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ABSTRACT
Objective To investigate the association between red 
cell distribution width (RDW) and the RDW to platelet 
count ratio (RPR) and cardiovascular diseases (CVDs) 
and to further investigate whether the association 
involves population differences and dose–response 
relationships.
Design Cross- sectional population- based study.
Setting The National Health and Nutrition Examination 
Survey (1999–2020).
Participants A total of 48 283 participants aged 20 years 
or older (CVD, n=4593; non- CVD, n=43 690) were included 
in this study.
Primary and secondary outcome measures The 
primary outcome was the presence of CVD, while the 
secondary outcome was the presence of specific CVDs. 
Multivariable logistic regression analysis was performed 
to determine the relationship between RDW or the RPR 
and CVD. Subgroup analyses were performed to test the 
interactions between demographics variables and their 
associations with disease prevalence.
Results A logistic regression model was fully adjusted 
for potential confounders; the ORs with 95% CIs for CVD 
across the second to fourth quartiles were 1.03 (0.91 
to 1.18), 1.19 (1.04 to 1.37) and 1.49 (1.29 to 1.72) for 
RDW (p for trend <0.0001) compared with the lowest 
quartile. The ORs with 95% CIs for CVD across the second 
to fourth quartiles were 1.04 (0.92 to 1.17), 1.22 (1.05 to 
1.42) and 1.64 (1.43 to 1.87) for the RPR compared with 
the lowest quartile (p for trend <0.0001). The association 
of RDW with CVD prevalence was more pronounced in 
females and smokers (all p for interaction <0.05). The 
association of the RPR with CVD prevalence was more 
pronounced in the group younger than 60 years (p for 
interaction=0.022). The restricted cubic spline also 
suggested a linear association between RDW and CVD 
and a non- linear association between the RPR and CVD (p 
for non- linear <0.05).

Conclusion There are statistical heterogeneities in the 
association between RWD, RPR distributions and the CVD 
prevalence, across sex, smoking status and age groups.

INTRODUCTION
Studies have shown that the global cardio-
vascular disease (CVD) prevalence increased 
from 271 million in 1990 to 523 million in 
2019, with deaths increasing from 12.1 million 
to 18.6 million.1 Despite recent improve-
ments in medications and devices, mortality 
and morbidity remain high in patients with 
CVDs. Several indicators and risk factors 
have been previously identified for tradi-
tional CVD assessment, but those that can 
be used routinely in the clinical setting are 
relatively limited.2 Many patients with CVD 
have no traditional risk factors3; however, 
these patients have the highest number of 
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rigour of its measures ensure the statistical power 
and reliability of our results.
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dardised data collection methods allows for com-
parison with other studies.

 ⇒ Interaction tests in subgroup analysis verified the 
reliability of the results and identified potential inter-
actions in different strata.

 ⇒ This study was limited by its cross- sectional design, 
and no causal relationships could be determined.
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cardiovascular events.4 A large number of studies have 
reported the association of new risk factors with CVD.5 
In recent years, some studies have shown a correlation 
between peripheral blood cells and CVD6; however, these 
studies are mostly limited to small cohorts and have some 
limitations.7

A complete blood count (CBC) is one of the most 
commonly used laboratory tests in clinical practice, and 
automated cell counters are routinely available in many 
clinical laboratories for determining red cell distribution 
width (RDW), platelet count and the RDW to platelet 
count ratio (RPR).8 Recent studies have shown that RDW 
is elevated to varying degrees in a variety of haemato-
logical diseases, acute inflammatory reactions, coronary 
heart disease (CHD) and congestive heart failure (CHF) 
and has a role in the diagnosis and prognosis of disease.9 
Previous studies have shown the RPR to be useful in the 
prognosis of pancreatitis, neonatal sepsis,10 hepatitis, 
hepatic fibrosis11 and burn patients12 as a new predictor 
of acute myocardial infarction.13

However, previous studies of the association of the RDW 
and RPR with CVD have some limitations. First, previous 
studies have had small sample sizes and used different 
methods to adjust for potential confounders; therefore, 
the independence of association with identified CVD risk 
factors cannot be reliably inferred. Second, studies have 
used inconsistent disease definitions, preventing stan-
dardised analysis of CVD subtypes or direct comparisons 
of associations with the RDW and RPR in multiple condi-
tions. Most importantly, few large cross- sectional studies 
have explored population differences, and no studies 
of dose–response relationships have been conducted to 
explore key inflection points for these metrics.14–16

To address the above limitations, this large cross- 
sectional study aimed to assess the relationship between 
RDW and the RPR and CVD.

