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Associations of serum vitamin B6
status with the risks of
cardiovascular, cancer, and all-
cause mortality in the elderly
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Yuchang Tao' and Hongyan Liu™

Department of Medical Genetics, Henan Provincial People’s Hospital, People’'s Hospital of
Zhengzhou University, Zhengzhou, Henan, China, 2College of Public Health, Zhengzhou University,
Zhengzhou, China

Background: There are few studies investigating the relationship between serum
vitamin B6 and mortality risk in the elderly. This study hereby evaluated the
associations between biomarkers of serum vitamin B6 status and cardiovascular,
cancer, and all-cause mortality risks in the elderly.

Methods: Our study included a total of 4,881 participants aged 60 years or older
from the National Health and Nutrition Examination Survey (NHANES) 2005-
2010. Serum vitamin B6 status was estimated based on levels of pyridoxal 5'-
phosphate (PLP), 4-pyridoxic acid (4-PA), and vitamin B6 turnover rate (4-PA/
PLP) detected by high-performance liquid chromatography. Survival status and
corresponding causes of death were matched through the National Death Index
records through December 31, 2019. Multivariate Cox regression model was
adopted to assess the relationships between serum vitamin B6 status and the risk
of mortality.

Results: During a median follow-up period of 10.33 years, 507 cardiovascular
deaths, 426 cancer deaths, and 1995 all-cause deaths were recorded,
respectively. In the multivariate-adjusted Cox model, the hazard ratios (HRs)
and 95% confidence intervals (Cls) for the highest versus the lowest quartiles of
PLP, 4-PA, and 4-PA/PLP were 0.70(0.54-0.90), 1.33(0.88-2.02), and 2.01(1.41-
2.79) for cardiovascular mortality, 0.73(0.52-1.02), 1.05(0.71-1.57), and 1.95(1.25-
3.05) for cancer mortality, and 0.62(0.53-0.74), 1.05(0.82-1.34), and 2.29(1.87-
2.79) for all-cause mortality, respectively.

Conclusion: Our study found that lower serum PLP levels were associated with
increased risks of cardiovascular and all-cause mortality among the elderly
population. And higher vitamin B6 turnover rate was associated with increased
risks of cardiovascular, cancer, and all-cause mortality.
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1 Introduction

The World Health Organization (WHO) demographic survey
shows that both the number and proportion of the world’s elderly
population are increasing at an unprecedented speed, with a
projected global population of 2.1 billion people aged 60 or over
by 2050 (1). Aging increases the risk of malnutrition due to
physiological changes, physical and cognitive decline, social and
environmental influences, and multiple diseases (2). Malnutrition
not only extensively affects the quality of life for older adults, but
also increases their risks of morbidity and mortality (3). Therefore,
identifying modifiable factors that can change the nutritional status
of the elderly is critical for maintaining their health and preventing
or delaying premature death.

Vitamin B6, an important nutrient, exists in the human body in
six interchangeable forms: pyridoxal (PL), pyridoxine (PN),
pyridoxamine (PM), and their respective phosphorylated
derivatives (4, 5). Among them, pyridoxal 5-phosphate (PLP), as
a coenzyme form of vitamin B6, is involved in the catalysis of more
than 160 different functions (4, 6). 4-Pyridoxine (4-PA) is the major
metabolite of vitamin B6, and approximately 40-60% of dietary
vitamin B6 is excreted in this form (5). Currently, PLP, 4-PA, and 4-
PA/(PLP +PL) (PAr) are the most common direct biomarkers for
reflecting vitamin B6 status (6).

Vitamin B6 participates in many biochemical reactions
involving amino acid substrates (4). For example, it affects
homocysteine metabolism by influencing the activities of
cystathionine-f-synthase (CBS) and 7y-cystathionase (7). In
addition, Vitamin B6 also affects immune function, inflammation,
antioxidants, and cellular signaling (8, 9). Currently, several
epidemiological studies have demonstrated that higher levels of
vitamin B6 are associated with a reduced risk of cardiovascular
disease (10), cancer (11), and all-cause mortality (12, 13). Studies
have indicated a high prevalence of vitamin B6 deficiency among
individuals diagnosed with type 2 diabetes (14). However, most of
these studies investigated the relationship of vitamin B6 levels with
mortality in patients with specific diseases (15-18). Limited
evidence is available regarding the health effects of vitamin B6
among the elderly. To fill this research gap and explore whether
vitamin B6 may prevent or delay premature death in older adults,
we conducted a prospective study to assess the relationships
between serum vitamin B6 levels and the risks of cardiovascular,
cancer, and all-cause mortality in the U.S. elderly.

