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The potential of platelet to high-
density lipoprotein cholesterol
ratio (PHR) as a novel biomarker for
heart failure

Boyu Wang?, Jiameng Wang'2, Changxing Liu%? & Xinying Hu'**

Heart failure (HF) is closely linked to platelet counts and lipid levels. The platelet-to-high-density
lipoprotein cholesterol ratio (PHR) is a novel marker for assessing cardiovascular disease. This study
investigates the relationship between PHR and HF. We analyzed data from ten consecutive NHANES
survey cycles (1998-2018), focusing on self-reported HF diagnoses with complete PHR information.
PHR was calculated as platelet count divided by HDL-C (mmol/L). A multivariate logistic regression
model was used to examine the association between PHR and HF, with subgroup analyses to identify
potential influencing factors. RCS curve plotting and threshold effect analysis were employed to
describe non-linear relationships. The study included 31,410 adults aged 20-85 years. The multivariate
logistic regression indicated that individuals with the highest PHR had 82% increased likelihood of HF
compared to those with the lowest PHR (OR=1.82; 95% Cl, 1.37-2.40, P < 0.001). Subgroup analyses
revealed no significant interactions between PHR and specific subgroups (P > 0.05), except in those
with alcohol consumption (yes/no) and BMI subgroups (P < 0.05). The association between PHR and HF
was non-linear, with a notable turning point at 281.53. Elevated PHR is significantly associated with
HF, suggesting it may serve as an effective clinical indicator for monitoring HF risk. Larger prospective
cohort studies are needed to validate these findings and further assess the clinical utility of PHR in
cardiovascular risk assessment.

Keywords Platelet-to-high-density lipoprotein cholesterol ratio, Heart failure, Cross-sectional study,
NHANES, Risk

Heart Failure (HF) is characterized by abnormal changes in the structure and function of the heart, leading
to increased intracardiac pressure or inadequate cardiac output during rest or exertion. These changes result
in a complex clinical syndrome manifesting as dyspnea, edema, fatigue, and elevated jugular venous pressure,
representing the end stage of various cardiovascular diseases'. In Europe, the current prevalence of HF in
the general population is approximately 0.3%, and about 5% among adults®. In recent years, thanks to better
management of cardiovascular diseases, the incidence of HF appears to be declining. However, with the
increasing global aging population, the overall prevalence of HF is indeed rising>*. The incidence of HF is
approximately 1% among people under 55 years of age, but about 10% in the population around 70 years old>®.
Therefore, the risk and management of HF have become significant public health concerns.

Platelets, which are fragments of megakaryocytes in the bone marrow, are enucleated small cellular fragments
that play a key role in blood coagulation and hemostasis. Currently, numerous studies have shown an association
between platelets and heart failure. Some studies have indicated that heart failure patients exhibit abnormal
activation of platelets and thrombin, which increases with the severity of heart failure”. A clinical study also
pointed out that increased levels of circulating platelets exacerbate oxidative stress in heart failure patients’,
which may be a reason for the progression of HE. Moreover, while the association between lipoproteins and HF
has been widely explored, there is still certain controversy. Some studies suggest that high-density lipoprotein
cholesterol (HDL-C), with its anti-inflammatory, antioxidant, and anti-platelet properties, can provide protective
effects on the cardiovascular system by reducing oxidative stress and inflammation'®!!. However, other studies
have found no significant relationship between high HDL-C levels and survival rates or risk of incidence in
HF patients, with some even showing a negative correlation'>!3. Therefore, developing more reliable and
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simpler parameters as indicators for HF risk assessment, and investigating their potential application in HF risk
evaluation and preventive decision-making, may significantly benefit a large number of HF patients.

The platelet-to-High-Density Lipoprotein Cholesterol Ratio (PHR) is a novel and effective indicator for
predicting metabolic syndrome, proposed by Jialal'%. Previous studies have shown that PHR has higher predictive
value in alcoholic liver disease, chronic kidney disease, etc., compared to traditional lipid parameters'>16. Recent
studies have further revealed the potential predictive value of PHR in various cardiovascular diseases, including
stroke and cardiovascular mortality!”.To date, there have been no reports on the relationship between PHR and
HE. This study hypothesizes that there may be a correlation between PHR and HF. Exploring the association
between PHR levels and HF could aid in HF risk assessment, and since PHR only requires lipid profile and
platelet count for calculation, it offers a more convenient means of disease evaluation. Based on this, our study
conducted a large-scale cross-sectional study based on the NHANES database from 1999 to 2018 to investigate
the association between PHR and HF risk.

