divided into groups: with and without vitamin B12 deficiency, and
with and without AITD. Differences between groups were evaluated by Fisher’s exact
test for qualitative variables and by Student’s t-test for quantitative variables. Correla-
tions for quintitative factors were determined by the Pearson correlation coefficient and
for qualitative factors be Spearman correlation analysis. The sensitivity and specificity of

vitamin B12 deficiency for AITD were calculated by ROC analysis.

Results: The vitamin B12 level was significantly lower in patients with AITD (and

200.70+108.84 ) compared to controls (393.41+150.78 p < 0.0001)

Patients with vitamin B12 deficiency were characterized by significantly higher

mean values of anti-TPO (236.60+455.74) compared to controls (39.51+165.57 p < 0.0001).

Vitamin B12 levels were inversely correlated with anti-TPO levels (r = - 0.233, p
< 0.001). Roc analysis of vitamin B12 as a diagnostic test for AITD gave the area under
curve as 0.881 (95%CI: 0.839-0.924), a sensitivity of— 0.947 a specificity of- 0.768, and a
cut off value of — 178.9.

Conclusions: vitamin B12 level correlates significantly with AITD.
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3.4. 33G0oLYdMO X0Mm33OobL 5MEGHM0INbMMO 55350 9d9d0L
dsboLosMYdE 9gdol TgxsLYds

ROMHOLYIOO KX 0M3IZ0L 9EHM0TNENOHO 93500900l Fobsllosmgdwgdol dg-
1301905 Im399wos gbMHowdo 2.

3HOHOWo 2. BsM0LYOOO X0M3IZOL 5EM0BMbMMO ©5350JdJOOL TJmbg 353096¢)9-
00l sdMOSBHMMO0WO FobslosmMYdEgdol J9z35l9ds

B/R 399G M0dNbyco g/x sEmodnbaymo

0553500909d00L 553500939000 Fort
290989 (n-151) (n =155)n (%) or P
n (%) or mean + SD mean + SD
TSH 2.39+1.72 3.80+2.89 -5.15 < 0.0001
D 30¢sdobo 19.04+9.20 16.70+7.64 2.42 0.0161
B12 30¢&9sd0bo 393.41+150.78 200.70+108.84 12.84 < 0.0001

3mBGHOMmsb J9sMgdom 3530963H9d0 AITD-0m bsbosmgdms (s6&o-TPO >
3.2I1U/ml) 8980930 35653936 gdol 3608369m3bo doswowo bsdwswm 8609369 m-
0900m: 56@&0-TPO, TSH, D 30&580b60bs @5 B12 30358060L Lodwmswm 3mbi3963®sgos
0gm Lo®faMbme d06My.

3bM0wo 3. BoMHoLYIMO X 0633w0L 599G M0IM6MOHO 5350 JOYdOL 8Jmbg 3530963 9-
00l 300603600 s YIMYM730990 JobsliosmgdEgdols Tgxsligds

B/X 590M0dY- B/X YOO
Bm6o oo- 3B mMo so-

350090900L 3500909000

F
250999 (n-151)  (n = 155) ort P
n (%) or n (%) or
Mean+SD Mean+SD
2bd3o 36.73+10.80 38.44+11.81 -1.33 0.1860
BMI 31.96+6.18 32.1745.91 -0.31 0.7605
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3069¢03M0
3dJBH™6M900

3w0bozwmeo
6036900

Q55350090900

3396O0BYOOO

X0M330b
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05953530
Q05093HO
3969303580
3MHOLYOOO KO-
33€0L @935
05 3969303580
Lodbvydbg
3969303530
MB0sbMds
3860 3960
13dgbols
©335033>
53MBboggdol
LobLEB)Y

5300
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05306bgg3s
QIOEOMOS

543900900
23960ymdo

29BMH©Owo
35393H0B0

D 30¢530bols
©IBOGOOO

©OogNHBNOO
Boyzo

303mm0Mgmbo

B12 30&9dobols
IBOGEOAO

17.46+6.39

37 (24.50)