MATERIALS AND METHODS
Study population
The National Health and Nutrition Examination Survey 
(NHANES) is an ongoing survey17 conducted by the 
National Center for Health Statistics of the Centers for 
Disease Control and Prevention (CDC) to measure 
the health and nutrition status of the civilian non- 
institutionalised US population. This survey combines 
detailed in- person interviews, physical examinations, 
computer- based questionnaires and laboratory tests to 
collect a large amount of quantitative and qualitative 
data.18 More detailed information about the NHANES, 
sample selection and data collection methodology can be 
found on the NHANES website. This study was performed 
according to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines19 for reporting 
observational studies.

For this study, we used NHANES data collected from 
1999 to 2020. The inclusion criterion for the study was 
subjects aged ≥20 years. Patients with missing data for 

CVD information, RDW, platelet count and covariates 
were excluded. In the 1999–2020 cycle of the NHANES, 
116 876 participants completed the survey. In the 
current study, individuals aged <20 years were excluded 
(N=52 563). Participants without complete CVD, RDW 
and platelet count information (n=7011) were also 
excluded. In addition, participants with missing covariate 
data were excluded from the analysis (N=4086). Partic-
ipants with cancer were also excluded (N=4933). Ulti-
mately, 48 283 participants participated in our study, as 
shown in figure 1.

Assessment of RDW, the RPR and CVD
Blood specimens were collected at NHANES mobile 
examination centres (MECs). Detailed specimen collec-
tion and processing instructions are discussed in the 
NHANES Laboratory/Medical Technologists Procedures 
Manual. The RDW and platelet count were included in 
the CBC and processed via a Beckman Coulter MAXM 
Instrument, which derives CBC parameters based on the 
Beckman Coulter method of counting, sizing, automatic 
diluting and mixing for sample processing. A detailed 
description of the laboratory methods can be found on 
the NHANES website. The RPR was defined as the RDW 
to platelet ratio (ie, RPR=RDW/platelet count).

The primary outcome was the presence of CVD, while 
the secondary outcomes included CHF, CHD, angina, 
heart attack and stroke. In this study, we defined total 
CVD outcomes as any positive self- reported physician 

Figure 1 Flow chart of eligible National Health and Nutrition 
Examination Survey (NHANES) participants included in this 
study. BMI, body mass index; CKD, chronic kidney disease; 
CVD, cardiovascular disease; PLT, platelet; RDW, red cell 
distribution width.
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diagnosis of CHF, CHD, angina, heart attack or stroke. 
The medical conditions section contains self- reported 
data from personal interviews on a wide range of health 
issues, including CHF, CHD, angina, heart attack and 
stroke. The participants were asked ‘Has a doctor or other 
health professional ever told you that you have CHF/
CHD/angina/heart attack/stroke?’. CVDs were consid-
ered to exist if any of the above questions were answered 
positively.

Covariates
We considered the following factors as potential covari-
ates in the present study, which have been suggested to be 
associated with CVD, the RDW and the RPR according to 
previous studies.20 21

The demographic variables included age, sex, race and 
education. Education was stratified as <9th grade, 9th to 
11th grade, high school graduate, some college or an AA 
degree, and college graduate or above, as recorded in the 
original survey. Lifestyle factors, such as smoking status, 
were obtained by self- reports. Individuals who reported 
smoking less than 100 cigarettes in their life were classi-
fied as never smokers, those who smoked more than 100 
cigarettes in their life and had quit smoking were consid-
ered former smokers, and those who smoked more than 
100 cigarettes in their life and smoked some days or every 
day were considered current smokers. Body mass index 
(BMI) was measured at an MEC using standard protocols.

