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. We aimed to evaluate the prospective association of vitamin B5 with all-cause mortal-
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ity and explore its potential modifiers in Chinese adults with hypertension. A nested,
case-control study was conducted in the China Stroke Primary Prevention Trial, includ-
ing 505 deaths of all causes and 505 matched controls. The median follow-up duration
was 4.5 years. The primary outcome measure in this investigation was all-cause
mortality, which encompassed deaths for any reason. The mean plasma vitamin B5
concentration for cases (43.7 ng/mL) was higher than that in controls (40.9 ng/mL)
(p = .001). When vitamin B5 was further assessed as quintiles, compared with the
reference group (Q1: < 33.0 ng/mL), the risk of all-cause mortality increased by 29%
(OR =1.29,95% Cl: 0.83-2.01) in Q2, 22% (OR = 1.22, 95% CI: 0.77-1.94) in Q3, 62%
(OR = 1.62, 95% Cl: 1.00-2.62) in Q4, and 77% (OR = 1.77, 95% Cl: 1.06-2.95) in Q5.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. The Journal of Clinical Hypertension published by Wiley Periodicals LLC.

J Clin Hypertens. 2022;24:945-954, wileyonlinelibrary.com/journal/jch 945


https://orcid.org/0000-0001-8574-2633
https://orcid.org/0000-0002-4605-056X
mailto:duanyong7@139.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/jch

* | WILEY

HONGET AL.

KEYWORDS

1 | INTRODUCTION

Vitamin B5, also known as pantothenic acid, is a water-soluble vita-
min found in various plant- and animal-based foods.! Vitamin B5 can
be measured in human blood and urine and is vital for maintaining
health as it is a precursor to coenzyme A (CoA),2 which is required
for metabolic reactions in humans such as the Krebs cycle, fatty acid
metabolism, and oxidation.

The importance of vitamin B5 as a precursor of CoA in cellular
metabolism is unquestionable.® However, epidemiological research on
vitamin B5, specifically on the connection between vitamin B5 and
death, is scant. Vitamin B5 has been associated with lipid metabolism,*
inflammation,” insulin resistance (IR),® cognitive dysfunction,” and
cancer,8 although the mechanisms behind these associations remain
unknown. According to the available research, vitamin B5 may be a
double-edged sword. Numerous studies have demonstrated a linkage
between vitamin B5 and C reactive protein (CRP) levels? and an inverse
correlation between low density lipo-protein cholesterol (LDL-C) and
triglyceride (TG) levels,10 although the underlying mechanisms remain
unexplained. On the other hand, vitamin B5 characterizes chronic
inflammatory processes. Recent studies have shown that Vanin-1
cleaves pantetheine into vitamin B5 and cysteamine, the latter of which
increases inflammation.” A case-control study also noted that serum
vitamin B5 levels were significantly higher in type 2 diabetes melli-
tus (T2DM) patients with higher body mass index (BMI), which may
be associated with IR.1112 |n addition, in neurodegenerative disease,
studies have indicated that circulating levels of vitamin B5 were higher
among those participants who had greater odds of cognitive decline
over a 12-year follow-up.” Vitamin B5 intake may be associated with
increased cerebral amyloid-b peptide (Af) burden in patients with cog-
nitive impairment.’3 Additionally, a 12-month prospective study found
a significant association between increased levels of vitamin B5 intake
and increased rates of genome damage,'* a biomarker for higher can-
cer risk. Thus, available evidence suggests that vitamin B5 may be
detrimental or beneficial depending on the disease and the patho-
physiological processes involved, emphasizing the critical importance
of determining the optimal range of vitamin B5 levels among patients

The trend test was significant (p = .022). When Q4-Q5 were combined, a significant
41% increment (OR = 1.41, 95% Cl: 1.03-1.95) in all-cause death risk was found com-
pared with Q1-Q3. The adverse effects were more pronounced in those with normal
folate levels (p-interaction = .019) and older people (p-interaction = .037). This study
suggests that higher baseline levels of plasma vitamin B5 are a risk factor for all-cause
mortality among Chinese patients with hypertension, especially among older adults
and those with adequate folate levels. The findings, if confirmed, may inform novel
clinical and nutritional guidelines and interventions to optimize vitamin B5 levels.

all-cause mortality, folate, hypertension, pantothenic acid, vitamin B5

of varying conditions in order to maximize its health benefits while
minimizing undue harm.