43 (28.48)

47 (31.13)

81 (53.64)

45 (29.80)
66 (43.71)
46 (30.46)

27 (17.88)

58 (38.41)

37 (24.50)
65 (43.05)
51 (33.77)

96 (63.58)

121 (80.13)

13 (8.61)

10 (6.62)
6 (3.97)

17.37+6.93

50 (32.26)

43 (27.74)

42 (27.10)

69 (44.52)

45 (29.03)
65 (41.94)
65 (41.94)

43 (27.74)

70 (45.16)

68 (43.87)
104 (67.10)
95 (61.29)

91 (58.71)

140 (90.32)

29 (18.71)

46 (29.68)
126 (81.29)

0.11

2.26

0.02

0.41

2.55

0.02
0.10
4.39

4.25

1.43

13.19
18.88
24.95

0.76

6.42

6.69

29.65

473.82

0.9098

0.1336

0.8868

0.5245

0.1111

0.8831
0.7549
0.0370

0.0402

0.2327

0.0003

0.3843

0.0118

0.0102

< 0.0001
< 0.0001

< 0.0001
< 0.0001

AITD-m5b 9905609300 3530963900 bollosmqdms (56@0-TPO > 3.21U/ml) d90-

0930 BoJAHMMYd0L 36033690 m3bs dswsero LobdoMom: ™ol 33965, 93H3M93500

RMBbowgd0, 153060b3935, BMYsO LoLbLEY, FoBYYMdIOL (335egdsEMdS, D 30@sd0-

bol ©98030G0, OBWHBMOO Bog30, 303MmM0MIMDO, 303sd0b B12-0b gxoi30G0.
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3.5. @sdmM3GH Mmoo Jsbsbosmgdmgdol 9ggxsLigds

B12 3o®s30bol @ggogo@olb omOml

B12 30393060l 0gn303030b 06OHmb 30006039960 s odm®s@m®ommo dmbs3g-

9900 dm399os 4.1 3bMowdo.

3bMowo 4.1. 300060399600 5 WIBMOSEHMMOHO0Eo dmboEgdgdol dgxisligds B12 3o@sdo-

6ol gxo30GOL ML
Without
B12 vitamin
N (%) or mean
+SD
bdqbo Joeo 40 (23.00)
3b530 36.97+10.99
BMI 32.33+6.08
3969303160  BOOLYOMO XOM-
3odBHMEgo0 330l ss359- 55 (31.61)
05 3969303500
3obozmemo
BodB0Bo MB0sbMds 50 (28.74)
3860 3960 71 (40.80)
13960l o39Ma3> 52 (29.89)
a®Bbogols
bobemsrg 31 (17.82)
5300 330300 5(33.91)
5306mbgg39 47 (27.01)
QIVEOLMOS 78 (44.83
99960000 59 (33.91)
371690
3obMowo dos 111 (63.79)
Q59350099900 D 3053060l 139 (79.89)
©IBOGOOO
3396OBYOOO
X0M330b
S Bm0BBGO 29 (16.67
Q953590

B12 Vitamin

Deficiency

N (%) or
mean+SD

47 (35.61)
38.42111.73
31.7145.98

34 (25.76)

40 (30.30)

60 (45.45)
59 (44.70)

39 (29.55)

69 (52.27)
58 (43.94)
91 (68.94)

87 (65.91)
76 (57.58)

122 (92.42

126 (95.45)

Fort

5.95
-1.12
0.88

0.84

0.09

0.66
7.25

5.93

10.70
9.79
18.61

34.04

1.22

9.64

473.82

P

0.0153
0.2697
0.3787

0.3597

0.7666

0.4172
0.0075

0.0155

0.0012
0.0019
< 0.000

< 0.000

0.2707

0.0021

< 0.000

1

1

1
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QOgYHYOO 16 (9.20) 26 (19.70) 7.11 0.0081