Laboratory parameters included red haemoglobin 
levels, mean red blood cell volume, serum iron, total 
cholesterol (TC), high- density lipoprotein cholesterol 
(HDL) and triglyceride (TG) levels. Serum specimens 
were processed, stored and shipped to Cooperative 
Laboratory Services in Ottumwa, Iowa for analysis. Iron 
concentrations were measured using the DcX800 
method. Serum lipid profiles were collected by using a 
haematology analyser; CBC parameters were measured as 
detailed in the previous paragraph.

Medical history included diabetes mellitus, hyperten-
sion, chronic kidney disease (CKD) and anaemia treat-
ment: diabetes was defined as a diagnosis from a doctor 
or other health professional, an HbA1c level (%) >6.5, a 
random blood glucose level (mmol/L) ≥11.1 or the use 
of medication or insulin for diabetes. CKD was defined as 
an estimated glomerular filtration rate (eGFR) <60 mL/
min/1.73 m2 or an albumin–creatinine ratio of 30 mg/g. 
eGFR was calculated according to the CKD Epidemiology 
Collaboration equation.22 Hypertension was defined as a 
diagnosis by a physician or other health professional and 
an average blood pressure ≥130/80 mm Hg or the use of 
medication for hypertension.23

Statistical analysis
Continuous variables are expressed as the weighted 
mean±SD and were compared using the t- test, whereas 
categorical variables are expressed as weighted percent-
ages (95% CIs) and were compared using the Rao- Scott 
χ2 test. Multivariable logistic regression analysis was used 

to assess the association between RDW and the RPR and 
CVD and to determine ORs and 95% CIs while adjusting 
for confounding variables.

We used multivariate logistic generalised linear models 
to determine the relationship between RDW and the 
RPR and CVD. Model 1 was adjusted for sex, age and 
race. Model 2 was adjusted for model 1 plus education, 
smoking status, BMI, diabetes, hypertension, CKD and 
history of anaemia treatment. Model 3 was adjusted for 
model 2 plus haemoglobin, mean blood cell volume, 
iron, TG, HDL and TC. We tested the variance inflation 
factors of each covariate using the vif() function in R. The 
variance inflation factors of each variable were <5, which 
did not indicate the presence of multicollinearity in the 
covariates.

Subgroup analysis stratified by age, sex, smoking status, 
diabetes, CKD and hypertension was also conducted 
using stratified multivariate regression analysis, covariates 
that were not analysed in subgroups were included in the 
model as covariates in the logistic regression. Additionally, 
we tested the interaction with a likelihood ratio test, and 
the interaction test clarified the heterogeneity of correla-
tions between subgroups. Moreover, we constructed 
restricted cubic spline (RCS) to analyse the non- linear 
relationship. According to Harrell’s suggestion,24 the 
curve works best when the number of nodes is four, and 
the key nodes were not known. We used an RCS with four 
knots at the 5th, 35th, 65th and 95th percentiles to model 
the non- linear relationship between the log2- transformed 
RDW and RPR with total and individual CVD.

Weights, created by the CDC, account for the complex 
survey design of NHANES (including oversampling), 
survey non- response and poststratification adjustment to 
match total population counts from the USA. According 
to the NHANES analysis guidelines, in our study, data 
from 1998 to 2020 were combined; for all analyses 
combining data from 1999 to 2000 with data from other 
survey periods, we constructed combined sample weights 
using 4- year weights from 1999 to 2002 and 2- year weights 
from each additional survey period.