Hypertension is a severe public health problem with significant
health consequences, including morbidity and mortality.!> However,
no studies have examined the relationship between vitamin B5 and all-
cause mortality in hypertensive individuals. To bridge this research gap,
we sought to evaluate the association of baseline vitamin B5 with all-
cause mortality, and to explore its potential modifiers. To maximize cost
effectiveness, this study used a nested case-control design, identifying
mortality cases and matched controls using data from the China Stroke
Primary Prevention Trial (CSPPT).1¢

2 | METHODS

2.1 | Study population

A nested, case-control study, derived from the CSPPT was conducted.
The original design, protocol, and principal findings of the CSPPT
have been previously reported in detail [17]. Briefly, the CSPPT was
a randomized, double-blind, controlled trial that took place between
May 19, 2008, and August 24, 2013, in 32 communities in China.
Eligible participants were men and women aged 45-75 years with
hypertension, defined as seated, resting systolic blood pressure (SBP)
> 140 mm Hg or diastolic blood pressure (DBP) > 90 mmHg at
both the screening and recruitment visit, or who had recently taken
antihypertensive medication. The key exclusion criteria included a his-
tory of stroke, myocardial infarction (Ml), heart failure, postcoronary
revascularization, and/or congenital heart disease as determined by a
physician.

The CSPPT was registered at ClinicalTrials.gov, with the identifier
NCT00794885. Both the parent CSPPT study and this study were
approved by the Ethics Committee of the Institute of Biomedicine,
Anhui Medical University, Hefei, China (Federal wide Assurance Num-
ber: FWA00001263). All participants provided written, informed

consent.
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2.2 | Intervention and follow-up in the CSPPT

Based on their MTHFR C677 genotype (CC, CT, or TT), a total of 20,702
eligible participants were randomly assigned to a daily, double-blind
treatment of either enalapril 10 mg with folate 0.8 mg or enalapril
10 mg alone. Every three months, participants were asked to partici-
pate in a follow-up visit. Follow-up visits were conducted by qualified
researchers and physicians where vital signs, study drug adherence,
concurrent medication use, adverse events, and possible end point

occurrences, such as stroke and death, were recorded.

2.3 | Study outcomes

The primary outcome in this analysis was all-cause mortality, a prespec-
ified endpoint of the CSPPT. All-cause mortality consisted of any death
(cancer, stroke, etc). Additional evidence for mortality was found in the
form of death certificates provided by hospitals, or through the inves-
tigator’s findings after completion of a follow-up visit. The members
of the Endpoint Adjudication Committee were not informed of par-
ticipant study-group designations when evaluating and ruling on the

research outcomes.

2.4 | Nested case-control study

The enalapril-folic acid group had 302 all-cause fatalities (2.9 %) com-
pared to 320 (3.1 %) in the enalapril group (HR = 0.94; 95% ClI:
0.81-1.10; p = .47) with a median treatment duration of 4.5 years.

A nested, case-control study with 622 deaths and 622 matched con-
trols was developed using data from the CSPPT. All participants from
the CSPPT pool of baseline participants who were still living at the
end of the follow-up period were identified as eligible controls. Eligible
controls were then matched with mortality cases by age (+1 year),
sex, treatment group, and test center. In cases where more than one
matched control was detected, only one control was randomly selected
using a random table, maintaining a 1:1 matched case-control ratio.
Exclusions included 114 participants with missing vitamin B5 data, 12
participants with extreme values and 108 unpaired participants. For
the current analyses, 505 mortality cases and 505 matched controls

were included (Figure 1).