Boyzo

30300006MHgMmbo 16 (9.20) 40 (30.30) 23.97 < 0.0001
AITD 35 (20.11 125 (94.70) 366.95  <0.0001
TSH (8¢w/e») 3.43+10.24 5.13+8.83 -1.56 0.1196
36¢3o-TPO 39.51+165.57 236.60+455.74  -5.27 < 0.0001
30¢530bo D 19.13+9.38 16.18+6.90 3.04 0.0026
3396HOBYOOO

X 06330l 17.41+6.51 17.42+6.87 -0.02 0.9853
I EMMdS

B12 ©9830303H0L O™ 3530963980 bollosmgdm©bgb 998w0gao Bodd™mMgdol
LSOFIMbME FoLsEro LobdoMom: Mol (33969, BH3M9395000 FORBOW YOO, Mo30L 3H3030-
WO, M53060H3935, DM LOLMLEY, A96HYMdOL (335¢9gd5MdY, D 30Esdobols gz0-
30&0, AITD, 0oxnB&mo Boyzo, 303mmomgmnbo, s6¢o-TPO. < 3.2 lg/dw).

53 999b905 dMMSEGHMO0ME 3565d9GMIOL, 3MBEHOMM™MIb F9gsMgdom, 3530-
96990 B12 30359060l ©0953030EG00 bsllosmgdms 99990 356053936900l 9603-
369w m3bs@ oo bsdMsem 36083690 mdgd00: 56E0-TPO, D 303530b0L Lodmowrm
3M6396GGs305 L3MBGHOMWM XQMBMID F9sMgd0m d9d30M9gdol F0MbgEIZSI© 0Ym
Bm®dol gomyerqddo.

gbGowo 4.2-do: B12 30&s3060L 36H:mabmbmwo 9609369¢mds sv@modnbméo
00609M0OEOL MZ5ebsbBOHOLO.

3MO9530M3s 5650 Bds 563965, G B12 30353060l gxoio@o 9609369wm-
356 ©9gdom 3O 305805 36E0-TPO-Lmsb.

Stand-
Unstandardized @ ardized 95.0% Confidence
Coefficients Coeffi- Interval for B
Model cients t P

Std. Er- Lower  Upper

B ror Beta Bound @ Bound

1 (Constant) 267.66 39.11 6.84 <0.0001 190.70 344.63

B12 -0.48 0.12 -0.233 -418 <0.0001 -0.71 -0.26

a. Dependent Variable: AITD
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6926900l 5b5¢r0BTs 563965, GMI 30E5d0bo B12 @5 56GH0-TPO 30mb396EHMs:3090L
dmM0ob 93000909 9ds FOHRB0Z0 S OIWIOOMOS.

B12 Ls8mom 8600369wmds Mmamm sdswwos AITD-ob ddmbg 35309639000 o
©9530304H0L baGolbo 860d3bgrm3bs 3mMgEs30sdos bLydoMmoldoMmmo AITD-msb. gl

9(»3039999905 boBL MB35 303H>3060L B12 ©00536mbEG03796 @5 3G:Mmabm B d60d3-
Bgermdsl AITD-bongob.

ROC-565¢00%Bob 890093900 §o6dm©aqbowos osa®masds 10-bg.

QO053Mds 10.

3969303580 Lodbmdbg
ROC Curve
10 e
_|J__
0.8 J/
a, 0.6
2
.E
c
o
0 0.4
0.29 JJ
oo T T T T
oo 0.2 04 0.6 0.8 1.0
1 - Specificity
Diagonal segments are produced by ties.