All statistical analyses were performed using R’s statis-
tical software25 (V.4.1.3) package (https://www.R-project. 
org, The R Foundation). All statistical tests were two- 
tailed, and a p value less than 0.05 was considered statisti-
cally significant.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Baseline characteristics of the sample population
The sample in the present study included 48 283 partic-
ipants, representing 179 161 725 non- institutionalised 
adults (20 years of age and older) in the USA. As shown 
in table 1, the mean age of the surveyed population was 

https://www.R-project.org
https://www.R-project.org
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45.65±0.17 years. Of the participants, 66.48% (62.76 to 
70.21) were non- Hispanic white and 50.47% (48.80 to 
52.14) were women. The average RDW was 13.05±0.01 in 
the total population, and the average RPR was 0.05±0.001. 
The prevalence of CVD was 7.34% (6.88 to 7.80), while 
that of CHF, CHD, angina, heart attack and stroke was 
1.84% (1.68 to 2.00), 2.97% (2.70 to 3.24), 2.06% (1.85 

to 2.26), 2.86% (2.62 to 3.11) and 2.38% (2.19 to 2.57), 
respectively.

Among participants with CVD, the mean age was 
62.94±0.29 years, of which 55.15% (53.06 to 57.24) were 
men and 73.35% (71.13 to 75.56) were non- Hispanic 
white. The RDW and RPR were significantly different 
between the groups with and without CVD. Participants 

Table 1 General characteristics of included participants (n=48 283) according to the presence or absence of CVD in the 
National Health and Nutrition Examination Survey 1999–2020

Characters Overall (n=48 283) Non- CVD (n=43 690) CVD (n=4593) P value

Age, year 45.65±0.17 44.28±0.16 62.94±0.29 <0.0001

Sex <0.0001

  Female 50.47 (48.80 to 52.14) 50.92 (50.42 to 51.42) 44.85 (42.76 to 46.94)

  Male 49.53 (47.91 to 51.15) 49.08 (48.58 to 49.58) 55.15 (53.06 to 57.24)

Education <0.0001

  Less than 9th grade 5.74 (5.34 to 6.14) 5.40 (5.00 to 5.80) 10.01 (8.85 to 11.17)

  9th–11th grade 10.92 (10.30 to 11.54) 10.51 (9.94 to 11.08) 16.09 (14.72 to 17.47)

  High school graduate 24.40 (23.18 to 25.62) 24.14 (23.34 to 24.95) 27.66 (25.62 to 29.70)

  College degree 30.99 (29.80 to 32.18) 31.18 (30.42 to 31.93) 28.65 (26.91 to 30.38)

  College or above 27.95 (26.33 to 29.57) 28.77 (27.41 to 30.13) 17.59 (15.57 to 19.61)

Race <0.0001

  Mexican American 8.78 (7.82 to 9.73) 9.12 (8.06 to 10.19) 4.42 (3.54 to 5.30)

  Non- Hispanic black 11.15 (10.24 to 12.05) 11.07 (10.03 to 12.11) 12.15 (10.74 to 13.56)

  Non- Hispanic white 66.48 (62.76 to 70.21) 65.94 (63.98 to 67.89) 73.35 (71.13 to 75.56)

  Other Hispanic 6.17 (5.37 to 6.97) 6.34 (5.50 to 7.18) 4.03 (3.21 to 4.85)

  Other race 7.42 (6.83 to 8.02) 7.53 (6.90 to 8.17) 6.05 (5.01 to 7.09)

Smoking status <0.0001

  Never 54.87 (53.09 to 56.65) 56.06 (55.15 to 56.98) 39.78 (37.84 to 41.72)

  Former 23.61 (22.51 to 24.71) 22.49 (21.84 to 23.13) 37.81 (35.94 to 39.68)

  Now 21.52 (20.52 to 22.52) 21.45 (20.71 to 22.19) 22.41 (20.75 to 24.07)

Treatment anaemia 2.99 (2.77 to 3.21) 2.68 (2.48 to 2.89) 6.88 (5.93 to 7.83) <0.0001

Diabetes 10.74 (10.27 to 11.21) 9.07 (8.69 to 9.45) 31.83 (30.27 to 33.40) <0.0001

Hypertension 46.36 (44.58 to 48.13) 43.64 (42.81 to 44.48) 80.63 (78.96 to 82.30) <0.0001