2.5 | Laboratory assays

Baseline morning serum samples were collected from all patients,
following an overnight fast. Serum folate and vitamin B12 were
measured by a commercial laboratory with the use of a chemilumines-
cent immunoassay (New Industrial). Serum trimethylamine-N-oxide
(TMAO) was quantified by stable isotope dilution liquid chromatog-
raphy tandem mass spectrometry (6460 Series Triple Quadrupole
LC/MS; Agilent, CA, USA). Serum total homocysteine (tHcy), fasting

lipids, and glucose concentrations were measured with automatic

20702 Individuals in the CSPPT

Nested Case-control
Case: n=622, Controls: n=622

\/
[~

Excluding 114 individuals
with missing data on VB5

1130 individuals

\/
~~—

Excluding 12 individuals
with extreme values

1118 individuals

\/
~~—

Excluding 108 unpaired /

individuals

1010 individuals
Cases :n =505, Controls : n =505

FIGURE 1 Flow chart of the study participants: a nested
case-control design based on the CSPPT

clinical analyzers (Beckman Coulter) at the core laboratory of the
National Clinical Research Center for Kidney Disease, Nanfang Hos-
pital, Guangzhou, China. Plasma vitamin B5 was measured by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) in the
central laboratory (Shenzhen). Estimated glomerular filtration rate
(eGFR) was calculated using the equation according to the Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI).

2.6 | Statistical analysis

Baseline characteristics were presented as means + standard devi-
ations (SDs) or medians (interquartile ranges, IQRs) for continuous
variables and as proportions for categorical variables. Differences in
baseline characteristics between cases and controls were compared by
chi-square tests for categorical variables and generalized paired t-tests
or ANOVA tests for continuous variables.

Conditional logistic regression models were used to calculate odds
ratios (ORs) and 95% confidence intervals (95% Cls) for all-cause
mortality in relation to plasma vitamin B5. Based on its distribution,
plasma vitamin B5 concentrations were divided into tertiles and quin-
tiles. Models were adjusted for age, sex, BMI, treatment group, center,
methylenetetrahydrofolate reductase (MTHFR) C677 genotypes, SBP,
DBP, fasting blood glucose, smoking and alcohol drinking status, total
cholesterol (TC), TG, high-density lipo-protein cholesterol (HDL-C),
folate, tHcy, and vitamin B12 levels, eGFR, TMAO at baseline, as well
as mean SBP and DBP during the treatment period.

We performed subgroup analyses of essential population charac-
teristics and adjustment variables to assess potential modifiers on
the association between plasma vitamin B5 and all-cause mortality,
including sex, age (< 66.4 compared with > 66.4 y), BMI (< 23.3
compared with > 23.3 kg/m?), test center (Anqging compared with

Lianyungang), treatment group (enalapril compared with enalapril +
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folic acid), SBP (< 164.7 compared with >164.7 mmHg), tHcy (< 13.8
compared with > 13.8 umol/L), TC (< 5.2 compared with > 5.2 mmol/L),
folate (< 6.0 compared with > 6.0 ng/mL), fasting glucose (< 5.3
compared with > 5.3 mmol/L or history of diabetes), eGFR (< 90.0 com-
pared with > 90.0 mL/(min-1.73 m2), TMAO (< 0.2 compared with >
0.2 umol/L) at baseline, using the median for cutoff points. Folate defi-
ciency was defined as a folate level < 6 ng/mL, and normal folate was
defined as a folate level >6 ng/mL.1”

A two-tailed p < .05 was considered to be statistically significant
in all analyses. Empower Stats (http://www.empowerstats.com) and R
software, version 4.0.0 (http://www.R-project.org/) were used for all

statistical analyses.

3 | RESULTS

3.1 | Characteristics of study participants

As illustrated in the flow chart (Figure 1), the current study included
505 cases and 505 matched controls from the CSPPT cohort. Among
the 505 cases, 79 (15.6%) died of cancer, 77(15.2%) from cardiovas-
cular disease (CVD) and 26 (5.1%) from stroke. In total, 598 (59.2%)
males and 412 (40.8%) females were included in the analyses. The
mean age of all participants was 64.8 + 7.2 years. There were 476
participants (47.1%) in the enalapril—folic acid group; the remaining
participants were in the enalapril—only group (52.9%). Vitamin B5
had a median plasma concentration of 41.9 ng/mL (IQR, 34.8-52.0).
Baseline characteristics of the study participants are shown in Table 1
by case-control status. There was a statistically significant difference
(b = .001) between mortality cases (43.7 ng/mL [IQR, 36.1-53.9]) and
controls (40.9 ng/mL [IQR, 33.9-50.3]) in plasma vitamin B5 levels.