2 Materials and methods
2.1 Study population

The National Health and Nutrition Examination Survey
(NHANES) is a nationally representative survey that assesses the
health and nutrition status of the U.S. civilian population through
personal interviews, laboratory tests, and standardized medical
examinations (19, 20). The survey begins by randomly selecting
counties in the United States, then randomly selecting several
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neighborhoods from each county, followed by the random
selection of a number of families from each neighborhood, and
finally randomly selecting family members based on age, gender,
and race. The survey is conducted every two years. Considering the
complex survey design used for NHANES, which includes
oversampling, stratification, and clustering, the data were
weighted prior to data analysis according to the NHANES
analysis guidelines (21). The concentration of vitamin B6 was
measured from 2003 to 2010 in four cycles of NHANES.
However, measurements of vitamin B6 levels from 2005-2010
could not be compared with those from 2003-2004 due to the
lack of available adjustments. This study included three NHANES
cycles from 2005 to 2010. Participants with the following
characteristics were excluded from our study: a) Younger than 60
years of age at the initial survey; b) Missing data for PLP, 4-PA, or
mortality outcomes; c) Presence of outliers on PLP, 4-PA and
vitamin B6 according to z-core test. As indicated in Figure 1, a
total of 4,881 participants were finally included. All participants
have received written informed consent.

2.2 Measurement of vitamin B6 status

Serum PLP (nmol/L) and 4-PA (nmol/L) concentrations were
measured to estimate vitamin B6 levels. The serum PLP and 4-PA
concentrations of NHANES participants were determined using
high-performance liquid chromatography. Additionally, since there
was no available serum concentration of PL, we used 4-PA/PLP
instead of 4-PA/(PL+ PLP) to evaluate the turnover rate of vitamin
B6. This is because the intraclass correlation coefficient (ICC) for 4-
PA/PLP is similar to that of 4-PA/(PL+PLP) (22), at least among
non-users of vitamin B6 supplements, and PLP has a strong
association with PL (23). Therefore, the use of 4-PA/PLP can be
considered as an effective surrogate for assessing vitamin
B6 turnover.

NHANES 2005-2010 (N=31034)
2005-2006: N =10348
2007-2008: N=10149
2009-2010: N=10537

Participants aged less than 60 years old
were excluded (N=25237)

Participants aged 60 years and older (N=5797)

Participant with missing data on serum
PLP or 4-PA (N=674)

Participants with extreme levels of PLP,
4-PA, and vitamin B6 intake (N=242)

Final participants included (N=4881)

FIGURE 1
Flowchart of participant selection.
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2.3 Ascertainment of mortality

Survival information was obtained from the National Center for
Health Statistics by matching NHANES participants with the
probability of a National Death Index (NDI) record through
December 31, 2019. The NDI includes information on death
records of individuals who have died in the United States since
1979, and their survival status as well as the corresponding detailed
causes of death are recorded annually. The disease-specific deaths
were determined by the 10th revision of the International
Classification of Diseases (ICD-10). The primary outcomes of our
study were cardiovascular, cancer, and all-cause mortality.
Cardiovascular mortality was defined as the ICD-10 codes for
100-109, 111, I13, 120-I51, or 160-169. Cancer mortality was
defined as ICD-10 codes for C00-C97.

2.4 Covariates

Based on reviewing relevant literature (17, 24), we selected the
following covariates in the model: age (<70, 70-80 or 280 years), sex
(male or female), drink (yes or no), smoke (never or former or
current), education (Less than high school, High school or
equivalent, and College or above), race ethnicity (Hispanic, non-
Hispanic white, non-Hispanic black, and Race-including multi-
racial), physical activity (low, moderate, or vigorous), cholesterol
(26.2 mmol/L or <6.2 mmol/L), and self-reported physician
diagnosed cardiovascular disease (yes or no), cancer (yes or no),
hypertension (yes or no) and type 2 diabetes (yes or no). Body mass
index (BMI) was calculated as weight (kg) divided by height (meters
squared). Moreover, Vitamin B6 intake (mg/day) was assessed by
trained researcher using 24-hour dietary recall.

2.5 Statistical analysis

Continuous variables that conform to a normal distribution, as
determined by the Shapiro-Wilk test, are described using the
survey-weighted mean (standard deviation, SD). Otherwise, they
are described using the survey-weighted median (interquartile
range, IQR). Categorical variables are presented as numbers and
survey-weighted percentages. The Chi-square test or Wilcoxon rank
sum test was used for the different analysis of survival status for
categorical variables and continuous variables with skewed
distribution. The t-test was used for continuous variables with a
normal distribution. Multiple imputation was used to impute these
covariates with missing values (25).

The survey-weighted Cox regression model was used to assess
the relationships of PLP, 4-PA, and 4-PA/PLP with cardiovascular,
cancer, and all-cause mortality. Biomarkers of serum vitamin B6
(i.e., PLP, 4-PA, and 4-PA/PLP) were categorized into quartiles,
with the first quartile as the reference group. Three models were
adopted: The crude model was not adjusted anything. Model 1
included adjustment for sex and age. Model 2 included adjustments
for the variables in model 1 as well as for smoke, drink, ethnicity,
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education, physical activity and BMI. Model 2 was considered as the
main model. We conducted survival analyses using covariate-
adjusted Kaplan-Meier curves to explore the effects of 4-PA, PLP,
and 4-PA/PLP quartiles on survival time in older adults; we also
tested for non-linear associations between biomarkers of vitamin B6
status (log2 transformed) and the risk of mortality using restricted
cubic splines (RCS), with four knots at percentiles 5, 35, 65, and 95.