CKD 12.86 (12.29 to 13.43) 10.96 (10.54 to 11.39) 36.81 (35.10 to 38.52) <0.0001

BMI (kg/m2) 28.85±0.07 28.71±0.07 30.59±0.14 <0.0001

Haemoglobin (g/L) 14.35±0.02 14.37±0.02 14.11±0.04 <0.0001

MCV (fL) 89.51±0.07 89.43±0.07 90.49±0.11 <0.0001

RDW (%) 13.05±0.01 13.01±0.01 13.56±0.03 <0.0001

Platelet count (%) 254.18±0.64 255.65±0.65 235.59±1.51 <0.0001

Iron (µg/dL) 88.00±0.28 88.43±0.28 82.56±0.77 <0.0001

TG (mg/dL) 148.40±1.02 146.81±1.06 168.58±2.47 <0.0001

HDL (mg/dL) 52.96±0.16 53.20±0.16 49.84±0.41 <0.0001

TC (mg/dL) 195.14±0.36 195.87±0.38 186.03±1.11 <0.0001

RPR 0.05±0.001 0.05±0.001 0.06±0.001 <0.0001

Values indicate the weighted mean±SD or weighted % (95% CI). The results are weighted based on the survey. P values are weighted.
BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease; HDL, high- density lipoprotein; MCV, mean corpuscular 
volume; RDW, red cell volume distribution width; RPR, RDW- to- platelet ratio; TC, total cholesterol; TG, triglyceride.
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with CVD tended to be older, have lower education 
and BMI levels, and have higher rates of hypertension, 
diabetes, CKD and smoking. In addition, there were 
significant differences in sex, race and various laboratory 
indicators in participants with CVD compared with those 
without CVD (all p<0.0001).

Association between the RDW and RPR and total CVD
RDW levels were positively associated with CVD preva-
lence in multivariable logistic regression analyses. In the 
fully adjusted model, the ORs (95% CIs) for CVD preva-
lence across the RDW quartiles were 1.03 (0.91 to 1.18), 
1.19 (1.04 to 1.37) and 1.49 (1.29 to 1.72) (p for trend 
<0.0001) compared with the first quartile (see table 2). 
This characteristic of increased ORs for CVD prevalence 
with increased RDW levels remained in the other two 
adjusted models (all p for trend <0.0001).

In all three logistic regression models (table 2), RPR 
levels were also positively associated with CVD prevalence 
(all p for trend <0.0001). Participants with RPR levels in 
higher quartiles had higher odds of CVD than those in 
the lowest reference quartile, with ORs (95% CI) of 1.04 
(0.92 to 1.17), 1.22 (1.05 to 1.42) and 1.64 (1.43 to 1.87), 
respectively, for the fully adjusted model.

Association between RDW and individual CVDs
Our data show that high RDW levels are positively associ-
ated with high CVD prevalence (table 3). In fully adjusted 
logistic regression model 3, the third and fourth RDW 
quartiles were associated with higher CHF and heart 
attack prevalence compared with the lowest RDW quar-
tile (p for trend <0.0001); the ORs (95% CIs) for CHF 
were 1.51 (1.11 to 2.04) and 2.82 (2.08 to 3.82) and ORs 
(95% CIs) for heart attack were 1.30 (1.04 to 1.63) and 
1.58 (1.27 to 1.97), respectively. In the analysis of CHD 
and stroke, the highest RDW quartile was shown to be 
associated with higher disease prevalence (p for trend 
<0.05), with ORs (95% CI) of 1.49 (1.20 to 1.86) and 1.33 
(1.06 to 1.68) for CHD and stroke, respectively. There 
was no correlation between RDW levels and angina (p for 
trend >0.05).

Association between RPR and individual CVDs
Our data show similar trends in the relationship between 
RPR and individual CVD prevalence (table 3). In model 
3, the odds of CHF were higher (p for trend <0.0001) 
for all participants in the second, third and fourth RPR 
quartiles, with ORs (95% CI) of 1.49 (1.12 to 1.97), 1.70 
(1.25 to 2.31) and 2.25 (1.75 to 2.89), respectively. In the 
CHD and heart attack populations, participants in the 

Table 2 Adjusted ORs for associations between RDW, RPR and total cardiovascular disease

Cases N

Model 1 Model 2 Model 3

OR (95% CI)
P value

OR (95% CI)
P value

OR (95% CI)
P value

RDW (%)

  Q1 (9.700–12.400) 678 12 761 Ref. Ref. Ref.

