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Association between serum vitamin D level and risk of cardio-renal-
metabolic disease progression: evidence from a large prospective
UK Biobank cohort
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('Shanghai Institute of Infectious Disease and Biosecurity, Fudan University, Shanghai 200032, China;
*Department of Biostatistics , School of Public Health, Fudan University, Shanghai 200032, China)

[ Abstract] Objective To evaluate the association between baseline serum vitamin D levels and the
occurrence, progression, and mortality risk of cardio-renal-metabolic disease (CRMD) , and to explore the
modifying effect of population characteristics. Methods Based on a prospective cohort study of 377 861
participants free of CRMD at baseline from the UK Biobank, the Cox model and a multi-state model
(MSM) were used to analyze the associations between serum vitamin D levels and the risk of first CRMD
(FCRMD) , cardio-renal-metabolic multimorbidity (CRMM) , and death. In addition, restricted cubic
spline and stratified analyses were conducted. Results A total of 64 804 FCRMD events and 15 725
CRMM events were observed. The Cox model showed that both insufficient and deficient serum vitamin D
levels significantly increased the risk of FCRMD, CRMM, and death. The risk of CRMM was the highest
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in the serum vitamin D deficiency group (HR=1.29, 95%CI: 1.24-1.35). The MSM indicated that
deficient serum vitamin D level increased the risk of progression from FCRMD to CRMM by 13% and the
risk of death after CRMD by more than 21%, and its association was most significant on cardiovascular
disease and type 2 diabetes pathways. Serum vitamin D concentration was associated with CRMD risk in a
U-shaped pattern, with the lowest point approximately at 50 nmol/L. Stratified analysis indicated that the
risk of occurrence and progression of CRMD was significantly higher in obese individuals and those with
low socioeconomic status. Conclusion Low serum vitamin D levels were significantly associated with an
increased risk of CRMD occurrence and progression, and the association was more pronounced in obese
and low socioeconomic status populations. Maintaining an appropriate serum vitamin D level may help
prevent the occurrence and progression of CRMD.

[Key words] cardio-renal-metabolic disease (CRMD) ;

vitamin D; multi-state model (MSM )
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Participants in analysis
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Fig 1 Flowchart of study participants
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Tab 1 Baseline characteristics of study participants by incident disease states [n(%) orz*5]
_ Chomeesi  NoCRMD(r=2973%2)  FCRMDO6is)  CRMM(no15725)
Age (y) 54.95+8.1 59.67 +7.1 61.58+ 6.4
Sex
Female 170 858 (57.5) 28 454 (43.9) 6192 (39.4)
Male 126 474 (42.5) 36350 (56.1) 9533 (60.6)
Race
Others 21123 (7.1) 4735 (7.3) 1452 (9.2)
White 276 209 (92.9) 60 069 (92.7) 14273 (90.8)
Education

No qualification
Any other qualifications
College or university degree
Townsend deprivation index
BMI
<18.5
[18.5-25.0)
[25.0-30.0)
=30.0
Physical activity
Inadequate
Enough
Dietary pattern
Unhealthy
Healthy
Alcohol intake status
Never
Previous
Current
Smoking status
Never
Previous
Current
Hypertension history
No
Yes

Time spent outdoors in summer (h/day)

Time spent outdoors in winter (h/day)

Sun screen use
Never/less frequent
Most of times/always

Baseline vitamin D status
Sufficient
Insufficient

Deficient

37 614 (12.7)
150 531 (50.6)
109 187 (36.7)
-1.52%2.95

1678 (0.6)
111297 (37.4)
12 6721 (42.6)

57 636 (19.4)

59 509 (20.0)
237 823 (80.0)

287 249 (96.6)
10 083 (3.4)

10 298 (3.5)
8443 (2.8)
278 591 (93.7)

172 401 (58.0)
96 607 (32.5)
28324 (9.5)

232979 (78.4)
64 353 (21.6)
3.66 = 2.34
1.87+1.75

88277 (29.7)
209 055 (70.3)

137 450 (46.2)
101 956 (34.3)
57 926 (19.5)

14 275 (22.0)
32322 (49.9)
18207 (28.1)
-1.29%3.10

262 (0.4)
16 115 (24.9)
28 314 (43.7)
20113 (31.0)

15 081 (23.3)
49 723 (76.7)

62 771 (96.9)
2033 (3.1)

2788 (4.3)
2635 (4.1)
59 381 (91.6)

31759 (49.0)
25157 (38.8)
7 888 (12.2)

38 144 (58.9)
26 660 (41.1)
4.09+2.47
2.16+1.92

20 724 (32.0)
44 080 (68.0)

29 173 (45.0)
22180 (34.2)
13 451 (20.8)

4786 (30.4)
7523 (47.8)
3416 (21.7)
—0.84%3.29

33 (0.2)
2169 (13.8)
6155 (39.1)
7368 (46.9)

4455 (28.3)
11270 (71.7)

