
Yang et al. Nutrition Journal          (2024) 23:123  
https://doi.org/10.1186/s12937-024-01027-y

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Nutrition Journal

Niacin intake and mortality (total 
and cardiovascular disease) in patients 
with cardiovascular disease: Insights 
from NHANES 2003–2018
Ruiming Yang1†, Menghan Zhu2†, Shuzhen Fan1 and Jing Zhang3* 

Abstract 

Background Cardiovascular disease (CVD) poses a significant challenge to global public health. Dietary interven-
tion therapy offers high cost-effectiveness for treating CVD. Currently, there is limited research on the dietary niacin 
intake and survival of CVD patients. This study aims to examine the association of dietary niacin intake with long-term 
survival in people with CVD.

Methods A nationally representative sample of 4,377 diabetes subjects was drawn from the NHANES (National 
Health and Nutrition Examination Survey) data collected between 2003 and 2018. Dietary niacin intake in this study 
represents either the average of the two recalls or the value from one recall (if only one recall was available for a par-
ticipant). Weighted Cox proportional hazards regression models were used to calculate hazard ratios (HRs) and 95% 
CIs to examine the associations between dietary niacin intake and the risk of all-cause and CVD mortality.

Results After adjustment for multiple covariates, HRs and 95% CIs in model 3 indicated that participants in the high-
est quartile (Quartile 4) of dietary niacin intake were at lower risk for all-cause mortality (HR = 0.74, 95% CI: 0.60–0.90, P 
for trend = 0.010) and CVD mortality (HR = 0.67, 95% CI:0.51–0.89, P for trend = 0.020).

Conclusion Higher dietary niacin intake may be associated with a reduced risk of all-cause and cardiovascular 
disease mortality among CVD patients. Additionally, significant interactions were found between dietary niacin intake 
and BMI as well as vitamin B12 subgroups.

Keywords Cardiovascular disease (CVD), National health and nutrition examination survey (NHANES), Niacin

Introduction
Cardiovascular disease (CVD), encompassing various 
pathological conditions affecting the heart and blood ves-
sels, is the leading cause of mortality globally [1]. Accord-
ing to statistics from the World Health Organization, 
CVD is estimated to claim the lives of 17.9 million people 
annually, accounting for 31% of the total global deaths, 
posing significant challenges to global public health 
(WHO, May 17, 2017). Therefore, reducing the burden of 
disease and the risk of CVD-related deaths is paramount. 
Recently, emerging dietary interventions have gradu-
ally gained attention as a highly cost-effective approach, 
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demonstrating significant effects on therapeutic inter-
vention for CVD [2, 3].

Niacin, also known as vitamin B3, is one of the essen-
tial 13 vitamins in the human body. It converts to nico-
tinamide within the body and serves as a component of 
coenzyme I and coenzyme II, playing crucial roles in lipid 
metabolism, tissue respiration, and anaerobic breakdown 
of carbohydrates, among other processes [4, 5]. Despite 
research suggesting positive effects of niacin on the gen-
eral population, its role in individuals with CVD has been 
controversial. Some studies propose benefits [6, 7], while 
others argue for no effect [8, 9] or even potential harm 
[10].

Although animal studies have shown that niacin and 
chromium complexes can prevent morphological and 
biochemical degeneration of the thoracic aorta, elevate 
levels of steroidogenic acute regulatory protein (StAR), 
and potentially modulate cardiovascular diseases [11], 
there is still a lack of prospective research assessing the 
association between niacin intake levels from food and 
the risk of mortality in CVD patients. To address this gap, 
our study utilized a nationally representative sample of 
adult Americans to investigate the relationship between 
dietary niacin intake and the risk of all-cause and CVD 
mortality among CVD patients.

Methods
Study population
The National Health and Nutrition Examination Survey 
(NHANES) is a complex, multi-stage, stratified sam-
pling health survey conducted in the United States. Data 
sources include structured interviews, telephone follow-
ups, health screenings at mobile examination centers, 
and laboratory sample analysis. Prior to data collection, 
approval was obtained from the National Center for 
Health Statistics Institutional Review Board, and partici-
pants provided written informed consent upon enroll-
ment. This study utilized data from adults aged 20 and 
older who participated in eight cycles of the NHANES 
survey (from 2003–2004 to 2017–2018) [12].