  Q2 (12.400–13.000) 924 12 344 1.07 (0.95 to 1.21) 1.03 (0.90 to 1.16) 1.03 (0.91 to 1.18)

  p=0.245 p=0.690 p=0.629

  Q3 (13.000–13.700) 1181 11 414 1.33 (1.17 to 1.51) 1.22 (1.06 to 1.40) 1.19 (1.04 to 1.37)

  p<0.0001 p=0.005 p=0.013

  Q4 (13.700–37.800) 1810 11 764 1.97 (1.73 to 2.25) 1.54 (1.35 to 1.76) 1.49 (1.29 to 1.72)

  p<0.0001 p<0.0001 p<0.001

  P for trend <0.0001 <0.0001 <0.0001

RPR

  Q1 (0.013–0.045) 706 12 108 Ref. Ref. Ref.

  Q2 (0.045–0.053) 909 12 681 1.01 (0.90 to 1.14) 1.03 (0.92 to 1.17) 1.04 (0.92 to 1.17)

  p=0.887 p=0.587 p=0.572

  Q3 (0.053–0.064) 1062 11 607 1.15 (1.00 to 1.33) 1.25 (1.08 to 1.45) 1.22 (1.05 to 1.42)

  p=0.046 p=0.004 p=0.009

  Q4 (0.064–1.650) 1916 11 887 1.70 (1.50 to 1.92) 1.76 (1.55 to 2.00) 1.64 (1.43 to 1.87)

  p<0.0001 p<0.0001 p<0.0001

  P for trend <0.0001 <0.0001 <0.0001

Model 1 adjusted for: sex, age and race. Model 2 was adjusted for model 1 plus education, smoking status, body mass index, diabetes, 
hypertension, chronic kidney disease and history of anaemia treatment. Model 3 was adjusted for model 2 plus haemoglobin, mean blood cell 
volume, iron, triglyceride, high- density lipoprotein and total cholesterol. The results are weighted based on the survey.
RDW, red cell distribution width; RPR, red cell distribution width–platelet ratio.
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third and fourth RPR quartiles had higher odds of having 
CHD or heart attack compared with the first RPR refer-
ence quartile (p for trend <0.0001), with ORs (95% CIs) 
of 1.34 (1.06 to 1.70) and 1.93 (1.54 to 2.44), respectively, 
for CHD. The ORs (95% CIs) for heart attack were 1.42 
(1.13 to 1.77) and 1.67 (1.35 to 2.08), respectively. Anal-
ysis of the risk of angina and stroke prevalence showed 
that participants with RPR levels in the fourth quartile 
were more likely to have angina and stroke (p for trend 
<0.01), with ORs (95% CIs) of 1.38 (1.09 to 1.76) and 
1.37 (1.11 to 1.70), respectively.

Dose–response relationship between the RDW and RPR and 
CVD
We used an RCS model with four knots (at the 5th, 35th, 
65th and 95th percentiles) to simulate the relationship 
between the RDW and RPR and total CVD risk. RCS 
analysis of RDW using natural logarithm transformation 
suggested (figure 2) a linear relationship between the 
RDW and total CVD risk (p for non- linearity=0.1667) and 
a non- linear association between the RPR and total CVD 

risk (p for non- linearity <0.001), with an inflection point 
occurring at a log2- transformed RPR of −4.562 (figure 3).

The RCS of log2- transformed RDW levels suggests a 
non- linear association between RDW levels and CHF and 
CHD (p for non- linearity <0.05). The log2- transformed 
RDW with CHD and angina shows a saturation effect, 
which occurs at the log2- transformed RDW=3.8354. The 
RCS plot showed a non- linear association between log2- 
transformed RPR levels and CHF, CHD and heart attack 
(p for non- linearity <0.05), and an inflection point occur-
ring at a log2- transformed RPR of −3.9833.