Moreover, mortality cases also had higher TMAO and tHcy at base-
line, and higher SBP and DBP values during the study period than
controls.

Additionally, plasma vitamin B5 concentrations were positively
associated with TC, and TG at baseline (Supplemental Table 2), whereas
they were negatively associated with baseline eGFR (Supplemental
Table 3). Furthermore, there was no significant correlation between
plasma vitamin B5 and SBP and DBP at baseline, or with time-averaged
SBP and DBP during the treatment period or with changes in BP during
follow-up (Supplemental Table 4).

3.2 | Association of plasma vitamin B5 with the
risk of all-cause mortality

The median treatment duration was 4.5 years (IQR, 4.2-4.6 years).
The smoothing curve between vitamin B5 concentrations and all-cause
mortality risk is shown in Figure 2. All-cause mortality risk increased
with the increase in plasma vitamin B5 concentrations. When plasma
vitamin B5 levels were classified into quintiles, compared with the
reference group (Q1: < 33.0 ng/mL), the risk of all-cause mortal-
ity increased by 29% (OR = 1.29, 95% Cl: 0.83-2.01) in Q2, 22%
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FIGURE 2 Association between vitamin B5 and the risk of
all-cause mortality. Note: Adjusted for age, sex, body mass index,
treatment group, center, MTHFR C677T, smoking status, alcohol
drinking status, systolic blood pressure, diastolic blood pressure,
fasting blood glucose, total cholesterol, triglycerides, high
density-lipoprotein cholesterol, eGFR, TMAQ, total homocysteine,
total folate, vitamin B12 at baseline, and treatment BP

(OR = 1.22, 95% ClI: 0.77-1.94) in Q3, 62% (OR = 1.62, 95% Cl:
1.00-2.62) in Q4, and 77% (OR = 1.77, 95% Cl: 1.06-2.95) in Q5.
The trend test was significant (p = .022). When Q4-Q5 were com-
bined, a significant 41% increment (OR = 1.41, 95% Cl: 1.03-1.95) in
all-cause death risk was found compared with Q1-Q3 (Table 2). The
relationship between vitamin B5 and different mortality subtypes was
also analyzed. The relation of plasma vitamin B5 levels with stroke-
related mortality was U-shaped (Supplemental Figure 1), while the
smoothing curve of vitamin B5 and CVD-related mortality showed an
increasing trend with increasing vitamin B5 concentrations (Supple-
mental Figure 2). The results for cancer-related mortality are detailed

in Supplemental Figure 3.

3.3 | Subgroup analyses

To explore whether other relevant factors had a modifying effect on
the relationship between plasma vitamin B5 (Q4-Q5 vs Q1-Q3) and
the risk of all-cause mortality, subgroup analyses were conducted
(Table 3). Plasma vitamin B5 had a significantly stronger positive asso-
ciation with the risk of all-cause mortality in participants aged > 66.4
years (Q4-Q5 vs Q1-Q3: OR = 1.86, 95% ClI: 1.23-2.82) than in those
aged < 66.4 years (Q4-Q5 vs Q1-Q3: OR = 0.92, 95% CI: 0.61-1.38; p-
interaction = .037). Furthermore, participants with folate > 6.0 ng/mL
(Q4-Q5 versus Q1-Q3: OR = 1.64, 95% Cl: 1.15-2.32) had a substan-
tially greater, positive connection with the risk of all-cause death than
those with folate < 6.0 ng/mL (Q4-Q5 vs Q1-Q3: OR = 0.67, 95%
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TABLE 1 Baseline characteristics of the study participants stratified by case-control status