We conducted stratified analyses by age (<70 or 270 years), sex
(male or female), BMI (<30 kg/m2 or >30 kg/mz), smoke (never or
former or current), and drink (yes or no) to examine whether these
relationships were modified by these potential modifiers. We
explored the interactions of PLP, 4-PA, and 4-PA/PLP with the
modifier by adding a multiplicative interaction term (i.e., quartiles
PLP, 4-PA, or 4-PA/PLP parameter * potential modifiers).

To examine the robustness of the result, two sensitivity analyses
were performed: (1) further adjustment for common chronic
diseases and dietary vitamin B6 intake based on model 2; (2)
excluding patients who died within 2 years of follow-up.

All statistical analyses and graphs were performed using R
version 4.3.1 (‘survey’, ‘plotRCS’, and ‘gtsummary’ packages), and
two-sided P values <0.05 was deemed to be statistically significant.

3 Results
3.1 General characteristics

A total of 4881 participants participated in our study, with a
mean age of 70.70 (SD: 7.32) years, including 2,440 males and 2441
females. The median (IQR) concentrations of serum PLP, 4-PA,
and 4-PA/PLP were 39.8 (56.1) nmol/L, 35.1 (53.9) nmol/L, and 0.9
(0.9), respectively. During a median (IQR) follow-up of 10.33 (4.8)
years, 507(10.4%) cardiovascular deaths, 426 (8.7%) cancer deaths
and 1995 (40.9%) all-cause deaths were recorded, respectively. The
general characteristics of participants are shown in Table 1. In
general, participants who survive are younger, more likely to be
female, never smokers, Non-Hispanic White, take more physical
activity, have a higher level of education, intake of more vitamin B6,
and less likely to have hypertension, diabetes, cancer, and
cardiovascular disease.

3.2 Serum vitamin B6 status with
cardiovascular, cancer, and all-
cause mortality

As shown in Tables 2, 3, serum PLP concentrations were
negatively associated with cardiovascular and all-cause mortality.
Additionally, serum PLP concentrations were negatively associated
with cancer mortality when adjusted for age and sex (model 1,
Pqavs.q1 = 0.002), but this statistical association disappeared when
adjusted for sociodemographic and lifestyle factors (model 2). No
statistical association was observed between serum 4-PA
concentrations and the risk of mortality. Furthermore, the
vitamin B6 turnover rate, 4-PA/PLP, showed a significant positive
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TABLE 1 Baseline characteristics of the study population.

Survivors Death

Characteristic

N= 2886 (61%) N= 1995 (39%)
Age, year*™* <0.001
<70 2,289 (50%) 1,787 (65%) 502 (27%)
70-80 1,613 (32%) 887 (28%) 726 (37%)
>80 979 (18%) 212 (6.5%) 767 (36%)
Male** 2,440 (45%) 1,316 (43%) 1,124 (48%) <0.001
Smoke*” <0.001
never 2,307 (47%) 1,492 (51%) 815 (42%)
former or current 2,574 (53%) 1,394 (49%) 1,180 (58%)
Drink** 0.028
NO 1,796 (35%) 1,064 (33%) 732 (37%)
YES 3,085 (65%) 1,822 (67%) 1,263 (63%)
Race ** 0.002
Hispanic 1,037 (6.7%) 782 (8.0%) 255 (4.6%)
Non-Hispanic White 2,785 (81%) 1,458 (79%) 1,327 (84%)
Non-Hispanic Black 909 (8.4%) 547 (8.2%) 362 (8.7%)
other 150 (4.0%) 99 (4.6%) 51 (3.1%)
Education*”™” <0.001
Less than high school 1,757 (25%) 955 (20%) 802 (33%)
high school/GED 1,203 (27%) 702 (27%) 501 (28%)
College or above 1,921 (48%) 1,229 (53%) 692 (39%)
Physical activity *** <0.001
Low 2,414 (43%) 1,223 (35%) 1,191 (56%)
moderate 742 (17%) 558 (22%) 184 (10%)
vigorous 1,725 (39%) 1,105 (43%) 620 (34%)
Hypertension*# 2,911 (58%) 1,643 (55%) 1,268 (64%) <0.001
Diabetes*” 1,104 (19%) 580 (16%) 524 (24%) <0.001
cholesterol*” 763 (16%) 491 (18%) 272 (14%) <0.001
CvVD** 1,242 (24%) 497(16.4%) 794(38%) <0.001
cancer*” 954 (22%) 448 (18%) 506 (27%) <0.001
Vitamin B6 intake, mg/d**** 3.25 (2.28) 3.29 (2.23) 3.16 (2.29) 0.003
BMI, kg/m***"* 28.08 (7.22) 28.37 (7.14) 27.54 (7.42) <0.001

*Data were presented as numbers (percentages).

