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The relationship between vitamin D levels and glucose and lipid metabolism

in patients with preeclampsia and their correlation in pregnancy outcomes
ZHAO Xiaolei, LIU Junli, HU Xiaomei, SHEN Lili
(Department of Obstetrics , Heping Hospital A ffilated To Changzhi Medical College ,Shanxi Changzhi 046000 ,China)

[Abstract] Objective To explore the relationship between vitamin D level and glucose and lipid metabolism in patients with
preeclampsia (PE) and their relationship in pregnancy outcome. Methods A total of 256 pregnant women with PE admitted to the
Heping Hospital Affiliated to Changzhi Medical College from January 2021 to January 2023 were selected as the study subjects,and
they were divided into normal vitamin D group (n=41) ,vitamin D deficiency group (n=87) and vitamin D deficiency group (n=
128) according to vitamin D levels. The general data, glucose and lipid metabolism levels,and pregnancy outcomes of all pregnant
women were compared. Pregnant women were followed up to delivery,and the pregnancy outcomes of all pregnant women were
observed.evaluated and statistically counted. A hierarchical interaction test was used to analyze the relationship between serum
vitamin D level and glycolipid level. The additive and multiplicative interaction models were used to analyze the risk factors. Results
The weight gain of PE pregnant women in the normal vitamin D group, insufficient group and deficient group increased in
pregnancy, the proportion of hypertension,diabetes and hyperlipidemia increased,and the outdoor activities and daily sun exposure

duration decreased in turn,and the differences were statistically significant (X*/F values ranged from 12.595 to 192.598,P<C0.05).
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The glycemic parameters of vitamin D-deficient group and vitamin D-deficient group were glycosylated hemoglobin ( HbAlc),
fasting blood glucose (FPG), fasting serum insulin (FINS)., mean blood glucose ( MBG) ., standard deviation of blood glucose
(SDBG) , frequency of blood glucose fluctuations (NEGE) ,homeostatic mode assessment of insulin resistance index (HOMA-IR) ,
and blood lipid parameters of total cholesterol (TC). triglyceride (TG) . low-density lipoprotein cholesterol (LDL-C), free fatty
acids (FFA) and apolipoprotein B ( ApoB) were higher than those of the normal vitamin D group,and the HbAlc, MBG, SDBG,
NEGE,FFA,and ApoB levels of the vitamin D deficiency group were higher than those of the vitamin D deficiency group,and the
difference was statistically significant (F values ranged from 2.041 to 14.967, P < 0.05).The results of stratified interaction test
showed that the relationship between serum vitamin D and glucose and lipid metabolism indexes was stable (P jeracion <<0.05).The
incidence of adverse pregnancy outcomes in the normal vitamin D group, vitamin D insufficiency group and vitamin D deficiency
group increased in sequence,and the difference was statistically significant (X* = 74,395, P <C0.001). The incidence of adverse
pregnancy outcomes in PE pregnant women with abnormal glucose and lipid metabolism was higher than that in the normal glucose
and lipid metabolism group, and the difference was statistically significant (X* = 97,480, P <C0.001). The results of additive
interaction model analysis showed that when vitamin D insufficiency and abnormal glucose and lipid metabolism coexisted, the risk
of adverse pregnancy outcomes in pregnant women with PE was 2.206 times higher than that of both normal factors, which was
greater than the sum of the two factors alone,and the results of multiplicative interaction model analysis showed that there was a
multipliative interaction between different vitamin D levels and different glucose and lipid metabolism (OR values ranged from
2.323 to 4.780, P <C0.01). Conclusion Low vitamin D levels in PE patients are associated with abnormal glucose and lipid
metabolism,and the risk of adverse pregnancy outcomes in pregnant women with PE is significantly increased when both are
present.
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Table 1 Comparison of general data among the three groups [ x +s,n(%) ]