Subgroup analyses
Considering the effect of different characteristics on CVD 
risk (table 4), we performed subgroup analysis to verify 
whether the effect of RDW and RPR levels on the risk 
of CVD was constant. Significant interaction was found 
between RDW and total CVD risk stratified by sex and 
smoking status (interaction p values of 0.026 and 0.023, 
respectively); a significant interaction in association 
between total CVD prevalence age, RPR quartile were 
found (interaction p=0.022). The interaction suggests 

Figure 2 Restricted cubic spline plot of the association 
between RDW and CVD (A), CHF (B), CHD (C), angina (D), 
heart attack (E), stroke (F). RDW was log2- transformed. 
Adjustments were made according to gender, age, race, 
education, smoking status, body mass index, diabetes, 
hypertension, chronic kidney disease, history of anaemia 
treatment, haemoglobin, mean blood cell volume, iron, 
triglyceride, high- density lipoprotein and total cholesterol. 
The results are weighted based on the survey. P indicates 
the results of a test for non- linearity. CHD, coronary heart 
disease; CHF, congestive heart failure; CVD, cardiovascular 
disease; RDW, red cell distribution width.

Figure 3 Restricted cubic spline plot of the association 
between RPR and CVD (A), CHF (B), CHD (C), angina (D), 
heart attack (E), stroke (F). RPR was log2- transformed. 
Adjustments were made according to gender, age, race, 
education, smoking status, body mass index, diabetes, 
hypertension, chronic kidney disease, history of anaemia 
treatment, haemoglobin, mean blood cell volume, iron, 
triglyceride, high- density lipoprotein and total cholesterol. 
P indicates the results of a test for non- linearity. CHD, 
coronary heart disease; CHF, congestive heart failure; CVD, 
cardiovascular disease; RPR, red cell distribution width- to- 
platelet ratio.
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that, unlike in males, in females, the prevalence of CVD 
increases when the RDW is classified in a quartile higher 
than the first quartile; similarly, the prevalence of CVD 
increases in the smoking population when the RDW is 
classified in a quartile higher than the second quartile 
compared with the non- smoking population. The OR 
between RPR upper quartiles and RPR first quartile are 
significantly different in two age groups. In the remaining 
subgroup analyses, the interaction effect was not signif-
icant (p for interaction >0.05), indicating consistent 
results across subcomponent layers and reliable findings.

DISCUSSION
Our cross- sectional study showed that high RDW and RPR 
levels were associated with a high prevalence of total CVD 
and individual CVD, and this association remained after 
adjusting for multiple covariates, including demographic 
variables, traditional risk factors, lipids and blood counts. 
The fourth quantile RDW and RPR across all subgroup 
analysis indicates a significant higher CVD prevalence 
compared with first quartile, there was an interaction 
between elevated RDW levels and increased CVD preva-
lence in women and in the smoking population, as well 
as between elevated RPR levels and increased CVD preva-
lence in younger age groups (age <60 years).

The present study extends previous work on this 
topic.21 26 27 In 2009, Perlstein et al,21 with the aid of 
the NHANES III database, examined RDW and CVD 
mortality and all- cause mortality and found that a high 
RDW level was associated with all causes of death and 
that this relationship was not specific to CVD. In a meta- 
analysis by Hou et al27 examining the prognostic impact of 
RDW on CVD risk, which included 28 studies and 102 689 
participants, the combined HR associated with all- cause 
mortality was 1.12 (95% CI 1.09 to 1.15) for every 1% 
increase in the RDW level, and that associated with major 
adverse cardiac events was 1.12 (95% CI 1.09 to 1.15) for 
every 1% increase in the RDW level (95% CI 1.08 to 1.17).