**Data were presented as median (interquartile range, IQR).

Chi-square test was used for data.

*Wilcoxon rank sum test was used for data.

Shapiro-Wilk test: P vitamin B6 intake <0.001; P gy <0.001.

PIR, family income-to-poverty ratio; BMI, body mass index; CVD, Cardiovascular disease.

association with the risks of cardiovascular, cancer, and all-cause =~ PA, and 4-PA/PLP were 0.70(0.54-0.90), 1.33(0.88-2.02), and 2.01
mortality. After adjusting for sociodemographic and lifestyle factors ~ (1.41-2.79) for cardiovascular mortality, 0.73(0.52-1.02), 1.05(0.71-
in a multivariate model (model 2), the weighted Cox regression  1.57), and 1.95(1.25-3.05) for cancer mortality, and 0.62(0.53-0.74),
results indicate that the hazard ratios (HRs) and 95% confidence  1.05(0.82-1.34), and 2.29(1.87-2.79) for all-cause mortality,
intervals (CIs) for the highest versus the lowest quartiles of PLP, 4-  respectively. The results of the covariate-adjusted Kaplan-Meier
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TABLE 2 Hazard ratio (HRs) and 95% Cls for cardiovascular mortality across quartiles of vitamin B6 biomarkers among the U.S. older adults (N=4881;

CVD-deceased = 507).

Quartile of vitamin B6 biomarkers

Quintilel Quintile2 P-value

Quintile3 P-value Quintile4

PLP, nmol/L

Range <23.0 23-39.8 39.8-74.6 >74.6
Median (IQR) 23.0(17.6) 30.7(8.7) 54.6(16.5) 118.0(79.1)
No. deaths/total 145/1220 127/1219 116/1221 119/1221
Crude Model Ref 0.83(0.62-1.12) 0.230 0.74(0.54-1.02) 0.064 0.61(0.48-0.78) <0.001
Model 1 Ref 0.79(0.58-1.05) 0.108 0.68(0.50-0.92) 0.013 0.59(0.46-0.76) <0.001
Model 2 Ref 0.83(0.62-1.11) 0.216 0.77(0.56-1.05) 0.096 0.70(0.54-0.90) 0.005
4-PA, nmol/L
Range <20.6 20.6-35.1 35.1-74.5 >74.5
Median (IQR) 15.3(5.7) 26.8(7.2) 48.2(17.4) 138.0(123.1)
No. deaths/total 80/1217 118/1221 146/1222 163/1221
Crude Model Ref 1.45(0.95-2.23) 0.088 1.59(1.00-2.53) 0.048 1.84(1.27-2.65) 0.003
Model 1 Ref 1.03(0.68-1.56) 0.896 1.10(0.69-1.74) 0.699 1.15(0.77-1.71) 0.406
Model 2 Ref 1.13(0.74-1.71) 0.573 1.24(0.76-2.01) 0.391 1.33(0.88-2.02) 0.178
Ratio 4-PA/PLP
Range <0.6 0.6-0.9 0.9-1.5 >15
Median (IQR) 0.48(0.16) 0.76(0.14) 1.15(0.27) 2.15(1.25)
No. deaths/total 62/1221 90/1220 149/1218 206/1222
Crude Model Ref 1.50(1.05-2.13) 0.024 2.23(1.67-2.97) <0.001 3.94(2.87-5.42) <0.001
Model 1 Ref 1.22(0.85-1.77) 0.279 1.59(1.18-2.14) 0.002 2.26(1.65-3.09) <0.001
Model 2 Ref 1.20(0.82,1.75) 0.343 1.48(1.09,2.01) 0.013 2.01(1.41-2.79) <0.001

Crude Model: did not adjust anything.
Model 1: adjusted for age and sex.
Model 2: further adjusted for smoke, drink, ethnicity, education, activity and BMIL

IQR, interquartile range; BMI, body mass index; PLP, pyridoxal-5"-phosphate; 4-PA, 4-pyridoxic acid.

survival curves (Figure 2) indicate that low levels of PLP and high
levels of 4-PA and 4-PA/PLP were associated with higher
probability of death, except for the association between 4-PA and
cancer death (P=0.697). This is consistent with the results of the
crude model of Cox regression and consistent with the effect
direction of the model 2, although some associations in model 2
did not reach significance.