Total Controls Cases
Characteristics (no.=1010) (no. = 505) (no. = 505) p
Age,y 64.8(7.2) 64.8(7.2) 64.8(7.2) .986
Male, no. (%) 598(59.2) 299(59.2) 299(59.2) 1.000
BMI, kg/m? 23.6(3.7) 23.8(3.6) 23.4(3.8) .053
Treatment group, no. (%) 1.000
Enalapril 534(52.9) 267 (52.9) 267 (52.9)
Enalapril-folic acid 476 (47.1) 238 (47.1) 238(47.1)
Test center, no. (%) 1.000
Anging 430 (42.6) 215 (42.6) 215 (42.6)
Lianyungang 580(57.4) 290 (57.4) 290 (57.4)
BP, mmHg
Systolic BP at baseline 167.9(21.1) 166.7 (20.3) 169.0(21.9) .088
Diastolic BP at baseline 92.0(12.6) 91.7 (12.2) 92.3(13.0) 485
Time-averaged systolic BP 142.3(13.4) 140.0(11.0) 144.6 (15.1) <.001
Time-averaged diastolic BP 82.0(8.9) 80.9 (7.8) 83.1(9.8) <.001
Laboratory results
Fasting glucose, mmol/L® 5.3(4.8,6.0) 5.3(4.8,6.0) 5.3(4.8,6.0) 824
Total cholesterol, mmol/L? 5.2(4.5,6.0) 5.3(4.6,6.0) 5.1(4.4,6.0) 106
Triglycerides, mmol/L° 1.3(1.0,1.8) 1.3(1.0,1.8) 1.3(1.0,1.8) .926
HDL cholesterol, mmol/L" 1.3(1.1,1.6) 1.3(1.1,1.5) 1.3(1.1,1.6) .635
tHcy, umol/LP 13.8(11.4,17.5) 13.6(11.2,16.9) 14.1(11.7,18.2) .049
Folate, ng/mLP 8.1(5.5,10.8) 8.1(5.5,10.9) 8.1(5.4,10.7) 931
Vitamin B12, pmol/L® 385.8(314.7,482.4) 385.0(312.5,491.7) 386.1(319.9,475.4) 672
eGFR, mL/min per 1.73 m? 87.7(15.8) 88.7(13.3) 86.7(18.0) .051
TMAO, umol/L? 0.2(0.1,0.3) 0.2(0.1,0.3) 0.2(0.1,0.3) .034
Vitamin B5, ng/mL" 41.9(34.8,52.0) 40.9 (33.9,50.3) 43.7(36.1,53.9) .001
MTHFR genotype, no. (%) 425
cE 297 (29.4) 155(30.7) 142 (28.1)
CT 485 (48.0) 244 (48.3) 241(47.7)
T 228(22.6) 106 (21.0) 122(24.2)
Smoking, no. (%) 796
Never 546 (54.1) 274 (54.3) 272(53.9)
Former 333(33.0) 169 (33.5) 164 (32.5)
Current 131(13.0) 62(12.3) 69(13.7)
Drinking, no. (%) 299
Never 569 (56.3) 279 (55.2) 290(57.4)
Former 319 (31.6) 170(33.7) 149 (29.5)
Current 122(12.1) 56(11.1) 66(13.1)

Abbreviations: BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein cholesterol; MTHFR,
methylenetetrahydrofolate reductase, TMAO, serum trimethylamine-N-oxide.; tHcy, serum total homocysteine.

2Continuous variables are presented as mean + SD.

bVariables are presented as median (interquartile range).
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TABLE 2 The association of vitamin B5 concentrations and the risk of all-cause mortality
Crude model 2Adjusted model
No. Cases (%) OR (95%Cl) p OR (95%Cl) p
Vitamin B5, ng/mL (Per SD) 1010 505(50.0) 1.31(0.99,1.74) .060 1.21(0.96,1.52) 114
Tertiles
T1(<37.1) 8387 147(43.6) ref ref
T2(37.1-<8.4) 336 171(50.9) 1.39(1.03,1.87) .032 1.37(0.98,1.92) .068
T3(>48.4) 337 187(55.5) 1.80(1.28,2.54) <.001 1.58(1.05,2.38) .027
P for trend <.001 .024
Quintiles
1(<33.0) 202 87(43.1) ref ref
Q2(32.9-<38.9) 202 95(47.0) 1.22(0.82,1.79) 324 1.29(0.83,2.01) 257
3(38.9-<45.7) 202 98(48.5) 1.33(0.89,1.97) 162 1.22(0.77,1.94) .395
Q4 (45.7-<55.0) 202 107(53.0) 1.63(1.07,2.48) 023 1.62(1.00,2.62) 051
Q5 (>55.0) 202 118(58.4) 2.06(1.34,3.15) <.001 1.77(1.06,2.95) .03
p for trend <.001 .022
Categories
Q1-Q3(<45.7) 606 280(46.2) ref ref
Q4-Q5(>45.7) 404 225(55.70) 1.53(1.17,2.00) .002 1.41(1.08,1.95) .034

