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Abstract

Background: The effects of dietary niacin on the risk of cardiovascular disease (CVD) and mortality in patients with chronic kidney
disease (CKD) remain unclear. Methods: CKD patients with estimated glomerular filtration rates (eGFRs) 20–59 mL/min/1.73 m2 or
urinary albumin/creatinine ratio ≥30 mg/g were identified in the National Health and Nutrition Examination Survey (NHANES) data
from 2003 to 2018. Age, gender, race, education level, marital status, body mass index, blood pressure, and smoking and drinking history
were considered as confounders. Results: The present study encompassed 3815 CKD patients eligible for inclusion based on the study
criteria. Participants with a niacin intake of>27.7 mg/d (quartile 4) had a lower prevalent CVD risk than those with an intake of≤14.67
mg (quartile 1) (odds ratio (OR), 0.710, 95% CI: 0.560–0.900; p for trend = 0.004). In the follow-up with a median of 7.0 years, 323 from
CVD. After adjustment, a higher niacin intake (>27.7 mg) reduced CVDmortality compared to a lower intake (≤14.67 mg) (hazard ratio
(HR), 0.610, 95% CI: 0.480–0.770; p for trend <0.001). Adding dietary niacin to clinical variables increased the C-index from 0.746 to
0.749 for CVD prevalence and from 0.659 to 0.682 for mortality. The net reclassification improvement increased by 9.0% and 13.1% for
CVD and mortality, respectively, and the integrated discrimination improvement increased by 0.3% and 1%, respectively. Conclusions:
Higher dietary niacin intake may reduce CVD and its mortality in individuals with CKD.
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1. Background

Chronic kidney disease (CKD) and cardiovascular
disease (CVD) exhibit a robust bidirectional association,
underpinned by shared pathophysiological mechanisms.
These conditions represent a global public health challenge,
with epidemiological studies consistently demonstrating a
substantially higher incidence of cardiovascular events in
CKD populations compared to the general cohort [1]. Re-
search indicates that a substantial percentage of CKD pa-
tients suffer from cardiovascular illness, and CVD mor-
tality accounts for a significant proportion in advanced
CKD patients [2]. Emerging evidence highlights that CKD-
specific pathophysiological processes—such as uremia-
induced vascular calcification, chronic systemic inflamma-
tion, and myocardial fibrosis—substantially amplify car-
diovascular morbidity in this population [3]. Therefore,
mitigating CVD and its mortality associated with CKD is
of paramount importance. CKD exists on a pathological
continuum with CVD, a leading cause of death in CKD
patients [4]. Progressive renal impairment in CKD drives

multisystem dysregulation, including metabolic acidosis,
chronic inflammatory states, and oxidative stress, which
collectively potentiate cardiovascular pathogenesis [5,6].
Although the CKD-CVD pathophysiological nexus is well-
characterized, investigative efforts have predominantly fo-
cused on modulating conventional cardiovascular risk pro-
files. Contemporary investigations prioritize elucidating
CVD risk determinants in CKD cohorts, whereas cardiopro-
tective mechanisms and resilience factors in this population
remain underexplored.

Niacin, a water-soluble B-complex vitamin, plays a
critical role in maintaining physiological homeostasis and
systemic metabolic equilibrium. Its biochemical signifi-
cance stems from its role as the primary biosynthetic pre-
cursor to nicotinamide adenine dinucleotide (NAD⁺) and
nicotinamide adenine dinucleotide phosphate (NADP⁺),
coenzymes integral to redox reactions and cellular energet-
ics [7]. Energy metabolism, cell signaling, DNA repair,
and antioxidant defense are the main functions of NAD and
NADP, two vital coenzymes in cells that participate in over
400 metabolic activities [8]. Niacin exists in the body as
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nicotinamide, contributing to the formation of coenzyme I
and coenzyme II, and participating in the synthesis of sub-
stances and regulation of energy metabolism reactions in
the body. Niacin further contributes to the glucose toler-
ance factor (GTF), a metalloprotein essential for insulin re-
ceptor sensitization and glycemic regulation. Pharmaco-
logically, niacin demonstrates pleiotropic effects, includ-
ing attenuation of atherogenic dyslipidemia (reduced low-
density lipoprotein (LDL)-cholesterol and triglycerides)
and endothelial-dependent vasodilation via prostaglandin
modulation [9]. Epidemiological studies associate dietary
niacin with reduced CVD incidence in the general popula-
tion [10], however, its cardioprotective efficacy remains in-
adequately characterized in CKD cohorts [11,12]. Preclin-
ical evidence suggests niacin ameliorates CKD-associated
cardiovascular risks bymodulatingmineral metabolism (re-
ducing hyperphosphatemia and hypercalcemia), suppress-
ing pro-inflammatory cytokines, and improving endothe-
lial dysfunction [13–15]. A non-linear, J-shaped associ-
ation exists between dietary niacin intake and hyperten-
sion incidence, with nadir risk observed at a daily in-
take of 14.3–16.7 mg [16]. Currently, no globally stan-
dardized guidelines exist for optimal daily niacin intake
thresholds tailored to distinct clinical populations. Fur-
thermore, the pharmacokinetics and dose-response relation-
ship of niacin in CKD patients remain unexplored, limiting
evidence-based recommendations. This study establishes a
novel tripartite association between CKD, CVD, and niacin
bioavailability, interrogating the dose-dependent effects of
elevated niacin intake on cardiovascular and its mortality
in renal-impaired populations. Elucidating this underex-
plored nexus, our findings providemechanistic insights into
nutrient-mediated cardiorenal protection, informing preci-
sion dietary strategies for high-risk CKD cohorts. Inte-
grating niacin optimization into multimodal CKD manage-
ment may represent a scalable, cost-effective adjuvant ther-
apy to attenuate cardiovascular burden and mortality in this
vulnerable demographic. This therapeutic paradigm could
potentially mitigate the incidence and severity of CVD
in CKD populations, bridging a critical gap in preventive
nephrology.

The multifactorial interplay between niacin bioavail-
ability, CKD, and CVD has emerged as a focal point in
translational nephrology and cardiometabolic research. To
date, a paucity of evidence exists to delineate the tripar-
tite mechanistic and epidemiological relationships linking
niacin status, CKD progression, and CVD pathogenesis.
Employing a hybrid cross-sectional and longitudinal de-
sign, this study interrogates the temporal and dose-response
relationships between dietary niacin exposure and both in-
cident CVD and its mortality within a nationally represen-
tative cohort of U.S. adults with CKD. This investigation is
poised to provide substantial insights to the current body of
medical literature.