15270 (97.1)
455 (2.9)

983 (6.3)
883 (5.6)
13 859 (88.1)

6668 (42.4)
6864 (43.7)
2193 (13.9)

6299 (40.1)
9426 (59.9)
4.30%2.56
2.2942.03

5390 (34.3)
10 335 (65.7)

6334 (40.3)
5541 (35.2)
3850 (24.5)
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T2D %A UK 1 OCHE fe ol . % (HR=1.47,9520CL: ¥k & 5 CRMD K& A KUK & 4 2 M i U AL ¢ K
1.43~1.52) , KBS CKD B AR A G IH% K (P pae=<0.001) , 5 R X R A9 135 25(OH) D #¢
B BRENE S RS R (I 2) o S 4R D 4N 50 nmol/L.
F2 EEMBFLERD SEEROCEREERR OB R HHEIE T XK KB Cox A 24
Tab 2 Associations of baseline serum vitamin D and the risks of first cardio-renal-metabolic disease, cardio-renal-metabolic

multimorbidity and death using the Cox model [2(%) or HR(95%CI) ]

FCRMD 27721 (20.36)  1.12(1.10, 1.14) 1.04 (1.03, 1.06) 17 301 (22.47) 1.32 (1.29, 1.34) 1.13 (1.11, 1.16)
CRMM 5541 (3.71) 1.27 (1.23, 1.32) 1.11 (1.07, 1.15) 3850 (4.52) 1.70 (1.63, 1.77) 1.29 (1.24, 1.35)
Death 9 068 (5.98) 1.14 (1.10, 1.17) 1.09 (1.06, 1.12) 6436 (7.42) 1.57 (1.52, 1.62) 1.37 (1.33, 1.41)
CVD 20511 (14.58)  1.06 (1.04, 1.08) 1.01 (1.00, 1.03) 12218 (15.22) 1.21 (1.18, 1.23) 1.08 (1.06, 1.11)
T2D 8768 (5.99) 1.46 (1.42, 1.51) 1.23 (1.19, 1.27) 6775 (8.19) 2.02 (1.95, 2.08) 1.47 (1.43, 1.52)
CKD 4715 (3.15) 1.04 (1.00, 1.08) 0.95 (0.91, 0.98) 2733 (3.19) 1.18 (1.12, 1.23) 0.98 (0.93, 1.02)

“Rate per 1 000 person-years; "Adjusted for age, sex, race; ‘Further adjusted for education, Townsend deprivation index, BMI, smoking

status, drinking status, time spent outdoors in summer or winter, sun screen/UV protection use.

FCRMD [~ CRMM
181 poe 0,000 1 1.8 Pyeran==0.000 1
REIIRE -‘"rm ||mli||eaa'<:"-0-000 1
16} 4 0.015 16} 1 0.015
[ &) @ L] f\;
T4t = Fasf =
= = o Fd
= 40010 F = 1 0.010 2
=1 = (=] B
= 1.2 s S 1.2} 5]
g = E =
R £ m fnd
G0 pERREER-—— - - - - - - - - - - - - S F10-pUBRRER == - - - - - - - - - - - £
3 10005 2 § 1 0.005 &
08t £ Tos £
0.6 1 1 1 1 0 X L L 1 L 0
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L8 Poera™0.000 1
Py ooptinea—0.000 1
]6 - 1 UD]S
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S { 0010 &
g l2F _§
E
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g 4 0.005 2
E £
Tost S
e
0.6

0 50 100 150 200 250 300 350 g
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B2 MREMESFEESTELNE Y%L R DM CRMD 17 8 & M K BX
Fig 2 Dose-response relationship of baseline serum vitamin D concentration and CRMD risk analyzed by restricted cubic spline analysis
miFEHEEZDKFEX CRMD UEHERMR 20 1384(5.4000) 2 T2D H A A B (K 3B)
Mg CRMD ik b & RS 5 &5 8o m ZREBREE R (3R 3) o, 5 FE L M i 4 4k
SR 3R . TER AN A T, 24.25 %0 IS 5 R DEFEREHEMIL, A RLH K FCRMD % AR XU Al
KM T FCRMD;19.53% i FCRMD S & i — B3t CRMM & Az KU 43 51 Tt 5 4 %6 (HR=1.04, 95 % CI:
&} CRMM;24.13% 1) CRMM 2 5 #5381 (B 3A) . 1.02~1.05) F1 6% (HR=1.06, 95%CI: 1.02~1.10) ,
FEF S PR R RN B T, 55 943 61l (15.0000) /& = 3 W 435 T & 1306 (HR: 1.13, 9520 CI: 1.1~
CVDH &mifd] 11 679 %1(3.13%) 7 CKD E AW,  1.15) Fl 1526 (HR=1.15,95%CI:1.10~1.20) . %4k
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Transition 1 Transition 3
Baseline 80 529 (24.25%) | FCRMD 15725(19.53%) | CRMM
(n=377 861) " (#=80 529) | (n=15 725)