2Adjusted for age, sex, body mass index, treatment group, center, MTHFR C677T, smoking status, alcohol drinking status, systolic blood pressure, diastolic
blood pressure, fasting blood glucose, total cholesterol, triglycerides, HDL-C, eGFR, TMAO, total homocysteine at baseline, total folate at baseline, vitamin

B12 at baseline, and treatment BP.

Cl: 0.38-1.18; p-interaction = .019).The relationships between vitamin
B5 and the risk of mortality in various age subgroups and treatment
groups are presented in Supplementary Tables 5 and 6.

None of the other stratified variables examined, including sex, BMI,
treatment group test center, SBP at baseline, TC, fasting glucose, eGFR,
TMAO, or tHcy, significantly modified the relation of plasma vitamin
B5 with all-cause mortality in participants (p-interaction > .05 for all
variables).

4 | DISCUSSION

To date, there is very limited evidence from epidemiological studies
on the role of vitamin B5 on mortality, especially from prospective
studies. This is the first study to show that higher baseline plasma
vitamin B5 levels (> 45.7 ng/mL) were linked to an increased risk of
all-cause death in Chinese adults with hypertension during an average
4.5 years of follow-up, compared to those with low plasma vitamin
B5 (< 45.7 ng/mL). Furthermore, the significant relationship between
plasma vitamin B5 and all-cause mortality was stronger among persons
aged > 66.4y and with folate levels > 6.0 ng/mL.

Earlier research indicates that the effect of vitamin B5 on disease
may be indirect. Vitamin B5 is associated with the maintenance
of inflammatory homeostasis.'® Recent research employing mice
deficient in the vanin-1 gene (pantetheinase gene) indicates that
pantothenase increases oxidative stress through the production of

cysteamine, thereby exposing tissues to damage from reactive oxygen

species,” and that vitamin B5, produced simultaneously during this
process, may function as a biomarker of inflammation. Many common
disorders, such as CVD, cancer, obesity, and Alzheimer’s disease (AD),
are now understood to be influenced by chronic inflammation. In
addition, several prospective studies have shown that participants
with higher circulating vitamin B5 have greater odds of cognitive
decline’ and, similarly, that dietary intake of vitamin B5 is linearly
associated with Ag load in several regions of the brain.'® In addition,
some studies have shown that hypertension increases the risk of AD.1?
In our study, participants were a cohort of middle-aged and elderly
adults with hypertension. We hypothesize that hypertensive popula-
tions with higher circulating vitamin B5 levels may have a higher risk
of AD-related mortality, but this hypothesis needs to be further tested
by more studies due to the lack of data related to AD in this study.

It is well known that cancer and CVD are the leading causes of death
and morbidity worldwide. During follow-up, the percentage of cases
who died of cancer, CVD, and stroke in our study were 15.6%, 15.2%
and 5.1%, respectively. Notably, the risk of CVD-related mortality
increased with rising vitamin B5 concentrations in our study, and
there was a U-shaped connection with stroke-related mortality. In
contrast to previous studies,2° Vitamin B5 levels were found to be
positively connected with TC and TG levels, and individuals who had
both high vitamin B5 and TC levels had a higher risk of mortality.
However, the mechanisms around these relationships are unclear
and need further validation. Plasma lipid concentrations are critical
in the development and progression of atherosclerosis. Vitamin B5,

as a precursor to CoA, has a beneficial effect on TG synthesis and
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TABLE 3 The association between vitamin B5 and the risk of mortality in various subgroups*