Materials and methods

Study population

This study utilized data from the NHANES dataset, which spans a period of twenty years from 1999 to 2018. All
research data can be accessed at https://www.cdc.gov/nchs/nhanes/index.htm. A total of 101,316 participants
were included in this study, covering 10 consecutive survey cycles from 1999 to 2018. The participants included
in this study had complete demographic data, standard body measurements, lipid profile indicators, blood cell
counts, and medical conditions information. The exclusion criteria were as follows: (1) age <20 years; (2) lack
of data required for the diagnosis of heart failure or the calculation of PHR; (3) The participants who used lipid-
lowering medication; (4) Missing covariate data including BMI, marital status, education level, Poverty Income
Ratio (PIR), alcohol consumption, smoking status, hypertension, diabetes, coronary heart disease, angina,
stroke, and heart attack. The flowchart of this process is shown in Fig. 1.

Exposure variable: PHR
The PHR was calculated using the lipid profile and blood cell count from the NHANES laboratory examination
list. The formula was: PHR = platelet count (1000 cells/uL)/HDL-C(mmol/L)*,

Outcome variable: HF

In the NHANES study, information regarding heart failure (HF) was obtained through respondents” health
questionnaires, specifically based on their responses to “Has a doctor or other healthcare professional ever told
you that you have heart failure?” An affirmative answer classified the individual as an HF patient. Although using
questionnaire feedback to define the core study outcome may introduce some degree of uncertainty, given the
lack of direct diagnostic evidence such as myocardial troponin, B-type natriuretic peptide (BNP), N-terminal
pro B-type natriuretic peptide (NT-proBNP) levels, or cardiac imaging examinations in the NHANES database,
accurately identifying HF cases is significantly challenging. Previous studies have demonstrated that using
questionnaires to determine the heart failure status of NHANES participants is feasible and accepted!'®2°.

Covariates

To illustrate the independent association between PHR and HEF, potential covariates that might affect the
association between PHR and HF were adjusted based on clinical relevance, including sociodemographic,
lifestyle, and health status factors. Sociodemographic and lifestyle-related variables included age (years), sex
(male/female), race (Mexican American/Other Hispanic/Non-Hispanic White/Non-Hispanic Black/Other race),
marital status (married/unmarried), education level (Less than 9th, 9-11th, High school, Some college, College
graduate), PIR, smoking, and alcohol consumption. Alcohol consumption was categorized as No (participants
had < 12 drinks containing alcohol in the past 12 months) and Yes (participants had at least 12 drinks containing
alcohol in the past 12 months). Smoking was categorized as No (participants had smoked < 100 cigarettes in
their lifetime) and Yes (participants had smoked at least 100 cigarettes in their lifetime).

Body mass index (BMI, kg/m?), hypertension, diabetes, coronary heart disease, angina, heart attack, platelet
count, and HDL-C were considered important indicators of individual health status. BMI was directly measured
at the Mobile Examination Center (MEC) by professionals, calculated by dividing the individual’s weight (kg)
by the square of their height (m) (kg/m?). For the blood platelet count and HDL-C measurement, samples were
sent to the University of Minnesota for specialized handling and analysis. Details of this analysis process are
comprehensively described in the NHANES laboratory operation manuals. Hypertension was defined as systolic
blood pressure > 140 mmHg/diastolic blood pressure >90 mmHg and self-reported hypertension, diabetes was
defined as fasting blood glucose > 6.1 mmol/L and self-reported diabetes, while data on coronary heart disease,
angina, heart attack, and stroke were obtained based on information self-reported by the participants through
questionnaires.

Statistical analysis

In this study, all statistical procedures were analyzed using NHANES sampling weights. According to the heart
failure (HF) status of the subjects, the basic characteristics of the survey population were categorized into
two categories. Continuous measurement data were reported as mean + standard deviation, while categorical
variables were presented as percentages to detail the characteristics of each group. Weighted linear regression
and weighted chi-square tests were used to compare differences between baseline continuous and categorical
variables, respectively. The relationship between PHR and HF was studied using multivariable logistic regression
equations, with three models: Model 1 (no covariates were adjusted), Model 2 (age, sex, race, marital status,
PIR and education level were adjusted) and Model 3 (sex, age, race, education level, marital status, PIR, BMI,
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Fig. 1. Diagram of participant enrollment process.

hypertension, smoking, alcohol consumption, coronary heart disease, angina, heart attack, stroke and diabetes
were adjusted). For Model 1, Model 2, and Model 3, draw the RCS curves. A threshold effect analysis model
was used to test the relationship and inflection point between PHR and HF. Finally, a subgroup analysis method
was used to classify the population into different levels, including sex, race, age, PIR, education level, BMI,
hypertension, smoking, alcohol consumption, diabetes, coronary heart disease, angina, heart attack, and stroke
status, adding interaction terms to test the heterogeneity between subgroups. Considering the high proportion
of the excluded population leading to bias, we performed multiple imputation for missing covariates and
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conducted sensitivity analysis on the complete cases. All statistical analyses were performed using R (version
4.2.1) and EmpowerStats (version 2.0). P<0.05 was considered statistically significant.