In further analyses, adjusted RCS models were used to describe
the dose-response relationships between vitamin B6 and the risks of
cardiovascular, cancer, and all-cause mortality (Figure 3). We
observed significant associations between PLP levels and the risks
of cardiovascular (P=0.040) and all-cause (P<0.001) mortality, 4-PA
levels and the risk of cancer mortality (P=0.047), and 4-PA/PLP
ratio and risks of cardiovascular, cancer, and all-cause mortality
(P<0.001 for overall association). No statistically significant
nonlinear relationship was found between vitamin B6 biomarkers
and the risk of mortality, except for an L-shaped nonlinear

Frontiers in Immunology

relationship between serum PLP and all-cause mortality (P =
0.001) with an inflection point at 39.54 nmol/L.

3.3 Stratified and sensitivity analyses

The results of subgroup analyses are presented in Supplementary
Tables S1-S3. The direction of the associations between biomarkers of
vitamin B6 status and mortality was consistent across subgroups,
although in some subgroups the association did not reach statistical
significance. Statistically significant interactions existed on some factors.
The inverse association between serum PLP concentration and all-cause
mortality was more significant in individuals aged >70 years, and the
inverse association between serum PLP concentration and
cardiovascular mortality was also more significant in the male
population. The positive association between 4-PA/PLP and cancer
mortality was stronger among drinkers, males, and individuals aged <
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TABLE 3 Hazard ratio (HRs) and 95% Cls for cancer mortality and all-cause mortality across quartiles of vitamin B6 biomarkers among the U.S. older
adults (N=4881; Cancer-deceased =426; All-cause deceased =1995).

Quartile of vitamin B6 biomarkers

Quintilel Quintile2 P-value Quintile3 P-value Quintile4 P-value

Cancer mortality

PLP, nmol/L

No. deaths/total 118/1220 122/1219 98/1221 88/1221
Crude Model Ref 1.08(0.80-1.44) 0.630 0.83(0.59-1.18) 0.306 0.61(0.45-0.84) 0.002
Model 1 Ref 1.04(0.78-1.39) 0.796 0.78(0.56-1.11) 0.169 0.61(0.44-0.83) 0.002
Model 2 Ref 1.12(0.84-1.50) 0.444 0.87(0.61-1.23) 0.425 0.73(0.52-1.02) 0.068

4-PA, nmol/L

No. deaths/total 102/1217 111/1221 103/1222 110/1221
Crude Model Ref 1.12(0.83-1.52) 0.456 1.06(0.76-1.47) 0.745 1.09(0.80-1.48) 0.598
Model 1 Ref 0.97(0.71-1.32) 0.835 0.89(0.64-1.25) 0.510 0.90(0.64-1.26) 0.528
Model 2 Ref 1.06(0.76-1.47) 0.744 1.00(0.70-1.44) 0.989 1.05(0.71-1.57) 0.795

Ratio 4-PA/PLP

No. deaths/total 79/1221 88/1220 117/1218 142/1222
Crude Model Ref 1.42(0.97-2.08) 0.075 1.66(1.06-2.58) 0.026 2.63(1.76-3.94) <0.001
Model 1 Ref 1.27(0.87-1.87) 0.212 1.42(0.89-2.28) 0.144 2.10(1.36-3.25) <0.001
Model 2 Ref 1.26(0.86-1.85) 0.244 1.36(0.85-2.20) 0.202 1.95(1.25-3.05) 0.003

All-cause mortality

PLP, nmol/L

No. deaths/total 605/1220 511/1219 449/1221 430/1221
Crude Model Ref 0.82(0.71-0.94) 0.006 0.67(0.58-0.77) <0.001 0.56(0.47-0.66) <0.001
Model 1 Ref 0.78(0.68-0.89) <0.001 0.62(0.54-0.71) <0.001 0.54(0.46-0.64) <0.001
Model 2 Ref 0.82(0.72-0.95) 0.006 0.68(0.58-0.78) <0.001 0.62(0.53-0.74) <0.001

4-PA, nmol/L

No. deaths/total 400/1217 474/1221 537/1222 584/1221
Crude Model Ref 1.11(0.93-1.32) 0.245 1.30(1.08-1.57) 0.006 1.34(1.10-1.62) 0.003
Model 1 Ref 0.84(0.71-0.99) 0.033 0.96(0.79-1.17) 0.704 0.91(0.74-1.13) 0.406
Model 2 Ref 0.92(0.76-1.11) 0.384 1.07(0.87-1.31) 0.514 1.05(0.82-1.34) 0.688

Ratio 4-PA/PLP

No. deaths/total 276/1221 397/1220 549/1218 773/1222
Crude Model Ref 1.63(1.34-1.99) <0.001 2.25(1.85-2.72) <0.001 3.85(3.16-4.69) <0.001
Model 1 Ref 1.40(1.15-1.69) <0.001 1.73(1.45-2.07) <0.001 2.49(2.08-2.98) <0.001
Model 2 Ref 1.39(1.14-1.69) 0.001 1.67(1.37-2.03) <0.001 2.29(1.87-2.79) <0.001

Crude Model: did not adjust anything.