To ascertain whether participants have CVD, they are 
asked the following question: "Has a doctor or other 
health professional ever told you that you had coronary 
heart disease, congestive heart failure, heart attack, 
stroke or angina?" If a participant answers "yes" to this 
question at least once, they are considered to have CVD 
[13]. Among 80,312 participants, 5,205 had CVD disease. 
After excluding participants under 20 years old, pregnant 
women, and those with missing data on dietary niacin 
intake, follow-up time (‘permth_int’), Body mass index 
(BMI, kg/m2)., marital status, and education level, a final 
sample of 4,377 individuals was included in this study.

Measurement of dietary niacin intake
The dietary interview component, known as "What We 
Eat in America" (WWEIA), is conducted in collabora-
tion between the United States Department of Agricul-
ture (USDA) and the Department of Health and Human 
Services (DHHS). Data on dietary niacin intake are col-
lected through two 24-h dietary recall interviews. The 
first recall is conducted in-person at mobile examina-
tion centers, followed by a second recall via telephone 
3 to 10  days later. These recalls are facilitated using the 
Computer-Assisted Dietary Interview System managed 
by NHANES interviewers. The USDA’s Food and Nutri-
ent Database for Dietary Studies (FNDDS) was utilized to 
calculate the nutrients and food components in all food 
items [14]. Dietary intake in this study represents either 
the average of the two recalls or the value from one recall 
(if only one recall was available for a participant). Among 
the 4,377 participants, 456 (10.4%) had data from only 
one dietary recall.

Ascertainment of main outcome
The outcome variables were mortality status including 
mortality of all-cause and CVD, which were determined 
by National Death Index (NDI) by 31 December 2019. 
The NDI is a highly reliable and widely used resource 
for death identification. The ICD-10 was used to deter-
mine disease-specific death [15]. Death due to CVD was 
defined as ICD-10 codes 100–109, 111, 113, 120–151 or 
160–169. The total number of deaths was 1659, with 790 
deaths attributed to CVD.

Covariates
The following covariates, which were all baseline meas-
urements, were included in this study: age(years), 
sex(men/women), race (non- Hispanic white or 
other), marital status (married/unmarried/divorced), 
education(less than high school/high school or equiva-
lent/college/above), annual poverty-income ratio of 
household income to the poverty line), energy intake 
(kcal), smoking status (current/previous/none), drink-
ing status (current/previous/none), regular exercise (yes/
no), BMI, hyperlipidemia (defined as the presence of one 
or more of the following serum measures: total choles-
terol > 200  mg/dL, triglycerides > 200  mg/dL, high den-
sity lipoproteins < 40  mg/dL in males and < 50  mg/dL in 
females, low density lipoproteins > 130 mg/dL or current 
use of cholesterol lowering medications [16]), hyperten-
sion (defined as having a systolic blood pressure greater 
than or equal to 140  mmHg or diastolic blood pressure 
greater than or equal to 90  mmHg, or currently taking 
medication to lower high blood pressure) [17], chronic 
kidney disease (CKD) (defined as glomerular filtration 
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rate (eGFR) < 60  ml/min/1.73m2 and/or urinary albu-
min/creatinine ratio (ACR) > 30  mg/g) [18], and diabe-
tes mellitus (DM) (defined by a self-reported diagnosis, 
medication for hyperglycemia, glycosylated hemoglobin 
(HbA1c) > 6.5%, or fasting blood glucose > 7.0  mmol/L, 
or random blood glucose/two-hour OGTT blood glu-
cose > 11.1  mmol/L [19]). Meanwhile, we performed 
multicollinearity diagnostics for these covariates and 
found that multicollinearity was weak (all GVIF values 
were < 0.05) (Supplementary Table 1).