2. Methods
2.1 Study Design and Population

The National Health and Nutrition Examination Sur-
vey, also known as NHANES, is a survey that is conducted
by the National Center for Health Statistics, which is part
of the Centers for Disease Control and Prevention. It ex-
amines the state of health among the general population
in the United States of America. It offers an abundance
of information regarding demographics, socioeconomics,
health behaviors, and conditions. Data from participants
is collected via standardized questionnaires administered
by trained interviewers, covering a spectrum of health-
related topics. Mobile examination centers offer lab tests
and physical exams by medical professionals. The research
follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) requirements for rig-
orous reporting. The study exemplifies a commitment to
ethical research standards, as evidenced by the evaluation
and approval from the relevant Institutional Review Board
and the informed consent acquired from each participant in
NHANES (https://www.cdc.gov/nchs/nhanes/irba98.htm).

We examined data from NHANES, covering 8 cy-
cles from 2003–2004 to 2017–2018, focusing on Ameri-
can adults aged 18 years and older. 55,719 participants in
our cohort research had their estimated glomerular filtra-
tion rate (eGFR) as well as the albumin or creatinine levels
in the urine were examined. After excluding individuals
due to pregnancy (n = 45), age under 18 years (n = 2310),
albumin-to-creatinine ratio (ACR) ≤30 mg/g, incomplete
data of mortality (n = 2) and absence of dietary niacin in-
take (n = 1050), a final sample of 3815 CKD patients was
utilized for this study (Fig. 1).

2.2 Assessment of Daily Dietary Niacin Intake
TheNHANES’WhatWeEat in America research uses

the Automated Multiple-Pass Method to efficiently and ac-
curately collect nutritional intake data for large nationwide
surveys. In two 24-hour dietary recall interviews, subjects
report their 24-hour food intake. While the first recall is
done in the Mobile Examination Center, the second is done
by phone three to ten days later. The reported foods’ nu-
tritional value is calculated using the US Department of
Agriculture (USDA)’s Food and Nutritional Database for
Dietary Studies (https://www.usda.gov/). The mean of the
two dietary recalls or a single recall value was used to esti-
mate daily niacin intake in this investigation. 542 (14.2%)
of 3815 participants recalled a meal.

2.3 Definition of CKD
CKD was diagnosed when ACR exceeded 30 mg/g or

when eGFR fell below 60 mL/min/1.73 m2 [17].

2.4 Outcomes
The results of this study included the rates of CVD

and death fromCVD. CVD diagnoses were validated via in-

2

https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.usda.gov/
https://www.imrpress.com


Fig. 1. National Health and Nutrition Examination Survey (NHANES) 2003–2018 study population selection flowchart. eGFR,
estimated glomerular filtration rate; ACR, albumin-to-creatinine ratio; CKD, chronic kidney disease.

dividual interviews, during which participants were asked:
“Do you know whether you’ve ever had a heart attack,
coronary heart disease, angina, congestive heart failure, or
stroke? How did your doctor tell you this?” Participants
who responded “Yes” were classified as CVD patients.
Data on mortality and follow-up status were connected to
the National Death Index over the period of time ending De-
cember 31, 2019. The codes from the International Statisti-

cal Classification of Diseases and Related Health Problems,
Tenth Revision (ICD-10) were utilized in order to determine
the major cause of death (https://www.who.int). CVD mor-
tality refers to deaths caused by heart disease, classified un-
der codes I00–I09, I11, I13, I20–I51, or I60–I69.
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Fig. 2. Restricted cubic splines (RCS) for independent associations of dietary niacin intake exposure with CVD and CVDmortal-
ity. (A) Association of dietary niacin intake with CVD among individuals with CKD. (B) Association of dietary niacin intake with CVD
mortality among individuals with CKD. Odd ratios or hazard ratios were adjusted for age, sex, BMI, race and ethnicity, education level,
smoking status, marital status, alcohol consumption, and hypertension. Shaded areas represent 95% CIs. CVD, cardiovascular disease;
BMI, body mass index. Study Population in NHANES from 2003 to 2018.

2.5 Assessment of Covariates

Participants were categorized into two age groups:
those under 60 years and those aged 60 years and above.
The self-reported race and ethnicity data from NHANES
were classified into categories including Mexican Ameri-
can, non-Hispanic Black, non-Hispanic White, and other
categories, which included other Hispanic, other non-
Hispanic, and non-Hispanic multiple races. Education
levels were classified into three categories: below high
school, high school, and some college or higher. Smoking
habits were categorized based on lifetime cigarette intake:
never smokers (<100 cigarettes), current smokers (≥100
cigarettes), and former smokers (≥100 cigarettes who have
quit). Body mass index (BMI, kg/m2) was classified into
three categories: less than 25.0, 25.0 to 29.9, and greater
than 29.9. Alcohol intake was evaluated via self-reporting,
dividing participants into strong drinkers (four or more
drinks per day) and low to moderate drinkers (less than four
drinks per day). The individuals themselves claimed a his-
tory of hypertension diagnosed by a physician. In statis-
tical analysis, we typically select variables with a p-value
below 0.05, as this indicates a significant association with
the study outcome. However, BMI and hypertension are
special cases. They are confounding factors linked to both
niacin and CVD. These confounding factors can influence
study results and obscure the accurate analysis of the rela-
tionship between exposure and outcome variables. There-
fore, we need to include these confounding factors as con-
trol variables in the analysis model. This allows for a cor-
rect analysis of the relationship between exposure and out-
come variables. We conducted comprehensive collinearity
diagnostics for all covariates. The resultant variance infla-

tion factor (VIF) values, all below 5, point to weak corre-
lations among covariates. This means collinearity is within
acceptable limits and won’t greatly affect the study’s relia-
bility (Supplementary Table 1).

2.6 Statistical Analysis
We included the study’s sampling strategy, data clus-

tering, and subsample weights into the analysis. Kol-
mogorov Smirnov analysis was conducted on the intake of
dietary niacin, and the results showed that it did not follow
a normal distribution. Unweighted frequencies and medi-
ans with interquartile ranges (IQRs) are used for all data.
To compare the differences between groups, χ2 test were
utilized for categorical variables.

We determined OR and 95% CI for the connection be-
tween dietary niacin intake and CVD risks by use weighted
logistic regression. In order to determine the risk of CVD
mortality associated with dietary niacin intake, for the pur-
pose of calculating the hazard ratio (HR) and the 95% CI,
we made use of weighted Cox proportional hazards regres-
sion models. The use of Schoenfeld residuals allowed us
to verify that the proportional hazards assumption was cor-
rect. In order to calculate the survival time, we utilized ei-
ther the date of death or the day that the follow-up period
came to an end (December 31, 2019), whichever came first,
or the date of the NHANES interview. We started with an
unadjusted model, then we added age, sex, and body mass
index adjustments to Model 2, and finally, we used Model
2 to further adjust for racial/ethnic background, education,
smoking status, marital status, alcohol intake, hypertension,
and alcohol intake in Model 3.
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Table 1. Baseline Characteristics of Participants with CKD in NHANES 2003 to 2018.