VB5, ng/mL
Q1-Q3(<45.7) Q4-Q5(>45.7)
p for
Subgroups No. Case (%) No. Case (%) OR (95%Cl) interaction
Age,y .037
<664 327 161(49.2) 178 92(51.7) 0.92(0.61,1.38)
>66.4 279 119(42.7) 226 133(58.8) 1.86(1.23,2.82)
Sex 361
Female 351 167(47.6) 247 132(53.4) 1.24(0.85,1.79)
Male 255 113(44.3) 157 93(59.2) 1.46(0.91,2.35)
Test center 731
Anging 230 108(47.0) 200 107(53.5) 1.16(0.73,1.82)
Lianyungang 376 172(45.7) 204 118(57.8) 1.38(0.93,2.05)
Treatment group 564
Enalapril 323 150(46.4) 211 117(55.5) 1.20(0.80,1.79)
Enalapril-folic acid 283 130(45.9) 193 108(56.0) 1.47(0.97,2.22)
BMI, kg/m? 085
<233 296 136(45.9) 209 125(59.8) 1.56(1.04,2.34)
>233 310 144(46.5) 195 100(51.3) 1.05(0.70,1.59)
Systolic BP at baseline, 420
mmHg
<1647 301 126(41.9) 199 105(52.8) 1.48(0.98,2.24)
>164.7 305 154(50.5) 205 120(58.5) 1.16(0.77,1.76)
Total cholesterol, mmol/L .140
<52 286 144(50.3) 210 115(54.8) 1.12(0.75,1.69)
>52 310 130(41.9) 189 105(55.6) 1.60(1.05,2.44)
Glucose, mmol/L 116
<53 287 135(47.0) 210 108(51.4) 0.99(0.66,1.50)
>53 309 139(45.0) 189 112(59.3) 1.75(1.16,2.65)
eGFR, mL/(min-1.73 m2) 066
<904 253 110(43.5) 244 142(58.2) 1.85(1.24,2.76)
>90.4 343 164(47.8) 155 78(50.3) 1.00(0.66,1.52)
Folate, ng/mL .019
<6.0 194 101(52.1) 113 59(52.2) 0.67(0.38,1.18)
>6.0 404 173(42.8) 285 162(56.8) 1.64(1.15,2.32)
tHcy, umol/L .819
<138 323 142(44.0) 175 92(52.6) 1.37(0.90,2.08)
>13.8 275 134(48.7) 224 128(57.1) 1.38(0.91,2.10)
TMAO, umol/L .819
<02 324 142(43.8) 174 92(52.9) 1.33(0.87,2.01)
>0.2 278 137(49.3) 226 131(58.0) 1.24(0.82,1.87)

*Each subgroup analysis adjusted, if not stratified for, age, sex, body mass index, treatment group, center, MTHFR C677T, smoking status, alcohol drinking, sys-
tolic blood pressure, diastolic blood pressure, fasting blood glucose, total cholesterol, triglycerides, HDL-C, eGFR, total homocysteine, TMAO, folate, vitamin
B12 at baseline, and treatment BP.
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lipoprotein metabolism, promoting the initiation and progression of
subclinical atherosclerosis.* At the same time, some studies have also
pointed out that higher plasma vitamin B5 concentrations have been
linked to an adverse cardiometabolic risk-factor profile, including
higher BMI'! and IR.® Therefore, it is reasonable to assume that
CVD risks amplify the relationship between vitamin B5 and all-cause
mortality. More interestingly, in our study, lower eGFR levels were
observed in participants with high vitamin B5 levels. One study found
vitamin B5 to be a possible predictor of the development of albumin-
uria in 118 patients with hypertension.?! Apart from that, another
study noted that vitamin B5 was significantly downregulated in the
urine of patients with diabetic nephropathy (DKD) and that vitamin
B5 synthesis and vitamin B5-related metabolism in DKD individuals
were disturbed.?? However, the direct contribution of vitamin B5
to the pathogenesis of DKD remains a mystery. Although we lacked
relative data on death due to kidney injury in our investigation, we
discovered a clear inverse relationship between plasma vitamin
B5 and eGFR in patients with hypertension. Future studies on the
health effects of vitamin B5-related substances on renal illness are
needed.