Statistical analysis
Given the complex sampling design of NHANES, all anal-
yses in this study incorporate sample weights (wtmec2yr), 
strata, and primary sampling units. Baseline characteris-
tics of sociodemographic information, lifestyle behav-
iours and disease status, were presented as mean ± SD 
(standard deviation) or numerical (percentage). General 
linear models and chi-square tests were used to com-
pare the difference. Weighted Cox proportional hazards 
regression models were used to calculate hazard ratios 
(HRs) and 95% confidence intervals (Cis) to examine the 
associations between dietary niacin intake and the risk of 
all-cause mortality and CVD mortality. The survival time 
of participants is calculated from the NHANES interview 
date to the date of death or the end of follow-up (Decem-
ber 31, 2019), whichever occurs first. We adjusted for a 
series of confounding factors, including age, sex, race, 
marital status, smoking status, drinking status, regularly 
exercise, BMI, poverty income ratio, energy intake, DM, 
hyperlipidemia, hypertension and CKD. Additionally, 
we created continuous variables by taking the median 
of dietary niacin intake for each category and examined 
linear trends. We employed restricted cubic spline (RCS) 
analysis with four nodes (at the 25th, 50th, 75th and 95th 
percentiles) to investigate the non-linear relationship 
between dietary niacin intake and both all-cause mortal-
ity and CVD mortality.

Subgroup and sensitivity analysis
Further subgroup analysis will be conducted based on 
age (< 65 or ≥ 65), sex (male or female), race/ethnic-
ity (Mexican American, Other Hispanic, Non-Hispanic 
White, Non-Hispanic Black, or Other), smoking status 
(never, former, or current), alcohol consumption (never, 
former, or current), regular exercise (no or yes), BMI 
(< 25, 25–29.9, or ≥ 30), CKD (no or yes), and DM (no 
or yes) to observe their interaction with dietary niacin. 
We also conducted a series of sensitivity analyses: (1) 
To minimize potential bias from reverse causality, par-
ticipants with follow-up times less than two years were 
excluded (n = 3811). (2) Participants with only one die-
tary recall were excluded (n = 3921). (3) Repeat analyses 

were performed by excluding CVD participants who died 
within two years of follow-up and had only one dietary 
recall (n = 3431). (4)Sensitivity analyses were conducted 
by altering the number of nodes in the restricted cubic 
spline, using three nodes (at the 25th, 50th, and 75th per-
centiles) and five nodes (at the 20th, 40th, 50th, 60th and 
80th percentiles), to further explore the relationship.

All statistical analyses were conducted by R 4.3.1, and 
p-values < 0.05 were considered statistically significant.

Results
Baseline characteristics of studying population
During 30,055 person-years of follow-up, a total of 
1659 death cases were recorded, with 790 deaths attrib-
uted to CVD. Baseline characteristics of 4377 CVD 
participants were summarized in Table  1 according to 
quartiles of dietary niacin intake (1094 participants in 
quartile 1 [≤ 13.12  mg/d], 1095 participants in quar-
tile 2 [13.12–19.17  mg/d], 1094 participants in quartile 
3 [19.17–26.80  mg/d], and 1094 participants in quar-
tile 4 [≥ 26.80  mg/d]). Participants in the highest quar-
tile (Quartile 4) of the dietary niacin intake, compared 
to those in the lowest quartile, were more likely to be 
younger males, non-Hispanic white, smokers, and engag-
ing in regular physical activity, with higher energy intake, 
and lower prevalence of DM and CKD. Similarities were 
observed among the four groups in terms of BMI, hyper-
tension, and hyperlipidemia percentages (Table 1).

Dietary niacin intake and all‑cause and CVD mortality
Table  2 shows the association between dietary niacin 
intake and all-cause and CVD mortality. After adjust-
ment for multiple covariates, HRs and 95% CIs in model 
3 indicated that participants in the higher quartile of 
dietary niacin intake were at lower risk for all-cause mor-
tality (Q2: HR = 0.86, 95% CI: 0.74–0.99, Q3: HR = 0.90, 
95% CI: 0.77–1.05, Q4: HR = 0.74, 95% CI: 0.60–0.90) 
and CVD mortality (Q2: HR = 0.81, 95% CI: 0.64–1.02, 
Q3: HR = 1.00, 95% CI: 0.82–1.22, Q4: HR = 0.67, 95% 
CI:0.51–0.89). The dose–response relationship between 
dietary niacin intake and all-cause mortality and CVD 
mortality is depicted in Fig. 1 (All-cause mortality: p for 
non-linearity = 0.052, CVD mortality: p for non-linear-
ity = 0.529). This result suggests a potential non-linear 
relationship between dietary niacin intake and the risk of 
all-cause mortality, while no non-linear relationship was 
observed with the risk of CVD mortality.