Characteristic
Patients, No. (%)

p value
Q1, <14.67 mg/da Q2, 14.67–20.1 mg/da Q3, 20.2–27.7 mg/da Q4, >27.7 mg/da

Patients, No. 3815 954 953 954 954
Age, y
<60 1762 (46.2) 333 (35.0) 399 (41.9) 467 (49.0) 563 (59.0)

<0.001
≥60 2053 (53.8) 621 (65.1) 554 (58.1) 487 (51.1) 391 (41.0)

Sex
Male 1825 (47.8) 312 (32.7) 388 (40.7) 484 (50.7) 641 (67.2)

<0.001
Female 1990 (52.2) 642 (67.3) 565 (59.3) 470 (49.3) 313 (32.8)

Race and ethnicity
Mexican American 643 (16.9) 159 (16.7) 155 (16.3) 173 (18.1) 156 (16.4)

0.011
Other Hispanic 360 (9.4) 99 (10.4) 93 (9.8) 94 (9.8) 74 (7.8)
Non-Hispanic White 1525 (40.0) 334 (35.0) 419 (44.0) 369 (38.7) 403 (42.2)
Non-Hispanic Black 969 (25.4) 275 (28.8) 217 (22.8) 237 (24.8) 240 (25.2)
Other raceb 318 (8.3) 87 (9.1) 69 (7.2) 81 (8.5) 81 (8.5)

Educational level
<High school 1272 (33.3) 426 (44.7) 313 (32.8) 291 (30.5) 242 (25.4)

<0.001High school 860 (22.5) 201 (21.1) 214 (22.5) 226 (23.7) 219 (23.0)
Some college or above 1683 (44.2) 327 (34.3) 426 (44.7) 437 (45.8) 493 (51.7)

Marital status
Married 2530 (66.3) 636 (66.7) 654 (68.6) 638 (66.9) 602 (63.1)

<0.001Divorced 461 (12.1) 130 (13.6) 120 (12.6) 116 (12.2) 95 (10.0)
Unmarried 824 (21.6) 188 (19.7) 179 (18.8) 200 (21.0) 257 (27.0)

BMI (kg/m2)
<25 1008 (26.4) 238 (25.0) 268 (28.1) 241 (25.3) 261 (27.4)

0.31425–29.9 1057 (27.7) 285 (29.9) 266 (27.9) 256 (26.8) 250 (26.2)
>29.9 1750 (45.9) 431 (45.2) 419 (44.0) 457 (47.9) 443 (46.4)

Alcoholic over 4 drinks/day
Yes 311 (8.2) 60 (6.3) 66 (6.9) 78 (8.2) 107 (11.2)

<0.001
No 3504 (91.8) 894 (93.7) 887 (93.1) 876 (91.8) 847 (88.8)

Smoking status
Current 646 (17.0) 147 (15.4) 152 (16.0) 150 (15.7) 197 (20.7)

<0.001Former 104 (2.7) 15 (1.6) 23 (2.4) 24 (2.5) 42 (4.4)
Never 3065 (80.3) 792 (83.0) 778 (81.6) 780 (81.8) 715 (75.0)

Hypertension
Yes 2193 (57.5) 580 (60.8) 526 (55.9) 542 (56.8) 545 (57.1)

0.088
No 1622 (42.5) 374 (39.2) 427 (44.8) 412 (43.2) 409 (42.9)

a Daily dietary niacin intake. b Including Multi-Racial.

In order to investigate the non-linear association be-
tween dietary niacin intake and CVD as well as death from
CVD, a restricted cubic spline (RCS) was applied. Four
knots were chosen to represent the tenth, fiftieth, and nineti-
eth percentiles of the distribution. To determine whether or
not there was non-linearity, the likelihood ratio test was uti-
lized.

We conducted a further stratification based on base-
line characteristics to assess how niacin affects CVD and
death across subgroups. We also evaluated the interaction
between niacin intake and baseline characteristics using the
product term (niacin intake × baseline characteristics).

Two models were developed to evaluate the predic-
tive capability of niacin in cardiovascular outcomes: one

model included only conventional clinical variables, while
the other integrated niacin with the clinical variables. Addi-
tionally, to evaluate the predictive power of adding dietary
niacin to clinical data, we calculated the C-index, integrated
discrimination improvement (IDI), and net reclassification
improvement (NRI). The effects of dietary niacin on base-
line features in CKD patients were examined using a strat-
ified approach.

A series of sensitivity analyses was conducted to val-
idate the robustness of the findings. (1) Participants who
died within the first 24 months were excluded from the Cox
model analysis, and thosewith a BMI greater than 29.9were
excluded from the logistic follow-up model to mitigate re-
verse causality; (2) We excluded individuals with only a
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Table 2. NHANES 2003–2018 CKD participants’ CVD ORs & CVD mortality HRs.

Model
Odd ratio (95% CI)/Hazard ratio (95% CI)

p value for trend
Q1, <14.670 mg/da Q2, 14.670–20.100 mg/da Q3, 20.200–27.700 mg/da Q4, >27.700 mg/da

CVD 282 of 911 235 of 920 211 of 921 192 of 909 NA
Model 1b 1.000 [Reference] 0.770 (0.620–0.940) 0.660 (0.540–0.820) 0.600 (0.480–0.740) <0.001
Model 2c 1.000 [Reference] 0.790 (0.630–0.980) 0.730 (0.580–0.920) 0.780 (0.610–0.990) 0.003
Model 3d 1.000 [Reference] 0.800 (0.640–1.000) 0.740 (0.590–0.930) 0.710 (0.560–0.900) 0.004

CVD mortality 107 of 954 95 of 953 63 of 954 58 of 954 NA
Model 1b 1.000 [Reference] 0.810 (0.660–1.000) 0.660 (0.531–0.815) 0.490 (0.396–0.613) <0.001
Model 2c 1.000 [Reference] 0.850 (0.700–1.040) 0.740 (0.600–0.910) 0.620 (0.500–0.780) <0.001
Model 3d 1.000 [Reference] 0.830 (0.670–1.010) 0.740 (0.600–0.920) 0.610 (0.480–0.770) <0.001

OR, odd ratio; HR, hazard ratio; NA, not available.
a Daily dietary niacin intake.
b Crude model.
c Adjusted for age, sex, and BMI.
d Further adjusted race and ethnicity, education level, smoking status, marital status, alcohol consumption, and hypertension.