Our study has some innovations based on previous 
research. The results of our subgroup analysis suggest 
that women, smokers and young populations are partic-
ular groups of interest in this study area. In females and 
in the smoking population, the RDW showed an interac-
tion effect.28 The association between high RDW levels 
and CVD in female patients has also been previously 
reported.29 The authors attribute this to women seeking 
more medical advice, but Lassale et al’s6 study showed 
the opposite, with high RDW levels in men indicating 
a higher risk of CVD; therefore, this direction requires 
more research in the future. In addition, Borné et al’s30 
study showed a significant interaction between RDW and 
smoking on the incidence of coronary events; however, 
a high RDW level was also correlated with CVD in both 
ex- smokers and non- smokers, so it is unlikely that the asso-
ciation between RDW levels and CVD can be explained 
exclusively by smoking. A possible explanation is that 
smoking itself is a high risk factor for CVD, in addition 
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to the fact that smoking can cause elevated RDW levels,31 
which is indirectly associated with a high prevalence of 
CVD. In the younger population (aged <60 years), there 
is an interaction between high RPR levels and CVD; 
however, there are few studies examining RPR levels and 
CVD, and more studies are needed to investigate the 
relationship in the future. In future population- based 
CVD screening, if examiners find elevated RDW levels 
in women or smokers or elevated RPR levels in younger 
populations, increased attention should be given to these 
individuals.

The data from this study suggest that high RDW and 
RPR levels are associated with an increased incidence of 
CVD. In the RCS analysis, we found the saturation effect 
occurred at a log2- transformed RDW of 3.8354. Before 
the point, the prevalence of CHD and angina increased 
rapidly with increasing RDW levels, but after the point, 
this prevalence levelling off . A U- shaped correlation was 
shown between RPR levels and CVD prevalence, with the 
prevalence of CVD decreasing with increasing RPR levels 
and an inflection point at a log2- transformed RPR of 
−4.562, where the prevalence of CVD was lowest, followed 
by a gradual increase in CVD prevalence. Few previous 
studies have evaluated the correlation between RPR levels 
and CVD prevalence,16 and most have shown that the 
risk of various inflammation- related diseases gradually 
increases with increasing RPR levels; however, due to the 
limited sample size, whether this correlation was linear 
was not discussed. The present study has made progress 
on the basis of these studies.11

CVDs are a group of systemic, progressive, inflamma-
tory diseases.32 The half- life of red blood cells is higher 
than that of bilirubin and albumin; therefore, the RDW 
represents a more stable index.33 One possible inference 
is that inflammation, increased adrenergic and neuro-
endocrine system activity, and activation of the renin 
angiotensin system lead to an increase in RDW levels.34 
Under acute inflammatory conditions, oxidative stress is 
also effective in increasing RDW levels through damage 
to the erythrocyte membrane and the release of imma-
ture erythrocytes from the bone marrow into the periph-
eral blood.7 One inference against the relevance of the 
RPR to CVD is that thrombosis and inflammation play 
an important role in the pathophysiology of CVD, and 
reduced platelet counts are associated with an increased 
extent and degree of coronary stenosis, mean platelet 
volume, and platelet aggregability.35 Activated platelets 
attach to the vessel wall at coronary plaque rupture sites, 
triggering arterial thrombosis and leading to ischaemia or 
infarction. Platelets release inflammatory markers, such 
as soluble CD40 ligand and β-globulin, and directly stim-
ulate inflammatory cells, which leads to further release 
of inflammatory markers.36 As a new marker and a more 
powerful predictor of significant fibrosis, the RPR reflects 
the severity of inflammation. The RPR is used in clinical 
practice along with concomitant assessments, and it may 
be a useful and important marker for predicting mortality 
in patients with certain chronic diseases.37

The strengths of this study include the representative 
sample of a large general population from the NHANES, 
the exploration of non- linear relationships, and covariate 
adjustment. However, our study has several limitations. 
A single measurement of RDW and platelet levels in the 
blood may not be representative of long- term changes. 
Second, this was a cross- sectional study, which limits our 
ability to make causal interpretations. In addition, the 
inability to include inflammatory indicators such as C 
reactive protein levels in the covariates due to inconsis-
tencies in measurement methods may bias the results.

CONCLUSIONS
Elevated RDW and RPR levels were positively correlated 
with increased CVD prevalence, and RPR levels were 
non- linearly correlated with CVD prevalence. The inter-
action suggested that elevated RDW levels in women 
and smokers and elevated RPR levels in those aged <60 
years imply high CVD prevalence. However, the RDW/
RPR mechanisms associated with CVD need to be further 
investigated.
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