Stratified and sensitivity analyses
We found a significant interaction between dietary niacin 
intake and BMI, with a significant overall risk for all-cause 
mortality (P for interaction = 0.003). In the subgroup with 
BMI < 25, participants in the fourth quartile had an HR 
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of 0.53 (95% CI: 0.33–0.86) for all-cause mortality com-
pared to the reference group. In the subgroup with BMI 
between 25–29.9, participants in the fourth quartile had 
an HR of 0.77 (95% CI: 0.56–1.06) for all-cause mortality 
compared to the reference group. In the subgroup with 
BMI ≥ 30, participants in the fourth quartile had an HR 
of 0.85 (95% CI: 0.60–1.20) for all-cause mortality com-
pared to the reference group (Table 3). However, we did 
not find significant interactions between dietary niacin 
intake and other stratified variables for all-cause mortal-
ity risk. There was an interaction between dietary niacin 
intake and CVD mortality in BMI subgroups, but it did 

not confer a significant risk of CVD mortality (Table 3). 
Additionally, we observed a significant interaction 
between dietary niacin intake and vitamin B12 levels for 
all-cause mortality risk (P for interaction = 0.036). In the 
subgroup with vitamin B12 levels ≤ 3.4mcg, participants 
in the fourth quartile had an HR of 0.93 (95% CI: 0.62–
1.40) for all-cause mortality compared to the reference 
group. In the subgroup with vitamin B12 levels > 3.4mcg, 
participants in the fourth quartile had an HR of 0.52 (95% 
CI: 0.38–0.70) for all-cause mortality compared to the 
reference group. However, we did not observe signifi-
cant interactions between dietary niacin intake and other 
B-complex vitamins (Supplementary Table 2).

Table 1 Baseline characteristics of participants stratified by quartiles of dietary niacin intake

Continuous variables are presented as mean ± Standard deviation. Categorical variables are presented as numbers

(%, percentage). BMI Body mass index, DM Diabetes mellitus and CKD Chronic kidney disease

Characteristics Dietary niacin intake (mg) P‑value

Total Q1, ≤ 13.12 mg/d Q2, 13.12–19.17 mg/d Q3, 19.17–26.80 mg/d Q4, ≥ 26.80 mg/d

N = 4,377 n = 1,094 n = 1,095 n = 1,094 n = 1,094

Age, years 66.46 ± 12.91 67.02 ± 13.00 67.46 ± 12.79 67.10 ± 12.17 64.27 ± 13.42  < 0.001

Sex, %  < 0.001

 men 2,483 (57%) 411 (38%) 557 (51%) 687 (63%) 828 (76%)

 women 1,894 (43%) 683 (62%) 538 (49%) 407 (37%) 266 (24%)

Non-Hispanic white, % 2,438 (56%) 550 (50%) 600 (55%) 654 (60%) 634 (58%)  < 0.001

Married, % 2,239 (51%) 494 (45%) 546 (50%) 595 (54%) 604 (55%)  < 0.001

College graduate or above, 
%

624 (14%) 99 (9.0%) 150 (14%) 181 (17%) 194 (18%)  < 0.001

Smoking status, %  < 0.001

 no 1,686 (39%) 484 (44%) 447 (41%) 398 (36%) 357 (33%)

 previous 1,781 (41%) 390 (36%) 439 (40%) 473 (43%) 479 (44%)

 current 910 (21%) 220 (20%) 209 (19%) 223 (20%) 258 (24%)

Drinking status, %  < 0.001

 no 988 (23%) 324 (30%) 261 (24%) 228 (21%) 175 (16%)

 previous 1,290 (29%) 353 (32%) 341 (31%) 297 (27%) 299 (27%)

 current 2,099 (48%) 417 (38%) 493 (45%) 569 (52%) 620 (57%)

Exercised regularly, % 0.005

 no 3,652 (83%) 927 (85%) 922 (84%) 928 (85%) 875 (80%)

 yes 725 (17%) 167 (15%) 173 (16%) 166 (15%) 219 (20%)

BMI, kg/m2 0.500

 < 25 960 (22%) 237 (22%) 226 (21%) 249 (23%) 248 (23%)