Table 3. C-index, NRI, IDI comparison across models predicting CVD & CVD mortality in participants.
Model C-index Continuous NRI (95% CI) IDI (95% CI)

Logistic regression model
Model 1: Traditional predictors 0.7460
Model 2: Traditional predictors + niacin 0.7490 0.0900 (0.0150, 0.1600) 0.0030 (0.0008, 0.0046)

Cox proportional hazards model
Model 1: Traditional predictors 0.6590
Model 2: Traditional predictors + niacin 0.6820 0.1310 (0.0830, 0.1680) 0.0100 (0.0050, 0.0150)

C-index, Concordance index; NRI, the net reclassification index; IDI, the continuous integrated discrimination im-
provement.

single dietary recall; (3) We reanalyzed the data, exclud-
ing CKD patients who died within the first 24 months and
had incomplete dietary recall data; (4) In order to do further
studies, we altered the number of knots in the RCS model.
Specifically, we used four knots at the twenty-fifth, fifty,
seventy-five and ninety-five percentiles, and we used five
knots at the fifth, twenty-seventh, fifty, seventy-five, and
ninety-five percentiles. The approaches that were utilized
allowed for a comprehensive investigation of the nonlinear
relationship that exists between the intake of dietary niacin
and the outcomes of cardiovascular health, which in turn
supported the findings of the study.

All of the statistical tests were carried out using a two-
sided approach, and the threshold for significance was es-
tablished at p < 0.05. R program (version 4.2.3, R Foun-
dation for Statistical Computing, Vienna, Austria), was uti-
lized throughout each and every type of statistical analysis.

3. Results
3.1 Patient Characteristics

A total of 3815 patients with CKD were included in
the study that investigated the relationship between niacin
and CVDmortality. Of these patients, 323 had passed away
due to causes connected to CVD. Following the exclusion
of 154 persons due to the absence of CVD information from

individual interviews, a total of 3661 participants were re-
viewed for the purpose of determining the connection be-
tween niacin and the occurrence of CVD. Among these par-
ticipants, 920 were experiencing CVD. The participants’
average age was 57.5 years (SD 18.8), with 2053 individu-
als aged 60 or older (53.8%) and 1825 males (47.8%). We
divided the baseline features of 3815 patients with CKD
into quartiles depending on the amount of dietary niacin
they intaked: quartile 1 (niacin intake <14.67 mg/d, n =
954); quartile 2 (14.67–20.1 mg/d, n = 953); quartile 3
(20.2–27.7 mg/d, n = 954); and quartile 4 (>27.7 mg/d, n =
954), as presented in Table 1.

3.2 Dietary Niacin Intake and the Prevalence of CVD
In Model 3, after adjusting for a range of covariates,

OR and 95%CI for CVDwere calculated for ascending lev-
els of dietary niacin intake. The values were 1.00 for the
quartile 1 (reference), 0.80 (0.64–1.00) for quartile 2, 0.74
(0.59–0.93) for quartile 3, and 0.71 (0.56–0.90) for quartile
4. This analysis revealed a statistically significant decline
across the niacin intake categories (p trend = 0.004), as pre-
sented in Table 2. Moreover, as can be seen in Fig. 2A,
the RCS found that there is inverse association between the
amount of dietary niacin consumed and the risk of develop-
ing CVD (p for Nonlinear = 0.502).
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Table 4. NHANES 2003–2018 CKD participants’ baseline dietary niacin intake & CVD associations.

Characteristic
Odd ratio (95% CI) p value for

interactionQ1, <14.67 mg/da Q2, 14.67–20.1 mg/da Q3, 20.2–27.7 mg/da Q4, >27.7 mg/da

Patients, No. 911/3661 920/3661 921/3661 909/3661
Age, y
<60 1.00 [Reference] 0.56 (0.33–0.94) 0.89 (0.56–1.40) 0.71 (0.45–1.13)

0.11
≥60 1.00 [Reference] 0.92 (0.73–1.16) 0.76 (0.59–0.97) 0.89 (0.68–1.15)

Sex
Male 1.00 [Reference] 0.79 (0.58–1.08) 0.61 (0.45–0.83) 0.47 (0.35–0.63)

0.54
Female 1.00 [Reference] 0.66 (0.50–0.88) 0.56 (0.41–0.76) 0.55 (0.38–0.78)

Race and ethnicity
Mexican American 1.00 [Reference] 0.86 (0.49–1.49) 0.61 (0.34–1.08) 0.45 (0.23–0.83)

0.50
Other Hispanic 1.00 [Reference] 0.78 (0.39–1.53) 0.60 (0.29–1.20) 0.52 (0.23–1.12)
Non-Hispanic White 1.00 [Reference] 0.94 (0.69–1.28) 0.77 (0.56–1.06) 0.71 (0.52–0.98)
Non-Hispanic Black 1.00 [Reference] 0.45 (0.30–0.69) 0.62 (0.42–0.92) 0.50 (0.33–0.75)
Other race 1.00 [Reference] 0.57 (0.24–1.31) 0.41 (0.17–0.96) 0.47 (0.20–1.07)

Educational level
<High school 1.00 [Reference] 0.82 (0.60–1.12) 0.68 (0.48–0.94) 0.72 (0.50–1.02)

0.95High school 1.00 [Reference] 0.78 (0.51–1.18) 0.77 (0.51–1.17) 0.61 (0.39–0.93)
Some college or above 1.00 [Reference] 0.76 (0.54–1.09) 0.63 (0.44–0.90) 0.57 (0.40–0.82)

Marital status
Married 1.00 [Reference] 0.83 (0.65–1.05) 0.67 (0.53–0.86) 0.55 (0.43–0.71)

0.08Divorced 1.00 [Reference] 0.52 (0.29–0.93) 0.83 (0.48–1.44) 0.88 (0.49–1.55)
Unmarried 1.00 [Reference] 0.67 (0.36–1.23) 0.49 (0.26–0.91) 0.75 (0.44–1.30)

BMI (kg/m2)
<25 1.00 [Reference] 0.55 (0.36–0.85) 0.56 (0.35–0.87) 0.59 (0.38–0.91)

0.6225–29.9 1.00 [Reference] 0.88 (0.61–1.28) 0.63 (0.42–0.93) 0.59 (0.39–0.88)
>29.9 1.00 [Reference] 0.83 (0.61–1.11) 0.73 (0.55–0.98) 0.61 (0.45–0.82)

Alcoholic over 4 drinks/day
Yes 1.00 [Reference] 0.86 (0.42–1.76) 0.84 (0.42–1.69) 0.53 (0.27–1.04)

0.72
No 1.00 [Reference] 0.75 (0.61–0.93) 0.64 (0.51–0.79) 0.59 (0.47–0.74)

Smoking status
Current 1.00 [Reference] 0.60 (0.36–0.99) 0.49 (0.29–0.82) 0.54 (0.33–0.87)

0.56Former 1.00 [Reference] 0.56 (0.12–2.44) 0.18 (0.02–1.00) 0.47 (0.13–1.85)
Never 1.00 [Reference] 0.81 (0.65–1.02) 0.72 (0.58–0.91) 0.61 (0.48–0.78)

Hypertension
Yes 1.00 [Reference] 0.82 (0.63–1.06) 0.79 (0.61–1.02) 0.58 (0.44–0.75)

0.10
No 1.00 [Reference] 0.72 (0.51–0.99) 0.50 (0.35–0.72) 0.64 (0.45–0.90)

a Adjusted for age, sex, BMI, race and ethnicity, education level, smoking status, marital status, alcohol consumption, and
hypertension.