Area Under the Curve

Test Result Variable (s): B12 go@&sdobo
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Asymptotic 95% Confidence
Asymptotic
Area Std. Error® Sig Interval
ig.
Lower Bound Upper Bound

0.881 0.022 < 0.001 0.839 0.924

360l 4398 5OLYdIO BoOMMMBO SHEML 5MOL 1-mob; gl sG0L 30@Hs80bo B12-0l
©0526mBEH03mM0 36033690 MmdOL 3093 gOMOo 3E 3030w gds AITD-bongol. B 30¢)s-
dobob BHgbGoL obsbosMGOWYdO FoboLEBM3EMSs ROC-36HIOm (©O0syMTs 1). 080 539~
BL AM36MBGEMBOL oo 360369 ML — 0, 947 s LodMsm 139303303OMBSL — 0,
768, B 30&530b0l BM360meo d603369mds = 178, 9.

B3960 33093000 OILEHYIOYOLIC0, O™ 0019 B12 30353060l 30b396GHMsi300 178,
9-%9 6539009, gl doMomMgdL AITD-0b 950m3e0b9dsHg Fo0owro TgMHdbmdgermdoms
Q5 1LYFMOEM B3Y(30580300.

4.3 3bMowdo dm39980s 3MMHgEs30900 B12 30358060L 0953030@Bs @ 3ewobo-
3910-53MO5GH MO0 FoboboSMGOWgOL JmMoU.

B12
-.113
.045
314
-.066
.246
314
-.018
.756
314
.037
518
314

-

sbd30

=N~

-

Lodsweng LA

=N~

=

Hmbo 33

=N~

-

BMI (18.5 — 24.9 6635, 24.9 — 29.9 35600 fmbs, > 29.9
Lodlwdbg)

=N~
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.007
907
306
79
-.034
.550
314
.084
155
286
-.225"
.000
313
1727
.002
308
.021
714
314

-

fowo

=R =R -

-

TSH (0.3-4.0mlu/l)

= B~

=

FT4 (0.82-1.63 ng/dl)

=N~

-

56¢&0-TPO ( < 3.2iu/ml)

= B~

-

D 30&9d0bo (8.9-44.7) bL530Bbg 3mb3396¢ G300 >30

=N~

-

B.X. ImE3mds (bem@™ds dg. 8-18 s96. 8-25)

Z

3.6. D 30 53060L 3530060 599&0INbYG moMgmooBH»sb

AITD-000 55350090 3530969080 500b60890s> D 30¢sd0bol 8609369wm-
3650 o050 mbg. D 303)53060L ©950E0E0 M3930060©JdMOs SBEH0MOMmIMOo
36&0lbYMgdol sOBYdIMBL S BoMHOLYOOO X 0M33¢0l s6MTSMG 73mbd30MboMmgd.
35000m@EMb 00MgM0OE0 SLME0M©IYds D 30393060L gx030GH™B. 30Esdobo D ;o
09653059 FgLodeErmd 25Mm00Mb III0M0 JBJJBHO BIOOLIIMO K0M3IZEOL 59)EHMO-
dMbMOH0 553500909008 F080bsMYMdST0. D 30398060L 3939059 AITD-do dgodeng-
05 LoboMRygdEM 253wqbs BMIBEOBML 5350900l F0dObIMGMBIBY B3 IBHI0ELIdS
TPO-Ab @o@®mgdol 360d3bgmgzsbo 89330609000m.

33930L J0Bsb0s 3MMGS300L IAIBs 303060 D-b IROEOGHLY S FoMO-
19gdMO X0M3IZLOL 59E™M0TMBYE 935090 JIL TMMOL (OOPMSTs 11).
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QO053Msds 11.

ROC Curve
1.0

o A/
05 //7

0.2 | /_/ //

0.0 T T T
o0 0.2 04 0& 08 1.0

1 - Specificity

Sensitivity
N

Diagonal segments are produced by ties.