 25–29.9 1,451 (33%) 352 (32%) 362 (33%) 356 (33%) 381 (35%)

 ≥ 30 1,966 (45%) 505 (46%) 507 (46%) 489 (45%) 465 (43%)

Poverty income ratio 2.20 ± 1.46 1.91 ± 1.35 2.13 ± 1.42 2.31 ± 1.49 2.44 ± 1.54  < 0.001

energy (kcal), % 1,828.47 ± 874.83 1,142.71 ± 466.23 1,614.04 ± 524.07 1,915.01 ± 581.57 2,642.31 ± 1,022.96  < 0.001

DM, % 1,796 (41%) 471 (43%) 483 (44%) 457 (42%) 385 (35%)  < 0.001

Hyperlipidemia, % 3,762 (86%) 943 (86%) 921 (84%) 964 (88%) 934 (85%) 0.053

Hypertension, % 3,441 (79%) 890 (81%) 855 (78%) 853 (78%) 843 (77%) 0.075

CKD, % 1,951 (45%) 509 (47%) 511 (47%) 501 (46%) 430 (39%) 0.001

Follow-up period, months 82.40 ± 51.26 81.37 ± 52.79 83.68 ± 51.03 79.94 ± 50.49 84.61 ± 50.65 0.079
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In sensitivity analyses, whether excluding partici-
pants who died within 2  years of follow-up, excluding 
participants with only one dietary recall, or exclud-
ing participants who died within 2  years of follow-up 
and had only one dietary recall, all revealed a negative 
correlation between dietary niacin intake and both all-
cause and CVD mortality (Supplementary Table  3–5). 
This further demonstrates the stability of the results. 
Results from RCS with 3 nodes and 5 nodes were con-
sistent with those from RCS with 4 nodes.

Discussion
To the best of our knowledge, we conducted the first 
large-scale prospective cohort study investigating the 
relationship between dietary niacin intake and all-
cause as well as cardiovascular disease (CVD) mortal-
ity among CVD patients. We found that, after adjusting 
for numerous confounding factors, individuals with 
higher dietary niacin intake had reduced risks of both 
all-cause and CVD mortality. Additionally, subgroup 

Table 2 HRs and 95% CI for all-cause and CVD mortality among participants with CVD in NHANES 2003 to 2018

a Daily dietary niacin intake
b Crude model
c Adjusted for age and sex. d Further adjusted for race, marital status, education level, smoking status, drinking status, exercised regularly, BMI, family income to 
poverty ratio, energy intake, CKD, DM, hypertension and hyperlipidemia. BMI, body mass index, CKD, chronic kidney disease, DM, diabetes mellitus

Hazard ratio (95% CI) P for trend

Model Quartile 
1, ≤ 13.12 mg/da

Quartile 2, 13.12–
19.17 mg/da

Quartile 3, 19.17–
26.80 mg/da

Quartile 4, ≥ 26.80 mg/da

All-cause mortality

 Case/N 445 of 1094 448 of 1095 410 of 1094 356 of 1094

 model  1b Reference 0.91(0.77–1.08) 0.90(0.75–1.08) 0.67(0.57–0.79)  < 0.001

 model  2c Reference 0.85(0.73–0.98) 0.87(0.73–1.03) 0.73(0.62–0.87) 0.002

 model  3d Reference 0.86 (0.74–0.99) 0.90 (0.77–1.05) 0.74 (0.60–0.90) 0.010

CVD mortality

 Case/N 213 of 1094 207 of 1095 210 of 1094 160 of 1094

 model  1b Reference 0.86(0.67–1.11) 0.97(0.80–1.18) 0.60(0.47–0.76)  < 0.001

 model  2c Reference 0.80(0.64–1.01) 0.95(0.79–1.15) 0.67(0.52–0.86) 0.006

 model  3d Reference 0.81 (0.64–1.02) 1.00 (0.82–1.22) 0.67 (0.51–0.89) 0.020

Fig. 1 RCS analysis between niacin and all-cause mortality and CVD mortality
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and sensitivity analyses were performed to confirm the 
stability of our results.