3.3 Niacin Intake and Mortality Rates Related to CVD
Model 3 showed the HR and 95% CI for CVD mor-

tality across the different amounts of dietary niacin intake
after the entire set of modifications. Specifically, the values
were 1.00 for the quartile 1 (reference), 0.83 (0.67–1.01) for
quartile 2, 0.74 (0.60–0.92) for quartile 3, and 0.61 (0.48–
0.77) for quartile 4. This analysis showed a statistically sig-
nificant decline across the niacin intake categories (p trend
< 0.001), as detailed in Table 2. Additionally, Fig. 2B il-
lustrates that the RCS identified a substantial linear corre-
lation between CVD mortality and dietary niacin intake (p
for Nonlinear = 0.132).

3.4 Predictive Ability of Dietary Niacin Intake for CVD
In Table 3, Logistic regression model, which solely in-

corporated traditional clinical variables (Model 1), attained
a C-index of 0.746. In addition, incorporating dietary niacin
intake into Model 1 resulted in a modest improvement in
prediction accuracy, with the C-index increasing to 0.749
(Model 2). Additionally, the computed NRI and IDI were
0.09 (95% CI: 0.015–0.16) and 0.003 (95% CI: 0.0008–
0.0046), respectively, when compared to Model 1.

3.5 CVD Mortality Prediction and Dietary Niacin Intake
Similarly, when utilizing the Cox proportional hazards

model with only traditional clinical variables (Model 1), the
C-index was 0.659. Moreover, after adding dietary niacin
intake based on Model 1 (Model 2), led to a slight enhance-
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Table 5. NHANES 2003–2018 CKD participants’ baseline dietary niacin intake & CVD mortality associations.

Characteristic
Hazard ratio (95% CI) p value for

interactionQ1, <14.67 mg/da Q2, 14.67–20.1 mg/da Q3, 20.2–27.7 mg/da Q4, >27.7 mg/da

Patients, No. 954/3815 953/3815 954/3815 954/3815
Age, y
<60 1.00 [Reference] 0.83 (0.47–1.46) 0.49 (0.38–1.54) 0.75 (0.46–1.23)

0.69
≥60 1.00 [Reference] 0.89 (0.72–1.10) 0.78 (0.63–0.96) 0.68 (0.53–0.87)

Sex
Male 1.00 [Reference] 1.09 (0.80–1.48) 0.77 (0.56–1.06) 0.48 (0.35–0.65)

0.69
Female 1.00 [Reference] 0.67 (0.51–0.88) 0.49 (0.36–0.67) 0.41 (0.28–0.58)

Race and ethnicity
Mexican American 1.00 [Reference] 0.71 (0.43–1.20) 0.41 (0.22–0.74) 0.41 (0.21–0.78)

0.67
Other Hispanic 1.00 [Reference] 0.71 (0.32–1.56) 0.60 (0.26–1.37) 0.52 (0.21–1.27)
Non-Hispanic White 1.00 [Reference] 0.77 (0.59–1.00) 0.63 (0.48–0.84) 0.44 (0.33–0.58)
Non-Hispanic Black 1.00 [Reference] 0.55 (0.38–0.79) 0.62 (0.43–0.88) 0.49 (0.34–0.72)
Other raceb 1.00 [Reference] 1.21 (0.52–2.85) 0.91 (0.35–2.36) 1.05 (0.44–2.50)

Educational level
<High school 1.00 [Reference] 0.96 (0.73–1.27) 0.77 (0.57–1.04) 0.48 (0.34–0.69)

0.91High school 1.00 [Reference] 0.57 (0.38–0.86) 0.61 (0.41–0.90) 0.52 (0.35–0.77)
Some college or above 1.00 [Reference] 0.98 (0.68–1.42) 0.72 (0.48–1.07) 0.56 (0.39–0.82)

Marital status
Married 1.00 [Reference] 0.77 (0.61–0.97) 0.61 (0.48–0.77) 0.47 (0.37–0.61)

0.47Divorced 1.00 [Reference] 0.72 (0.42–1.25) 0.75 (0.40–1.44) 0.67 (0.36–1.23)
Unmarried 1.00 [Reference] 1.23 (0.61–2.47) 1.03 (0.49–2.15) 0.63 (0.33–1.19)

BMI (kg/m2)
<25 1.00 [Reference] 0.73 (0.51–1.04) 0.52 (0.35–0.76) 0.36 (0.24–0.55)

0.1525–29.9 1.00 [Reference] 0.71 (0.50–1.02) 0.50 (0.34–0.74) 0.39 (0.26–0.58)
>29.9 1.00 [Reference] 0.97 (0.70–1.33) 0.90 (0.65–1.25) 0.69 (0.50–0.96)

Alcoholic over 4 drinks/day
Yes 1.00 [Reference] 0.94 (0.41–2.16) 0.55 (0.25–1.22) 0.58 (0.26–1.29)

0.56
No 1.00 [Reference] 0.80 (0.65–0.99) 0.66 (0.53–0.83) 0.48 (0.38–0.60)

Smoking status
Current 1.00 [Reference] 0.93 (0.58–1.48) 0.65 (0.39–1.09) 0.49 (0.30–0.80)

0.53Former 1.00 [Reference] 0.52 (0.15–1.84) 1.82 (0.539–2.16) 0.82 (0.23–2.90)
Never 1.00 [Reference] 0.80 (0.64–1.00) 0.63 (0.506–0.80) 0.48 (0.37–0.61)

Hypertension
Yes 1.00 [Reference] 0.84 (0.65–1.08) 0.74 (0.57–0.95) 0.52 (0.39–0.68)

0.39
No 1.00 [Reference] 0.83 (0.59–1.16) 0.55 (0.38–0.81) 0.47 (0.33–0.68)

a Adjusted for age, sex, BMI, race and ethnicity, education level, smoking status, marital status, alcohol consumption, and
hypertension. b People of other ethnic groups.

ment of the C-index to 0.682. In comparison to Model
1, the NRI and IDI that were estimated were 0.131 (95%
CI: 0.083–0.168) and 0.01 (95% CI: 0.005–0.015), respec-
tively, as shown in Table 3.