Area Under the Curve

Test Result Variable (s): D go@sdobo (8.9-44.7)

Asymptotic 95% Confidence

Area Std. Error® Asy;ril :,: totlc Interval
. Lower Bound Upper Bound
567 033 .042 503 .631

The test result variable (s): D 30&s3060 (8.9-44.7) 1Lo80Bbg 36396305 >30 has at least
one tie between the positive actual state group and the negative actual state group. Statistics
may be biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

D 303580b60b 306396369305, OMame 3 Bo0sabmBG03m BHLE0, o8m™mBI35 dS-
0 Bs0sABMLE03Mm 0MYOgdOm.
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4. 356bomgs

30¢9d0bo B12 ©9n030@0 sbmEo6Mgds 39d5¢Mm@wmaon®, 613OMEMYy0MM ©s
BLOJosGHG0ME AdM30b69gdGdMD s Y39 FoMTMOEAIBL Fs3Or™mEoGH Mo s6gdools
Logemm JoBgbBL. 30¢sd0bo B12 ©gnoio@ol bgzdmwmyor®mo 99093900 dmoEogh
356M9LmMgBosL s 39MH07IO0 BJOOMI>005L.

3035d0bo B12 ©gn030@&0 51939 sbmE0M©Y0s BLOJ0SEGHMOME IMPZ)390mMb, dgb-
LogMYOOL 9d39009dLMD, A9NOB0BYIOIEMBLMD, ©I3MIYGLBOLMD, ©YIYBEOLI6

@5 0030005 BLOJMDMB [120]. goMs 5dobs, 30EHsdobo B12 qi03o@o sbmoMgds:
13MBboEgd0oL 33369350 MdLMSD, FgblogMgdol oJ390009d5Ls S LoLLE LMD [121].

30¢9dobo B12 ©gzo3go@o 51939 sbmEo®gds dgblogMgdol (3360w gd90msb,
53697 MBsLMIb s BLoJMWMAOMEO 3OMdWYIGOMb [122]. 39605 33c0g358 5B39-
Bs, ™3 30@s90b6o B12 gxogo@o 360d369emm3zbs sbmao®gds dob (33965Lmsb,
73ORbogdol 33369350 MdLML, Mog30l 33030 msb, LoLYLEHJLMD, 2obfgmdols
3359050 Md5LMsb, AITD-05b s 303mm0MHIMBOLMSE.

30353060 B12 ©@s D 30399060l ©gx303030 sLmE060©gds 599G ™odmbaé 3o03m-
000gMDoLMb I MOOHYNTFOMIE SOOL V353800900 56EHO-TPO s6E0LbgMwgd-
056 AITD 35309639080 [123].

3653 3do 25 (OH) D 3006900690l 5306093600 X 063300l 5@ mMmodMbwye s93509-
09305b, 0iY3g OMAMOE b3 3MEBHM0TNEME 3O M3gLYdMB. [124]. Lbgs 8330390 gdg-
00 51939 3905 ™dY6, MM D 30353060l gn0E0EH0 SbMEoM©Yds AITD-msb [125].

B39635 33009358 9839b5, O™ 56EH0-TPO L5dsem mbg 8603369em3bs goobotrs
B12 30353060 09803030l 9Jmby 35309639030 30bGHOM@msb dgamgdoom. »HBImby
3)3mBoL MbY S15939 350EGOO 0yM 1533093 X AIRT0, 5650 MRS bMEOTSEME
©0535BMbTo. sbsemyoMs, B12 30398060l gxz030GH0L ddmbg 35309639080 G3060L
5 D 30359060l Lodmsmm mbg “MR®™ 350 0gm, 3006 3mbGHMMET0, JogMsd To-
063 6m®3ol oM gddo. B39y 33009350 sliggg 9B3965, ™A 30ESd0bo B12 gxo3030
9600836903650 0ym ©5353806:9090: D 30@530b0b 0953030396, 563)0-TPO (>3.2 g/
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), ©oxYHBMOHo Boyz0, 303mM0MHIMBo, MIoL (33965, IB3M3500 BOBbowgd0, Moz30l
H303000, M5306MH3939, DO LOLYLEG S FIbFYMOOL 335eGdSMDS.

D 30353060l ©0958030E0 5009 sLmE0MIdMEs 3690s-256(94mdol (335cgdsm-
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