Niacin undergoes absorption, conversion into niaci-
namide, and serves as a coenzyme to participate in vari-
ous metabolic activities within the body [20]. It remains 
a supplementary therapeutic method for cardiovascular 
diseases. Literature indicates that lipoprotein(a) [Lp(a)] 
is an independent risk factor for cardiovascular diseases. 
Elevated levels of Lp(a) in the body contribute to the for-
mation of atherosclerosis, thereby increasing the risk of 
cardiovascular events such as heart disease and stroke 
[21, 22]. Niacin directly and non-competitively inhibits 
hepatic diacylglycerol acyltransferase 2, reducing hepatic 
triglyceride synthesis and subsequent VLDL/LDL secre-
tion. It also inhibits the expression of hepatic surface 
β-chain ATP synthase, suppressing the removal of HDL-
associated apolipoprotein AI, leading to an increase in 
HDL particles containing apolipoprotein AI [23]. This 
aids in elevating HDL levels, promoting reverse choles-
terol transport, and accelerating the clearance of low-
density lipoprotein (LDL) [24]. Niacinamide may also 
modulate the immune response by enhancing the activ-
ity of natural killer (NK) cells [25], as well as improv-
ing endothelial function, increasing vasodilation, and 
enhancing myocardial function, thereby reducing the risk 
of cardiovascular diseases [26]. In this study, we observed 
the benefits of niacin intake in patients with cardiovas-
cular diseases. Meanwhile, epidemiological studies have 
found that higher dietary niacin intake can reduce all-
cause mortality risk by 32% and CVD mortality risk by 
37% in patients with metabolic syndrome [27], as well as 
reduce all-cause mortality risk by 30% in patients with 
non-alcoholic fatty liver disease [9]. In addition, dietary 
niacin intake is significantly inversely associated with 
cognitive and psychiatric disorders, as well as stroke 
[28–30]. These studies are consistent with our findings. 
Although some studies have found that dietary niacin 
intake does not reduce the risk of cardiovascular dis-
ease [9], the primary reason may lie in the fact that these 
studies focused on populations with non-alcoholic fatty 
liver disease (NAFLD). NAFLD patients often exhibit 
metabolic abnormalities (such as insulin resistance and 
dyslipidemia) and chronic inflammation, both of which 
contribute to an increased risk of cardiovascular disease 
[31]. Even with increased dietary niacin intake, these 
negative effects may be difficult to offset. Other studies 
have suggested that niacin fails to exert beneficial effects 
on cardiovascular disease incidence or mortality, possibly 
due to its combination with statin therapy [8, 10]. After 
adjusting for numerous confounding factors, higher die-
tary niacin intake was associated with a 26% reduction in 
all-cause mortality risk and a 33% reduction in cardiovas-
cular disease mortality risk (26.80 mg/d vs 13.12 mg/d), 

consistent with the conclusions of the aforementioned 
studies. However, we did not observe an association 
between dietary niacin intake and reduced all-cause mor-
tality risk in participants within the third quartile. More-
over, the RCS curve showed a P-value for non-linearity 
of 0.052, suggesting the possibility of a non-linear rela-
tionship between the two, despite an overall trend toward 
risk reduction.

Meanwhile, we have noted that several recently pub-
lished articles relevant to our research focus on the rela-
tionship between niacin and cardiovascular risk, all of 
which utilize NHANES cohort data. However, these stud-
ies differ from ours in several significant ways. Although 
some articles have also found that increased niacin intake 
can reduce all-cause and cardiovascular disease mortality 
risk, their study populations primarily consist of individ-
uals with prediabetes and those with metabolic syndrome 
[27, 32], which is fundamentally different from our 
research. Additionally, while some studies have explored 
the relationship between dietary niacin intake and dis-
ease incidence [33, 34], their outcome measures are 
diabetes, and their study populations are general popula-
tions rather than specific disease groups. Moreover, there 
are notable methodological differences; they employed 
binary logistic regression analysis, whereas we utilized 
Cox regression analysis that accounts for follow-up time. 
Additionally, there are slight differences in the study peri-
ods, with some studies analyzing data from NHANES 
2005–2016 [33], while we focus on NHANES cohort data 
from 2003–2018.