3.6 Niacin Intake and CVD and Death by Baseline
Parameters

The prevalence of CVD among individuals with CKD
was similar for those with higher dietary niacin intake
(≥14.67 mg/d) and those with lower intake (<14.67 mg/d),
regardless of baseline characteristics (Table 4). There was
no significant interaction found between the concentration
of dietary niacin intake and the baseline features of CVD
in patients with CKD. Moreover, both high and low dietary
niacin intake exhibited similar effects on CVD mortality in

CKD patients across subgroups defined by baseline char-
acteristics (Table 5). The p for interaction examined the
confounder effect on association between niacin and CVD.
For most case, the higher niacin quartile exhibited a lower
risk of CVD.

3.7 Sensitivity Analyses

The original findings of an inverse relationship be-
tween dietary niacin intake and CVD prevalence in CKD
patients were maintained after removing individuals who
died within two years of follow-up (Supplementary Ta-
ble 2). The exclusion of subjects with a single dietary
recall did not notably influence the relationship between
niacin intake and CVD (Supplementary Table 2). Af-
ter removing people who died during the first two years
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of the study and those who only provided a single food
recall, the results still showed strength (Supplementary
Table 2). The findings from the RCS, utilizing differ-
ent quantities of knots—namely, four knots at the twenty-
fifth, fifty, seventy-five and ninety-five percentiles, and we
used five knots at the fifth, twenty-seventh, fifty, seventy-
five, and ninety-five percentiles—were consistent with the
results derived from the model that incorporated 3 knots
(Supplementary Fig. 1A,B). Following the same pattern,
the negative connection between dietary niacin intake and
CVDmortality was observed after eliminating patients who
had gone away during the first two years of the study’s
follow-up (Supplementary Table 3). Even when patients
who reported only a single food recall were excluded from
the study, the link between niacin intake and CVD mortal-
ity remained unchanged (Supplementary Table 3). Partic-
ipants with CKD who had gone away within two years of
the follow-up and had just one dietary recall were removed
from the study. The results were consistent with those ob-
tained from the repeated analysis (Supplementary Table
3). The findings from RCS, incorporating different knot
quantities—four knots at the twenty-fifth, fifty, seventy-
five and ninety-five percentiles, and we used five knots at
the fifth, twenty-seventh, fifty, seventy-five, and ninety-
five percentiles—were consistent with the results from the
model that employed 3 knots (Supplementary Fig. 2A,B).
In this study, P40 was set as the reference standard for all
participants to analyze the association between niacin con-
centration and CVD and its mortality. The results show that
CVD and its mortality decrease significantly with higher
niacin concentration (Supplementary Fig. 3).

4. Discussion
This study systematically investigates the dose-

dependent relationships between dietary niacin intake and
both incident CVD its mortality in CKD populations. This
water-soluble vitamin is crucial for health, demonstrating
considerable benefits for those with CKD [18,19]. CKD-
driven cardiovascular pathogenesis is mechanistically un-
derpinned by chronic low-grade inflammation, atherogenic
dyslipidemia, and redox imbalance, which collectively ac-
celerate vascular remodeling and myocardial injury [20].
Emerging treatment strategies, notably the use of niacin,
offer potential cardiovascular protection for CKD patients.
Previous investigations have examined binary associations
between niacin, CKD, or CVD in isolation. In con-
trast, our integrative analytical framework elucidates the
tri-directional interplay among niacin bioavailability, re-
nal dysfunction, and cardiovascular outcomes, employing
systems biology principles. Despite evidence supporting
niacin’s cardioprotective properties in general populations,
CKD cohorts remain disproportionately burdened by resid-
ual cardiovascular risk, underscoring unmet therapeutic
needs. Our study innovatively reveals niacin’s protective
role against CVD in CKD patients. These results bridge a

critical knowledge gap while providing actionable insights
for precision nutrition strategies in cardio-renal syndrome
management. Specifically, our findings suggest that CKD
patients can reduce their CVD risk and related mortality by
precisely controlling their dietary niacin intake, thus im-
proving prognosis and informing treatment strategies. In
patients with CKD, our study found that there is a sig-
nificant inverse connection between the amount of dietary
niacin consumed and CVD, as well as mortality from CVD.
The association persisted as statistically following rigorous
adjustment for covariates spanning demographic, biochem-
ical, and comorbidity profiles. The fact that we were able to
corroborate these findings led to an increase in our degree
of confidence. This was accomplished by doing stratified
and sensitivity analyses. Furthermore, a prediction model
was constructed in order to evaluate the association between
the amount of dietary niacin available and the risk of CVD
and mortality. It is interesting that multiple subgroup anal-
yses consistently indicated the benefits of increased dietary
niacin intake, highlighting its broad applicability and use-
fulness across diverse groups.

CKD promotes atherosclerosis via chronic inflamma-
tion, heightened reactive oxygen species (ROS), and dis-
ruptions in lipid and electrolyte metabolism, resulting in ni-
tric oxide (NO) deficiency, mitochondrial and DNA dam-
age, and uremic toxin accumulation [21]. The CKD milieu
is characterized by a pro-inflammatory phenotype marked
by elevated circulating levels of CRP, interleukin-6 (IL-
6), and tumor necrosis factor-alpha (TNF-α), which tran-
scriptionally activate profibrotic pathways driving myocar-
dial hypertrophy and extracellular matrix deposition. IL-
6 emerges as a central mediator, potentiating both CKD
progression (via tubular epithelial mesenchymal transi-
tion) and atherosclerotic plaque vulnerability through ma-
trix metalloproteinase-9 induction [22]. Additional inter-
national multicenter studies have demonstrated that ele-
vated IL-6 levels are predictive of risk for all-cause mor-
tality, stroke, and myocardial infarction [23]. A meta-
analysis by the CKD Prognosis Consortium (CKD-PC) also
confirmed this, after adjusting for potential confounders
like diabetes and blood pressure, a lower eGFR and a
higher ACR were independently associated with increased
CVD mortality [24]. CKD-associated dyslipidemia mani-
fests as a distinct atherogenic profile: elevated triglyceride-
rich remnant lipoproteins, small dense LDL particles, and
dysfunctional high density lipoprotein (HDL) depleted of
apolipoprotein A-I, creating a perfect condition for ac-
celerated atherogenesis [25–27]. Uremic toxins, such as
asymmetric dimethylarginine, impair the vascular protec-
tive function of HDL, while hyperphosphatemia facili-
tates the development of vascular smooth muscle cells into
osteoblast-like cells, leading to heart hypertrophy, fibro-
sis, arterial wall thickening, capillary rarefaction, and mi-
crovascular illness [28–30]. This pathophysiological con-
tinuum between renal impairment and cardiovascular dis-
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ease constitutes a multidimensional network where inflam-
matory, metabolic, and hemodynamic perturbations recip-
rocally amplify end-organ damage through positive feed-
back loops.