Model 1: adjusted for age and sex.

Model 2: further adjusted for smoke, drink, ethnicity, education, activity and BMI.
BMI, body mass index; PLP, pyridoxal-5'-phosphate; 4-PA, 4-pyridoxic acid.

Frontiers in Immunology 06 frontiersin.org


https://doi.org/10.3389/fimmu.2024.1354958
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

10.3389/fimmu.2024.1354958

10| PLBwith Cardiovascular mortality 10| 4-BA with Cardiovascular mortality 10| 4-BAIPLP with Cardiovascular mortality
2% Group P Group g% Group
2 —a g —a g — ar
e B g
& —a & —a & —a
g — a3 2 — a3 2 — a3
H —as H —as H —
P o8 @08 @08
P =0.004 P <0001 P<0.001
7 07 07
] o 100 0 1 % 100 50 ] % 100 50
Time,month Time,month Time,month
100] PLEwith cancer mortality 100] 4:BA with cancer mortality 100 | 4:AIPLP with cancer mortality
095 035 095
z Group z Group z Group
2 —a 2 —a b —a
£ om0 —a  fon —a & —
3 — 3 — a3 g —a
13 g 13
H —a 5 — H —
085 085 085
P=0.001 P=0697 P <0001
8 080 080
] E] 00 %0 1] % 00 £ B % [3 3
Time,month Time,month Time,month
10| PLP with all-cause mortality 0] 4:BA with all-cause mortality ;| 4-BAJPLP with all-cause mortality
08 08
2z Group 2z Group Group
3 —ar 2 —a — ar
H —w & — —a
Zos — oo — @ — o3
H H - =
H —a H s s
o4 P <0.001 o4 P <0.001 o4 P <0.001

[ E] 150 150 [] E]
Time,month

FIGURE 2

Time,month

150 [3 % 150 )
Time,month
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biomarkers. Adjusted for age, sex, smoke, drink, race/ethnicity, education, activity and BMI. BMI, body mass index; CVD, cardiovascular disease; PLP,

pyridoxal-5'-phosphate; 4-PA, 4-pyridoxic acid.

70 years. In addition, sensitivity analyses showed that the associations of
serum PLP levels with cardiovascular and all-cause mortality, and the
associations of 4-PA/PLP with cardiovascular, cancer, and all-cause
mortality remained significant after further adjustments for common
chronic diseases and dietary vitamin B6 intake or exclusion of
participants who died within 2 years of follow-up, as shown in
Tables 4, 5.

4 Discussion

Based on the analysis of NHANES data, we observed inverse
association between serum PLP levels and the risks of
cardiovascular as well as all-cause mortality. No significant
associations were found between serum 4-PA levels and the
risk of mortality. Furthermore, there was positive associations
between 4-PA/PLP and the risks of cardiovascular, cancer, and
all-cause mortality. After a series of sensitivity analyses, the results
were robust.

PLP levels are an effective marker for assessing vitamin B6 levels (6).
The inverse relationships of serum PLP concentration with all-cause
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and cardiovascular mortality is consistent with several previous
investigations. For instance, Isidor Minovi'c et al. observed in the
Prevention of Renal and Vascular End-stage Disease study that lower
plasma PLP concentrations were associated with higher cardiovascular
disease morbidity and mortality (10). Studies from European cohorts
showed that study participants with higher circulating levels of vitamin
B6 had a lower risk of developing renal cell carcinoma and a higher
survival rate after diagnosis (26). Pusceddu et al. found that vitamin B6
deficiency was a risk factor for all-cause mortality in the Ludwigshafen
Risk and Cardiovascular Health Study (27). Paula Schorgg et al.
observed that high PLP levels were associated with reduced
cardiovascular mortality among individuals aged >65 years, but not in
the broader population (28). However, a study from Caerphilly showed
that vitamin B6 levels were associated with non-cardiovascular disease
mortality in men, but not with cardiovascular or cancer mortality (29).
Another study conducted on the general population also observed a
negative association between PLP and all-cause mortality, but found no
association with cardiovascular or cancer mortality (24). These
discrepancies may be due to the different study populations. With
aging, the aorta stiffens due to increased collagen and decreased elastin,
thereby increasing the risk of cardiovascular disease (30, 31). This
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mortality in U.S. older adults. Adjusted for age, sex, smoke, drink, race/ethnicity, education, activity and BMI. BMI, body mass index; CVD,

cardiovascular disease; PLP, pyridoxal-5'-phosphate; 4-PA, 4-pyridoxic acid.

phenomenon might amplify the impact of vitamin B6 on the risk of
cardiovascular death.