G Transition 5

Transition 4 i

9 683 (12.02%) 3795 (24.13%)
A
- Death
Transition 2 (n=27 144)
14214 (3.76%)
B Transition 1 Transition 4
Baseline |33 943 (15.00%) cyp 2458 (4.39%) _[Multimorbidity of CVD
(r=373 067) 7| (n=55943) Transition 3 and T2D (n=6 046) Transition 10
Tranisition 2 650 (6.52%), 635 (10.50%)
11679 (3.13%) .
Transition oy
1 465 (12.54% Transmunol
CKD Multimorbidity of CVD| 176 (3.44%) Multimorbidity of CVD,
(n=11 679) “| and CKD (n=5 115) T2D and CKD (n=1 094)
Teansition 3 Transition 7
ransition iti 363 (16.77%
20 138 (5.40%) Trancition £ GoiEy
288 417800%) Transition 12
T2D Multimorbidity of CKD 283 (14.45%)
(1n=20138) Transition 9 " and T2D (n=1 958)

1 595 (7.92%)

A': Transition pattern from baseline to FCRMD, CRMM and death; B: Transition pattern from baseline to specific FCRMD), then to specific
two CRMM, and ultimately to three CRMM.

E3 CRMDYRHERETREFSEEHNERT AL
Fig3 Numbers and percentages of participants in longitudinal CRMD progression

(8:%3)

MLIE4EA4E R D = 8 i E 1 FCRMD 26T (HR=
1.21,95%CIl: 1.14~1.27) 2 CRMM Z %€ 7= (HR=
1.24,95%CI:1.13~1.36) B X & . £ T4 5 45

REFWEEE -3 EWRESESTER, HE Baseline>CKD 0.88 (0.83, 0.93)  0.85 (0.79, 0.91)
CVD 5 T2D s B i) LB e, CVD— CVD—~CVD+T2D 1.14 (1.04, 1.26)  1.24 (1.11, 1.38)
CVD+T2D: HR (95%CI) =1.24 (1.11~1.38) ; T2D CVD—~CVD+CKD 0.96 (0.88, 1.04)  0.96 (0.86, 1.06)
' ’ T2D—>T2D+CVD 1.04 (0.96, 1.13)  1.15 (1.05, 1.25)
—>T2D+CVD:HR(95%CI)=1.15(1.05~1.25),
T2D—>T2D+CKD 0.90 (0.78, 1.05)  0.83 (0.70, 0.99)
£33 FEESNBFEEZDKESARETELE CKD—CKD+CVD 1.01 (0.89, 1.15)  1.11 (0.94, 1.31)
SRR CKD—>CKD+T2D 1.16 (0.83, 1.63)  1.27 (0.85, 1.88)
Tab 3 Multistate model assessing associations between ?Z§:§ég*CVD+ D O ) | QSR (a6
baseline serum vitamin D levels and different transitions CVD+CKD—=CVD+
THR (95%CD) ] T2D+CKD 1.10 (1.02, 1.19)  1.24 (1.13, 1.35)
CKD+T2D=>CVD+ 0.93(0.83, 1.05)  0.91 (0.79, 1.06)
T2D+CKD ’ DA ’ R

Transition pattern A

Baseline>FCRMD

Baseline—>Death
FCRMD—CRMM
FCRMD—Death
CRMM—Death
Transition pattern B
Baseline>CVD
Baseline>T2D

1.04 (1.02, 1.05)
1.09 (1.05, 1.14)
1.06 (1.02, 1.10)
1.04 (0.99, 1.09)
0.98 (0.90, 1.07)

1.00 (0.98, 1.02)
1.24 (1.19, 1.28)

1.13 (1.11, 1.15)
1.36 (1.30, 1.42)
1.15 (1.10, 1.20)
1.21 (1.14, 1.27)
1.24 (1.13, 1.36)

1.04 (1.01, 1.06)
1.48 (1.42, 1.54)

Baseline>FCRMD
Baseline—>Death
FCRMD—>CRMM
FCRMD—>Death
CRMM—Death

1.04 (1.02, 1.05)
1.10(1.06, 1.14)
1.05(1.01, 1.08)
1.07(1.02, 1.12)
0.99(0.91, 1.07)

Transition pattern A after 5 times of multiple imputation (n=415 322)

1.14 (1.12, 1.16)
1.36(1.30, 1.42)
1.15(1.10, 1.20)
1.22(1.16, 1.28)
1.17(1.08, 1.28)

Adjusted for age, sex, race, education, Townsend deprivation index,

screen/UV protection use.

BMI, hypertension history, smoking status, drinking status, physical

activity , dietary pattern, time spent outdoors in summer or winter, Sun
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4 JEIR T RN 4E A R D K 5 CRMD
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Fig 4 Stratified analyses of the associations between baseline serum vitamin D levels and different state transitions
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