A growing body of evidence has delineated the patho-
physiological nexus between CKD and CVD, mediated
by dysregulated inflammatory cascades, atherogenic dys-
lipidemia, and systemic oxidative stress [31–33]. Emerg-
ing therapeutic modalities within nephrology research have
identified niacin as a promising pharmacological agent
for attenuating cardiovascular morbidity in CKD cohorts
through pleiotropic mechanisms. In a randomized, double-
blind, placebo-controlled experiment conducted by Rakesh
Malhotra and associates, patients with CKD were adminis-
tered niacin (1500 or 2000 mg/day) or a placebo. Partic-
ipants receiving niacin demonstrated an annual reduction
of 0.08 mg/dL in plasma phosphate levels compared to the
placebo group, correlating with a lower risk of CVD devel-
opment [34]. Niacin can decrease plasma triglycerides and
LDL cholesterol, increase HDL cholesterol, and improve
insulin sensitivity, which helps stabilize blood glucose.
This positively affects phosphate metabolism, thereby op-
timizing lipid metabolism and indirectly influencing phos-
phate metabolism [35]. Furthermore, Roberto S. Kalil and
his team [36] discovered that in a clinical trial, the ad-
dition of extended-release niacin to the control group re-
sulted in a significant reduction in triglycerides and an in-
crease in high-density lipoprotein cholesterol over a three-
year follow-up among CKD participants, despite the com-
parable incidence of CVD events between groups. Another
foundational study found that in a rat model of CKD with
renal ablation, subjects treated with niacin showed signifi-
cant improvement in hypertension, leading to a reduction
in cardiovascular events [37]. A pharmacokinetic study
revealed that Nispan® (an extended-release niacin formu-
lation) effectively treated hypertriglyceridemia with low
high-density lipoprotein levels, a significant factor in CVD,
indirectly reducing the prevalence of CVD [38]. Our inves-
tigation revealed that CKD patients with a dietary niacin
intake below 14.67 mg/d demonstrated a markedly reduced
risk of CVD compared to those with an intake of 14.67mg/d
or more, with results consistent across many models. The
ultimate outcome for CKD patients often involves death
due to comorbidities, with CVD mortality being a leading
cause. A randomized controlled trial analyzing 278 CKD
patients revealed that a higher proportion of these patients
died from cardiovascular causes, with elevated phosphate
levels noted in this group [39]. Notably, another study dis-
covered that niacin may decrease serum phosphate levels
in patients with CKD [40]. Chronic inflammation, often
present in CKD patients, is a significant contributor to CVD
mortality [41]. Recent literature has reported that in 15 ran-
domized controlled trials, niacin significantly reduced in-
flammation levels, thereby suppressing the body’s inflam-
matory response [42]. Niacin exerts anti-inflammatory ef-

fects in macrophages by activating its receptor HM74A.
Specifically, it limits the activation of NF-κB p65 and
IκBα, thereby reducing inflammatory cytokine production.
Moreover, HM74A activation stimulates PPARγ, an anti-
inflammatory nuclear protein. When PPARγ is activated
in macrophages, it boosts ABCA1/ABCG1 expression, pro-
moting cholesterol efflux and reducing foam cell formation,
thus alleviating atherosclerotic lesions [43]. Research indi-
cates that niacin can reduce vascular calcification by acti-
vating the GPR109A receptor. This activation inhibits in-
flammatory cytokine production and release, lessens vascu-
lar wall inflammation, and ultimately reduces vascular cal-
cification [44]. Interestingly, some studies have found that
niacin can enhance endothelial function, reduce local and
systemic inflammation, and promote vascular health. This
protective effect helps maintain normal vascular function
and prevent vascular disease [45]. According to the com-
bined data, one of themain causes of death for CKDpatients
is CVD. However, various studies have demonstrated that
niacinmay decrease CVDmortality through several mecha-
nisms. In our research, we found that during a median sur-
vival period of 7 years (ranging from 4.7 to 10.4 years),
CKD patients with a dietary niacin intake of ≥14.67 mg/d
exhibited significantly lower CVD mortality compared to
those with an intake of<14.67mg/d. Discrepancies in find-
ings across studies may result from statistical biases related
to sample size. Variables linked to both research charac-
teristics and disease outcomes may not be totally constant
among studies, potentially influencing or masking the true
relationship. Variability in study results could be due to the
sample size leading to statistical variations. It is also possi-
ble that characteristics related to both research factors and
disease outcomes are not completely aligned in each study,
which could affect or obscure the actual relationship.

CVD is a leading cause of death globally, it is essential
for patients to be able to estimate its incidence andmortality
risk with accuracy [46]. Some past studies have examined
niacin intake’s link to CVD risk in the general population.
For instance, research has shown an inverse correlation be-
tween dietary niacin intake and CVD risk [47]. Another
study found that higher niacin intake was associated with
lower all-cause mortality in non-alcoholic fatty liver dis-
ease patients, but not necessarily with lower CVD mortal-
ity [48]. However, these studies didn’t focus on CKD pa-
tients, suggesting niacin’s effects may vary across different
disease contexts. CKD patients, characterized by complex
metabolic disturbances and an inflammatory state, have a
different CVD pathogenesis than those already diagnosed
with CVD [49]. In CKD patients, maintaining appropri-
ate niacin levels is crucial for lipid metabolism, inflamma-
tion reduction, and vascular health. Studies investigating
the potential association between niacin intake and CVD
risk have only just begun. Using the C-index, NRI, and
IDI, in this study, which is the first of its type, the predic-
tive potential of dietary niacin intake on the risk of CVD
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and death associated to cardiac disease is investigated. Our
findings indicate that the inclusion of niacin intake in tra-
ditional clinic models can enhance the C-index, reflecting
improved discriminatory power of the model. Moreover,
the NRI of 0.089 (95% CI: 0.015–0.164) and the IDI of
0.003 (95% CI: 0.001–0.005) suggest that dietary niacin
intake significantly improves the reclassification of CVD
risk. Additional evidence that dietary niacin intake plays a
substantial role in predicting the risk ofmortality fromCVD
is provided by an NRI of 0.131 (95% CI: 0.083–0.168) and
an IDI of 0.01 (95% CI: 0.005–0.015) values. Enhance-
ment of the C-index, in the Logistic regression model, the
C-index rose from 0.746 (with only traditional clinical vari-
ables) to 0.847 (with niacin intake included), indicating a
marked improvement in the model’s discriminatory power.
In the Cox proportional hazards model, it increased from
0.6592 to 0.6817. Although the rise was modest, it still
held some predictive value in survival analysis. Improve-
ment in NRI and IDI, the positive values of NRI and IDI
show that the model’s ability to reclassify patient risk be-
came better with the inclusion of niacin intake, allowing for
more precise identification of high and low risk patients.
From a clinical perspective, these improvements suggest:
Better risk stratification, incorporating niacin intake into
models helps doctors more accurately identify CVD high
risk patients, enabling more targeted prevention and treat-
ment. Personalized prevention, for CKD patients, ensuring
adequate niacin intake could be a simple, cost effective way
to reduce CVD risk. Complementing existing tools, despite
limited enhancement, adding niacin intake to current clin-
ical prediction models can improve CVD risk prediction.
This indicates that dietary niacin intake is a significant pre-
dictor of CVD risk. After combining these findings, we
draw the conclusion that dietary niacin intake is a reliable
indicator that improves the precision of estimatingmortality
and CVD risk. The optimal level of the C-index indicates
a high discriminative ability of the model, while the results
for NRI and IDI demonstrate that dietary niacin intake can
markedly improve the reclassification and predictive accu-
racy of disease risk. These discoveries emphasize the im-
portance of dietary niacin intake in the assessment of CVD
risk and offer new perspectives for future research and clin-
ical practice.