In addition to PLP levels, we also investigated the health effects of
serum 4-PA levels and 4-PA/PLP on mortality. 4-PA is a catabolized
vitamin B6 produced by PL in the liver and has a high clearance rate in
kidney (32). 4-PA/PLP instead of PAr was used as an indicator of
vitamin B6 turnover, indicating low vitamin B6 status owing to altered
tissue distribution or enhanced vitamin B6 turnover (22). Interestingly,
our results suggested that 4-PA/PLP was significantly and positively
associated with cardiovascular, cancer, and all-cause mortality, but 4-
PA was not associated with mortality risk. Cohort study from Norway
indicated that plasma PAr is a good predictor of all-cause mortality risk
in patients with coronary artery disease (33). The Hordaland Health
Study (HUSK) showed that higher PAr in general population was
associated with increased overall cancer risk (34). Qianwei Cui et al.
observed inverse associations between vitamin B6 conversion rates and
the risk of cardiovascular and all-cause mortality in hypertensive adults
(35). These studies support our findings. However, Qianwei Cui et al.
also suggested that higher levels of 4-PA were associated with an
increased risk of all-cause mortality in hypertensive adults. Dandan
Zhang et al. observed a positive relationship between serum 4-PA levels
and all-cause mortality in individuals with T2DM (17). These
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differences may be attributed to the study population and methods.
Our unweighted analysis of the NHANES data also showed a positive
association between 4-PA and all-cause mortality, but this association
disappeared after conducting weighted analysis. According to the
NHANES analysis guidelines, the results of the weighted analysis are
more reliable. Furthermore, Paula Schorgg et al. observed that 4-PA/
PLP was associated with cancer and all-cause mortality in the elderly
population, but not with cardiovascular mortality (28). They also noted
that no statistical association was found between 4-PA and the risk
mortality risk. This discrepancy may be attributed to their adjustment
for variables related to inflammation. The impact of vitamin B6 on
mortality may be associated with inflammatory processes, and
potential collinearity among variables when adjusting models for
inflammatory factors could reduce the predictive power of vitamin
B6 for mortality risk.

The association of vitamin B6 levels with the risk of mortality may be
mediated by its involvement in immune and inflammatory processes.
Studies have demonstrated that pyridoxine supplementation significantly
enhances the immune response in the elderly individuals (36), patients
with renal failure (37), and critically ill patients (38). In the elderly,
vitamin B6 depletion severely affects lymphocyte count, mitogenic
response of T and B cell mitogens, and interleukin-2 production, and
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TABLE 4 Hazard ratio (HRs) and 95% Cls for mortality across quartiles of vitamin B6 biomarkers after further adjustment for common chronic
diseases and dietary vitamin B6 intake.

Quartile of vitamin B6 biomarkers

Quintilel Quintile2 P-value Quintile3 P-value Quintile4 P-value
CVD
mortality
PLP Ref 0.83(0.61-1.13) 0.237 0.80(0.59-1.10) 0.168 0.72(0.57-0.91) 0.007
4-PA Ref 1.07(0.73-1.58) 0.726 1.19(0.77-1.84) 0.426 1.25(0.85-1.83) 0.264
Ratio Ref 1.18(0.81-1.71) 0.383 1.36(1.01-1.83) 0.040 1.74(1.27-2.39) <0.001
4-PA/PLP U ’ T ’ T ’
Cancer
mortality
PLP Ref 1.11(0.83-1.48) 0.476 0.84(0.58-1.21) 0.342 0.70(0.50-0.99) 0.045
4-PA Ref 1.01(0.74-1.38) 0.938 0.93(0.64-1.36) 0.717 0.99(0.67-1.46) 0.946
Ratio Ref 1.24(0.84-1.82) 0.285 1.33(0.81-2.17) 0.260 1.91(1.23-3.98) 0.004
4-PA/PLP s ’ R ’ T ’
All-cause
mortality
PLP Ref 0.83(0.73-0.95) 0.005 0.70(0.60-0.82) <0.001 0.64(0.54-0.75) <0.001
4-PA Ref 0.89(0.79-1.05) 0.157 1.04(0.85-1.26) 0.714 1.00(0.79-1.26) 0.971
Ratio Ref 1.35(1.10-1.67) 0.005 1.57(1.30-1.90) <0.001 2.05(1.69-2.50) <0.001
4-PA/PLP T ’ R ’ R ’

Adjusted for age, sex, smoke, drink, race/ethnicity, education, activity, BMI, vitamin B6 intake, hypertension, diabetes, cholesterol, CVD, cancer.
BMI, body mass index; CVD, cardiovascular disease; PLP, pyridoxal-5"-phosphate; 4-PA, 4-pyridoxic acid.

TABLE 5 Hazard ratio (HRs) and 95% Cls for mortality across quartiles of vitamin B6 biomarkers after excluding participants who died within 2 years
of follow-up (N=4640).