In our study, we observed that when comparing the 
subgroup with BMI < 25 and the highest intake of nia-
cin to the lowest intake (reference) group, the HR for 
all-cause mortality was 0.53 (95% CI: 0.33–0.86). When 
comparing the subgroup with BMI 25–29.9 and the high-
est intake of niacin to the reference group, the HR for 
all-cause mortality at the fourth quartile of dietary niacin 
intake was 0.77 (95% CI: 0.56–1.06). When comparing 
the subgroup with BMI ≥ 30, the HR for all-cause mor-
tality at the fourth quartile of dietary niacin intake was 
0.85 (95% CI: 0.60–1.20) (P for interaction = 0.003). It has 
been reported that obesity can elevate oxidative stress 
levels in the body [35], while niacin is a common anti-
oxidant [36]. In an animal study, niacin administered at 
a dose of 50 mg/ml/kg body weight for 4 weeks on both 
normal and high-fat diets enhanced physical activity, 
exhibited anxiolytic effects, reduced oxidative stress, and 
increased antioxidant enzymes [36]. A population inter-
vention study involving 25 subjects also found niacin to 
significantly reduce oxidative stress [37]. Therefore, we 
speculate that, with the same level of niacin intake, indi-
viduals with a high BMI may not be able to fully benefit 
from the positive effects of niacin due to their elevated 
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oxidative stress levels compared to individuals with a 
lower BMI. Considering the role of niacin in CVD sub-
jects and the role of BMI in cardiovascular diseases, 
along with our subgroup analysis results, we believe that 
higher dietary niacin intake may be more strongly associ-
ated with lower all-cause mortality risk in CVD subjects 
with BMI < 25.

Another interesting finding in our study is that in the 
subgroup with vitamin B12 levels > 3.4 mcg, the HR for 
all-cause mortality at the fourth quartile of dietary niacin 
intake compared to the reference group was 0.52 (95% CI: 
0.38–0.70). This result suggests that CVD patients with 
vitamin B12 intake higher than 3.4 mcg may derive more 
benefits from niacin. Studies have indicated that niacin 
plays an important role in the metabolism of fatty acids 
and amino acids [38, 39], while vitamin B12 also plays a 
crucial role in both of these metabolic pathways [40], as 
well as participating in coenzyme synthesis. At higher 
levels of vitamin B12 intake, the synergistic effects of nia-
cin and vitamin B12 may enhance the protective effects 
of niacin. Therefore, CVD patients may derive greater 
benefits from dietary niacin intake when combined with 
vitamin B12 supplementation.

This study has several strengths. Firstly, it is the first 
investigation of the impact of dietary niacin intake on 
health outcomes in a nationally representative sample 
of cardiovascular disease patients in the United States, 
thereby enhancing the generalizability of our findings to 
a broader population of cardiovascular disease patients 
in the United States. Secondly, both subgroup and sen-
sitivity analyses demonstrate the stability of our results. 
However, we also acknowledge certain limitations in our 
study. Firstly, dietary recall data typically consists of at 
least three recalls, while the NHANES database provides 
only two dietary assessments. Additionally, due to varia-
tions in daily food intake, these recalls are susceptible to 
measurement error. Secondly, while the National Death 
Index is reliable for determining mortality status, it does 
not provide more precise classification of cardiovascu-
lar diseases. Additionally, despite our efforts to control 
for numerous confounding factors, it is still possible that 
some variables we did not consider or unidentified vari-
ables may exist.

Clinical implications
The recommended daily intake (RDA) of niacin is 
16  mg for adult males and 14  mg for adult females. 
Adequate intake of niacin not only helps regulate cho-
lesterol levels but also improves overall cardiovascular 
health. Notably, our study found that the combination 
of vitamin B12 and niacin has unexpected benefits for 
CVD. Given the importance of nutritional therapy in 

the treatment of CVD, healthcare professionals spe-
cializing in cardiovascular care should pay appropriate 
attention to these findings to optimize patient treat-
ment strategies.

Conclusion
This prospective cohort study among adults with cardi-
ovascular disease (CVD) in the United States indicates 
that higher dietary niacin intake may be associated with 
a reduced risk of all-cause and cardiovascular disease 
mortality among CVD patients. Additionally, signifi-
cant interactions were found between dietary niacin 
intake and BMI as well as vitamin B12 subgroups. Fur-
ther molecular and cellular experiments are needed to 
explore the underlying mechanisms of dietary niacin 
intake in CVD patients.
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