Individuals with CKD often grapple with dyslipi-
demia, a factor that elevates the risk of CVD [50]. Re-
search indicated that niacin can reduce triglyceride levels in
the blood, potentially offering a positive impact on decreas-
ing the risk of cardiovascular events [51]. Additionally, in-
dividuals with CKD often endure a persistent state of in-
flammation, which is strongly linked to the advancement of
CVD [52]. Niacin possesses significant anti-inflammatory
properties, able to reduce inflammatory markers such C-
reactive protein (CRP) levels, thereby contributing to a re-
duction of cardiovascular risk [53,54]. As kidney function
declines, CKD patients may encounter an accumulation of

metabolic waste and oxidative stress markers, exacerbat-
ing the damage to the cardiovascular system [55–57]. The
antioxidant effects of niacin help mitigate this damage, fur-
ther reducing the risk of cardiovascular events [58]. Hyper-
phosphatemia, prevalent in CKD patients, can be mitigated
by niacin’s ability to inhibit intestinal phosphate absorp-
tion, aiding in the control of serum phosphorus levels and
minimizing the likelihood of cardiovascular incidents [59–
61]. Endothelial dysfunction, a frequent complication in
CKD patients, is associated with a heightened risk of CVD
[62]. Niacin improves endothelium-dependent vasorelax-
ation and increases the production of NO, which is essen-
tial for maintaining vascular health and preventing CVD.
This is achieved by enhancing the activity of endothelial
nitric oxide synthase (eNOS) [63]. In summary, niacin pos-
itively influences the cardiovascular health of CKD patients
through multiple mechanisms, including the improvement
of dyslipidemia, anti-inflammatory effects, antioxidant ac-
tions, control of serum phosphorus levels, and enhancement
of endothelial function. These effects highlight the impor-
tance of niacin in the management of CKD patients and
offer new perspectives for future research and therapeutic
approaches. CKD patients often necessitate dietary restric-
tions and potentially dialysis, whichmay lead to insufficient
levels of niacin within the body [64]. Our research indicates
that niacin intake for CKD patients should exceed 27.7 mg
per day, a level that can be achieved through the consump-
tion of niacin-rich foods. Furthermore, if optimal niacin
levels are not achieved, niacin supplements can be taken as
needed. The present investigation presents both strengths
and limitations. The strengths are noteworthy: this is the
most comprehensive examination to date of the relation-
ship between dietary niacin intake levels and CVD and its
mortality among CKD patients, considering a wide range
of potential confounding factors. Significant findings were
obtained from predictive studies of the association between
dietary niacin intake levels and CVD and related mortal-
ity in CKD. The results may be more broadly applied since
they are based on a statistically valid sample of persons liv-
ing in the United States who have CKD. However, several
limitations should be considered. There is missing data for
some variables, such as BMI, which may impact the results
when adjusting the model. The research was conducted in
an observational fashion, which means we are unable to es-
tablish a causal association between the two variables. The
National Death Index has a moderate level of accuracy in
classifying CVD mortality, while being a trustworthy in-
dicator of vital condition. We categorized dietary niacin
intake by study population quartiles, which may make our
results not comparable to other research using different cut
points. Furthermore, some potential confounding factors
may not have been adequately considered, leading to the
existence of residual and unidentified confounders that can-
not be completely excluded. Additionally, we recognize the
limitations of NHANES dietary recall data, including re-
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call bias and measurement error, as this self-reported data
depends on participants’ memory, which can be inaccu-
rate. Therefore, we’ve addressed these issues by rigorously
cleaning the data and removing unreliable entries. Mean-
while, the diagnosis of CVD, relying on self-reported physi-
cian diagnoses, has certain limitations. Yet, in line with
most research, this is currently the best method. Lastly,
our observational study of CKD patients reveals a potential
inverse association between high dietary niacin intake and
CVD risk, yet causality cannot be confirmed. A strength
is the use of large-scale population data to identify corre-
lations. However, residual confounding may influence re-
sults despite controlling for known variables. This is cur-
rently the best method. This limitation stems from database
constraints, common in studies based on NHANES. In fu-
ture research, we will incorporate our own clinical data.

5. Conclusions
According to the findings of this cohort study of peo-

ple in the United States who have CKD, a higher intake of
dietary niacin may be associated with a lower risk of CVD
and subsequent mortality. Furthermore, it is clinically note-
worthy that dietary niacin intake levels in CKD patients can
be used to predict CVD and related mortality. The dose-
response connection between dietary niacin and CVD and
death in CKD patients needs further study. This will de-
termine ideal intake. Based on the results of our study, it
is currently recommended that CKD patients should have a
dietary niacin intake of more than 27.7 mg of per day.

In summary, the strengths of this investigation are
noteworthy. This investigation is the most comprehen-
sive examination to date of the relationship between dietary
niacin intake levels and CVD and its mortality among CKD,
considering a wide range of potential confounding factors.
Furthermore, significant findings were obtained from pre-
dictive studies of the association between dietary niacin in-
take levels and CVD and related mortality in CKD. The re-
sults may be more broadly applied since they are based on
a statistically valid sample of persons living in the United
States who have CKD.
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