Quartile of vitamin B6 biomarkers

Quintilel Quintile2 P-value Quintile3 P-value Quintile4 P-value
CVD
mortality
PLP Ref 0.90(0.68-1.20) 0.484 0.84(0.59-1.20) 0.336 0.74(0.57-0.98) 0.032
4-PA Ref 1.16(0.74-1.81) 0.512 1.38(0.84-2.28) 0.204 1.42(0.90-2.26) 0.132
Ratio Ref 1.12(0.74-1.69) 0.596 1.44(1.05-1.98) 0.025 1.92(1.38-2.67) <0.001
4-PA/PLP SO ’ e ’ R :
Cancer
mortality
PLP Ref 1.29(0.90-1.83) 0.164 1.02(0.69-1.49) 0.938 0.91(0.63-1.32) 0.625
4-PA Ref 1.07(0.73-1.57) 0.740 1.02(0.67-1.55) 0.922 1.12(0.72-1.74) 0.615
Ratio Ref 1.30(0.88-1.93) 0.188 1.33(0.78-2.28) 0.294 1.99(1.26-3.15) 0.003
4-PA/PLP CUEET ) ooRe ) T :
All-cause
mortality
PLP Ref 0.91(0.78-1.06) 0.232 0.73(0.62-0.87) <0.001 0.70(0.62-0.87) <0.001
4-PA Ref 0.93(0.77-1.12) 0.452 1.10(0.88-1.38) 0.385 1.09(0.82-1.44) 0.553
Ratio Ref 1.36(1.13-1.63) 0.001 1.65(1.37-1.99) <0.001 2.12(1.74-2.58) <0.001
LPA/PLP 36(1.13-1. X 65(1.37-1. X 12(1.74-2. )

Adjusted for age, sex, smoke, drink, race/ethnicity, education, activity, BMI, vitamin B6 intake, hypertension, diabetes, cholesterol, CVD, cancer.
BMI, body mass index; CVD, cardiovascular disease; PLP, pyridoxal-5"-phosphate; 4-PA, 4-pyridoxic acid.

Frontiers in Immunology 09 frontiersin.org


https://doi.org/10.3389/fimmu.2024.1354958
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

these immune markers return to normal with vitamin B-6
supplementation (39). In recent years, vitamin B6-dependent
inflammatory pathways have been extensively studied. Previous studies
have demonstrated a negative association between plasma PLP levels and
several inflammatory markers (40, 41), such as the acute-phase markers
c-reactive protein (CRP) and the kynurenine/tryptophan ratio (KTR).
The regulation of PLP-dependent enzymes and associated pathways in
the inflammatory response is influenced by the distribution of vitamin
B6 in tissues (42). During inflammation, depletion of tissue-specific
vitamin B6 leads to low plasma levels of PLP (43). Some of the increases
in 4-PA/PLP levels may be attributed to the elevated demand for PLP in
tissues, and 4-PA/PLP corrects for potential confounders that affect 4-PA
and PLP proportionally, such as supplement intake, contributing to the
robustness and specificity of the 4-PA/PLP. In addition, several
publications have confirmed that systemic inflammation is strongly
associated with cardiovascular disease development (44, 45). The
causal relationship between chronic inflammation and cancer
development has also been extensively studied (46). Chronic
inflammation can cause cellular DNA mutation by inducing oxidative
and nitrosative stress and can also promote cancer development by
affecting tissue repair, genotoxic stability, invasion, proliferative response,
and metastasis (46-48). Thus, the adverse effects of insufficient
circulating vitamin B6 on inflammatory responses and immune
processes may increase the risk of premature death.

Previous investigations have focused on the relationship between
vitamin B6 and mortality in disease-specific populations, with limited
evidence from studies in older populations. In this study, we used a
complex, stratified, multistage probabilistic sampling method to obtain a
sample. Vitamin B6 status was expressed according to objectively
measured serum parameters and adjusted for various potential
confounders in the Cox regression model. This makes our estimates
more robust and accurate. Several limitations are also present in our
study. First, our study was observational. Future trials and experimental
studies are still needed to verify these findings and explore the underlying
mechanisms. Second, we only had data measured at baseline and lacked
interview data from multiple periods. Third, family history of chronic
disease was considered a common confounder for which survey data is
lacking. In our sensitivity analysis, we further adjusted for prevalent
chronic diseases to account for the potential impact of family history on
the results. Fourth, serum concentrations of the vitamin B6 biomarker
pyridoxal (PL) and 4-PA/(PLP+PL) (PAr) could not be obtained because
our study was retrospective. However, 4-PA/PLP has a similar intraclass
correlation coefficient (ICC) to 4-PA/(PL+ PLP) (22) and PLP has a
strong association with PL (23).

5 Conclusions

In this study, we observed inverse associations between serum
PLP levels and the risks of cardiovascular and all-cause mortality,
and positive associations between 4-PA/PLP and the risks of
cardiovascular, cancer, and all-cause mortality. This study
suggests that lower serum vitamin B6 levels and higher vitamin
B6 turnover rate may be predictors of increased risk of mortality in
older adults. Maintaining high levels of vitamin B6 may be
beneficial in preventing premature death in the elderly.
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