Interestingly, we observed a stronger link between plasma vitamin
B5 concentrations and the risk of all-cause mortality in those aged >
66.4 years and with folate levels > 6.0 ng/mL. First, while it has been
reported that many people regularly consume vitamin and mineral sup-
plements or choose vitamin-fortified foods with the aim of improving
their health status,2%24 the efficacy and the safety climate of this habit,
remains controversial. This is of particular concern for elderly people
with reduced bioavailability. According to one study, older adults had
higher circulating vitamin B5 levels than younger adults following vita-
min B5 supplementation, and less vitamin B5 was eliminated in the
urine.2% High vitamin B5 levels may have unanticipated consequences
on CoA pathways, protein synthesis, and carbohydrate synthesis.
There is reason to suspect that increased vitamin B5 may exacerbate
some of the physical damage caused by reduced metabolism in the
elderly. Taken together, increased age may amplify the positive asso-
ciation of plasma vitamin B5 concentrations with the risk of all-cause
mortality. Second, folate (vitamin B9) is a water-soluble B vitamin that
is mostly derived from dark, leafy green vegetables. It is converted in
the body to tetrahydrofolate (THF), which is involved in a wide vari-
ety of metabolic events in vivo.1 Vital steps in the growth and survival
of proliferating cells are supported by folate-mediated one-carbon
metabolism (FOCM). FOCM has been linked to redox homeostasis and
cancer epigenetics in a recent study.2> However, this study did not
exclude patients with existing tumors, and the promoting effect of folic
acid on the occurrence and development of existing tumors is a crucial
factor to consider when examining the relationship between vitamin
B5 and all-cause death. Additionally, some studies have shown that
unmetabolized folate in the plasma was associated with a decrease in
natural killer (NK) cell toxicity,2® suggesting that excessive folate may
be related to immunological dysfunction. However, there is a complex
interaction between folate and vitamin B5 in patients with hyperten-
sion, but the underlying mechanism is unknown. Further research is

required to corroborate our findings and hypotheses.

Our current study is innovative because it is the first to identify an
association between plasma vitamin B5 levels (a precursor to CoA) and
the risk of all-cause mortality in adult patients with hypertension. It
is important for patients with hypertension to have their plasma vita-
min B5 levels checked regularly, especially older patients or those who
have normal folate levels. The large prospective cohort study used in
this nested, case-control study reduced recollection bias to a bare min-
imum. Using blood samples taken prior to death, we were able to rule
out the potential of reverse causation. Finally, in contrast to previ-
ous studies based on dietary intake and urine samples, this study was
based on circulating vitamin B5 levels. Blood samples are more reflec-
tive and representative of systemic conditions, and they are also more
conducive to dynamic monitoring.

A number of potential limitations to our studies must be consid-
ered. Firstly, a paucity of data precluded a thorough examination of
more specific causes of death. This study examined 5-year mortality,
and a second phase of the CSPPT is currently underway, including
a more extended follow-up period. Second, previous research has
demonstrated that there are sex-, age-, and season-related differ-
ences in levels of water-soluble vitamins?’; the plasma vitamin B5
concentrations used in our study were determined only at baseline.
Measurements of plasma vitamin B5 on a more frequent basis would
have provided more relevant details. Third, because this study included
middle-aged or older Chinese individuals with hypertension, extrapo-
lating our findings to other groups with different features should be
done with caution. Finally, residual confounding cannot be ruled out
even though main covariables were taken into account in this study. As
aresult, additional research, including intervention trials, is necessary
to corroborate our findings and to further investigate the associa-
tion between vitamin B5 and cause-specific mortality, in order to gain
deeper insight into causes and mechanisms of the effect of vitamin B5
on mortality.

5 | CONCLUSIONS

This study found that higher vitamin B5 levels were associated with
increased risk of all-cause mortality among Chinese patients with
hypertension. This association was more pronounced among older
adults and those with adequate folate levels. If confirmed, our findings
may inform novel clinical and nutritional guidelines for lowering the
risk of all-cause mortality in patients with hypertension, including the
biomonitoring and managing of plasma vitamin B5 levels as a poten-
tially modifiable risk factor of all-cause mortality, particularly in the

elderly or those with adequate folate levels.
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