i H 4erEFE D IEW 4l (n=41) HerEZE DR R (n=87) Heh K DZ 4 (n=128) X2/F P
ER G 28.35+3.41 28.47+3.45 28.4243.43 0.114 0.909
2 BMI(kg/m?) 23.680.79 23.7340.82 23.7040.80 0.140 0.889
HE W 0.143 1.000
B XL 3(7.32) 6(6.90) 10(7.81)
& 10(24.39) 21(24.14) 29(22.66)
KL B AR 16(39.02) 34(39.08) 50(39.06)
oA LA L 12(29.27) 26(29.89) 39(30.47)
FUEE R 0.570 0.752
I 22(53.66) 46(52.87) 62(48.44)
Vi) 19(46.34) 41(47.13) 66(51.56)
FHERA A (T8 0.416 0.758
<2000 1(2.44) 2(2.30) 4(3.13)
2 000~<C5 000 12(29.27) 26(29.89) 38(29.69)
5 000~1 0000 22(53.66) 48(55.17) 67(52.34)
=10 000 6(14.63) 11(12.64) 19(14.84)
R 0.188 0.910
H 10(24.39) 19(21.84) 31(24.22)
" 31(75.61) 68(78.16) 97(75.78)
W i sl 0.096 0.953
A 6(14.63) 11(12.64) 17(13.28)
J 35(85.37) 76(87.36) 111(86.72)
Zi 138 (kg) 12.044-2.21 15.134:2.29 17.2642.34 12.595 <<0.001
K2/ 4¢/ 9] 0.574 0.751
<2 19(46.34) 45(51.72) 68(53.12)
=2 22(53.66) 42(48.28) 60(46.88)
FER (O 0.031 0.985
<2 20(48.78) 41(47.13) 61(47.66)
=2 21(51.22) 46(52.87) 67(52.34)
ZEJE JED 28.3842.57 28.43+2.62 28.45+2.61 0.150 0.881
2 1R B 0.711 0.701
H 25(60.98) 50(57.47) 69(53.91)
I 16(39.02) 37(42.53) 59(46.09)
TR R 0.001 1.000
H 23(56.10) 49(56.32) 72(56.25)
J 18(43.90) 38(43.68) 56(43.75)
AR IR 0.640 0.726
A 1(2.44) 4(4.60) 7(5.47)
J 40(97.56) 83(95.40) 121(94.53)
o I 5 192.598 <<0.001
H 2(4.88) 39(44.83) 111(86.72)
T 39(95.12) 48(55.17) 17(13.28)
T3
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Y| $: K D IEHHA (n=4D) 44 % DA RA (n=87) HrEHE DELZ 41 (n=128) Xz/F P
Ml PR 5 52.715 <20.001
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P 39(95.12) 45(51.72) 39(30.47)
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AT FR B R TR R 0.086 0.958
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FAMTE E 134.549 <0.001
& 39(95.12) 40(45.98) 3(2.34)
B IR 2(4.88) 47(54.02) 125(97.66)

A H H B (b 2.88+0.51 1.4340.42 1.10+0.41 22.748 <0.001
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Table 2 Comparison of glucose and lipid metabolic parameters under different serum vitamin D levels (x £ )

S FFA ApoB ¥ @ THAZRD AEd . 25 BEAS
S(F HATF 2.041~14.967 =z fa], P<{0.05),

Kt
fefm

$AERDIEFHAM=4D

HARKDARAEHA (=87

HAEZE DELZH(n=128)

F P

IMWE S %
HbAlc( %)
FPG(mmol/L)
FINS(mU/L)
MBG (mmol/L)
SDBG(mmol/L)
NEGE(mmol/L)
HOMA-IR

i Al 2 %4
TC(mmol/L)
TG(mmol/L)
LDL-C(mmol/L)
HDL-C(mmol/L)
FFA(pmol/L)
ApoA(g/L)
ApoB(g/1)

4.5841.13
4.0240.39
8.364+4.12
4.4240.61
1.43£0.37
2.1040.59

1.37£0.42

5.0341.06
2.7441.13
3.0241.11
1.68+0.31
585.364120.57
1.81£0.37

0.7940.13

6.1541.20°
4.4740.51¢
9.89+4.62¢
5.2240.53%
1.80£0.41*
2.6240.56"

1.5640.54*

5.6741.25¢
3.85+1.71*
3.5941.08*
1.48£0.40%
675.491+126.73*
1.8020.40

0.8540.17¢

7.74+1.35%
4.59£0.60°
10.63+£4.71¢
5.8240.49%
2.0140.48%
2.80+0.55%

1.63+0.58%

5.87+1.32¢
4.19+1.87%
3.75+1.06%
1.43£0.45¢
721.89+130.41%
1.794+0.38

0.9140.20%

13.538 <£0.001
5.703 <<0.001
2.765 0.006

14.967 <20.001
7.087 <£0.001
6.968 <20.001

2.041 0.043

3.707 <20.001
4.692 <<0.001
3.794 <£0.001
3.311 0.001
5.938 <20.001
0.295 0.768

3.602 <£0.001
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Table 3 The correlation between serum vitamin D level and glycolipid metabolism level was analyzed by stratified interaction

AR AR B 1 FLT 2
A5 i Pex
B 95%CI P B 95%CI P B 95%CI P

I 6 B
HbAle 2,372 1.314~3.256  <C0.001  2.384  1.319~3.284 0.002 2.435 1.321~3.286  <C0.001  <C0.001
FPG 1.933 1.325~3.034 0.002 1.957  1.336~3.112 0.015 2,016 1.342~3.127 0.010 0.018
FINS 1.821 1.302~3.018 0.009 1.903  1.310~3.047 0.006 1.954 1.322~3.102 0.022 0.021
MBG 1.745  1.201~2.895 0.018 1.762  1.213~2.925 0.028 1.798  1.218~2.967 0.005 0.012
SDBG 1.556 1.217~2.836 0.014 1.589 1.223~2.944 0.004 1.623  1.229~2.982 0.013 0.010
NEGE 1.458  1.134~2.717 0.016 1.525 1.141~2.740 0.011 1.607  1.145~2.761 0.026 0.005
HOMA-IR  1.697  1.183~2.779 0.005 1.721 1.189~2.783 0.003 1.786  1.191~2.825 0.015 0.014

T EEER AN
TC 2.037  1.355~3.376 0.007 2.121 1.357~3.381  <C0.001 2,107 1.342~3.392  <C0.001  <<0.001
TG 2.119 1.345~3.582 0.004 2,138 1.349~3.601 <C0.001 2,123 1.351~3.614 0.001  <<0.001
LDL-C 1.862  1.204~2.783 0.021 1.899 1.211~2.814 0.016 1.974  1.217~2.963 0.002 0.006
HDL-C 1.723 1.112~2.665 0.015 1.767  1.120~2.732 0.027 1.815 1.128~2.758 0.005 0.002
FFA 1.674  1.109~2.759 0.022 1.689 1.115~2.786 0.023 1.681 1.126~2.811 0.017 0.012
ApoB 1.596 1.108~2.681 0.008 1.675 1.124~2.803 0.019 1722 1.130~2.824 0.025 0.015
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B E N Z N ZE Logistic [0 34> #7455 8 iR, 4E 4
2 D AR SRS W IR A PE 2 IH A R
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LHAEME RS AR RS IR B R B
AHRS G R 3,757 (1,348 ~6.157) .32 H.AE FH 48 %k
S 2.486(1.875~10.927) (AR H N 48.92% (4l [FF

x4 AEMFEHER DAKET PEZAM
HIRER G [n( Y1) ]
Table 4 Statistics of pregnancy outcomes in PE pregnant

women with different serum vitamin D levels [n( %) ]

IR A2 HROW T 43 el 58.31% s Z I R 545 1
7N AR FE R H R 3.081(0.432~5.757) A2 HAEH
FeHh 3.187(1.236~24.118) LA K 55.03 % . 4l
PR IH PR 28 HL 0N A 43 R 67.34 %

x5 AEHEEREKET PEZAMTFIRER % [n( %))
Table 5 Statistics of pregnancy outcomes in
PE pregnant women with different levels of

glucose and lipid metabolism [n( %) ]

. . . e 1 10 sl 1 A3
HERS Eﬁii;tfjm ngf:zw ﬁkzﬁtﬁi}i%) SR %HD(TETSEW * *EHT?:%E:’ *
EFMIRBRAER  35(85.3D) 36(41.38) 17(13.28) IEH AR SR AR 55(84.62) 33(17.28)
NRIEPR SR AR 6(14.63) 51(58.62) 111(86.72) AN BT IR SR R 10(15.38) 158(82.72)
U IE 0 2(2.30) 6(4.69) U E 0 20(10.47)
LT R 30 5 SR s 1(2.44) 6(6.70) 11(8.59) S W 3900 PR s 0 75(39.27)
SEWRIAA 1ML 2(4.88) 7(8.05) 12(9.38) T AR 122 10 3(4.62) 11(5.76)
B UIfe 0 6(6.70) 10(7.81) 5 Ty g 5w 0 3(1.57)
Fokit 0 3(3.45) 7(5.47) FoKat b 1(1.54) 2(1.05)
Jif 0 6(6.70) 12(9.38) Jif BB R 0 4(2.10)
i ILF A 0 5(5.75) 11(8.59) hILE 0 2(1.05)
Jif LA K Z R 0 1(1.15) 1€0.78) NI LA Z KR 0 3(1.57)
eIk 0 2(2.30) 6(4.69) Fe Ik i 0 6(3.14)
Fp= 0 1(1.15) 6(4.69) LS 1(1.54) 7(3.66)
EESS 3(7.32) 5(5.75) 10(7.81) HlE 4(6.15) 10(5.24)
7 0 4(4.60) 7(5.47) 7 1(1.54) 7(3.66)
20T P B 18 0 2(2.30) 9(7.03) A T 1 B T8 0 5(2.62)
BEILER 0 0 3(2.34) A L= R 0 3(1.57)
F6 ARAHELEEZEDKESHEERSFERLN PEZARREIREBHWHEMZTEMER (%) ]
Table 6 Additive interaction of different vitamin D levels and glucose and lipid metabolism
on adverse pregnancy outcomes in pregnant women with PE [n( %) ]
44 D K i AR
OR 95%CI P OR 95%CI P
4% D IEH EH# 1 1
#$fAEDIEF L1 1.314 1.115~2.207 <<0.001 1.328 1.137~2.315 <<0.001
iR DAL EH 1.721 1.213~2.529 <<0.001 1.759 1.493~2.884 <<0.001
R DARRE SH 2.120 1.856~3.764 <<0.001 2.206 1.904~3.852 <<0.001
HEFE D IE# 3.556 2.490~5.895 <<0.001 3.693 2.751~5.973 <<0.001
Y ZE D= S 5.892 3.458~7.567 <<0.001 6.014 3.649~17.850 <£0.001

TE B AR VR TI BMILL 2B 2k O™ O B E i A R R A

2T ARHER D KESHEERGEERLX PE

ZEARERE/FHBERZTE(ER S0
e AR 4 A2 38 D RS- A ARSI A 15 60 1 —

FHRBUKLA Logistic [ A o, JH IR 2 R 5
R R VAR DKEA R SEe = Bl 5
ST B OR HAT 1.711~2.757 28, H P<<0.01,
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VAR A 2 D KA R sk = B IR AU 5 A A
Xt PE 2240 RAE YR 45 Ry A 2 s 4E 4 K DI X
BERE AR5 AR R D AN XXM IR AR IR 4k 2k
E D AR HEIRS R AR D ez XA

WHEH 44 R D S X} IR QI 5 5 XA OR
HA T 2.323~4.780 Z i), H P<C0.01, % W A [a] 2
AR D K5 RS i A% B0 22 18] A7 A2 AR S 38 |
TERT L2 7,

R7T AELEZRDXKESHEERGERLN PER2ATRERESNERZTEIER

Table 7

The multipliative interaction between different vitamin D levels and glucose and

lipid metabolism on adverse pregnancy outcomes in pregnant women with PE

HHE ZH#E:
A £ D IKF
OR 95%CI P OR 95%CI P

4i 1k % D K EH 1 1

A 1.684 1.219~3.652 0.003 1.711 1.224~3.736 0.002

= 2.358 1.231~3.984 <£0.001 2.421 1.347~3.995 <£0.001
BERR A EH 1 1

S 2.647 1.580~4.163 <<0.001 2.757 1.633~4.396 <£0.001
#rE 2 D OIEH OB A E 1 1
A4 R D IEF X IR =5 2.435 1.356~4.215 <0.001 2.445 1.360~4.237 <0.001
A4 E DR X HERR A IE # 2.216 1.297~3.986 <0.001 2.323 1.322~4.015 <0.001
AerEF DR X BENR Q5 2.744 1.568~4.127 <0.001 2.789 1.613~4.238 <<0.001
A AR D ez X BRI IE H 3.328 2.121~5.643 <0.001 3.406 2.206~5.741 <0.001
HerE R D Bz R IR A S R 4.602 3.187~6.859 <0.001 4.780 3.215~6.947 <0.001
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