Results

Baseline characteristics of the population

According to the inclusion and exclusion criteria, a total of 39,990 adults participated in this study. The average
age of the subjects was 45.53 +17.44 years, including 15,075 (47.99%) males and 16,335 (52.01%) females, of
which 18.22% were Mexican Americans, 45.28% were non-Hispanic whites, 20.15% were non-Hispanic blacks,
7.69% were other Hispanics, and 8.65% were from other races. The average BMI of the population was 28.66 +6.8
(kg/m?).

All clinical characteristics of the participants are listed in Table 1, where heart failure status was used as a
column stratification variable to classify the population into Heart failure and Non-Heart failure categories. This
study showed significant differences in demographic and baseline clinical characteristics between patients with
or without HE. Compared to non-HF subjects, HF subjects were more likely to be male, unmarried, elderly, non-
Hispanic black and white, drink alcohol, smoke, and have a lower PIR. Notably, compared to non-HF subjects,
HF subjects had higher BMI levels and lower HDL-C levels and platelet counts. Additionally, the prevalence of
hypertension, diabetes, coronary heart disease, angina, heart attack, and stroke was significantly higher in HF
patients than in non-HF subjects.

Association between PHR and HF

The results indicate that higher PHR is associated with an increased likelihood of HF prevalence (Table 2).
Model 1 (unadjusted for any variables) (OR=1.12; 95% CI, 1.04-1.21, P=0.003), Model 2 (adjusted for sex, age,
race, education level, marital status, and PIR variables) (OR=1.15; 95% CI, 1.07-1.24, P<0.001), and Model
3 (further adjusted for BMI, hypertension, smoking, alcohol consumption, coronary heart disease, angina,
heart attack, stroke and diabetes based on Model 2) (OR=1.24; 95% CI, 1.13-1.35, P<0.001) all demonstrate
that this association is significant. Each unit increase in PHR is associated with a 12%, 15%, and 24% increase
in the risk of HF prevalence, respectively. When PHR is used as a categorical variable for sensitivity analysis
(quartiles), participants with the highest PHR had 82% increased risk of HF compared to those with the lowest
PHR (OR=1.82; 95% CI, 1.37-2.40, P<0.001) (Table 2).

To avoid exclusion bias caused by missing covariates, a sensitivity analysis was conducted after multiple
imputation of missing covariates. The baseline characters distribution was depicted in Supplementary Table S1.
The results showed that following multiple imputation, the outputs of both the unadjusted Model 1, partially
adjust Model 2 and fully adjusted Model 3 were similar to those of the models without multiple imputation.
(Table 3)

RCS curve plotting and threshold effect analysis

To further elucidate the relationship between PHR and heart failure, RCS curve plotting and threshold effect
analysis were conducted on data after excluding covariates and after multiple imputation of covariates. (Fig. 2,
Figure S1, Table 4 and Table S2). The results indicated a nonlinear relationship between PHR and HE, with
a breakpoint at 281.53. When PHR <281.53, the risk of HF increased with rising PHR (OR=1.24; 95% CI,
1.13-1.35, P<0.001). When PHR > 281.53, there was no statistically significant relationship between HF and
PHR (OR=1.10; 95% CI, 0.97-0.24, P=0.144) (Fig. 2, and Table 4). Furthermore, the analysis of the data after
multiple imputation also displayed similar results, demonstrating the stability of the study findings (Figure S1
and Table S2).

(A) RCS curve plotting results with no covariates adjusted; (B) RCS curve plotting results adjusted for sex,
age, race, education level, marital status, and PIR; (C) RCS curve plotting results adjusted for sex, age, race,
education level, marital status, PIR, BMI, hypertension, smoking, alcohol consumption, coronary heart disease,
angina, heart attack, stroke and diabetes.

Subgroup analyses

In order to determine whether the association between PHR and HF is stable among subgroups, a subgroup
analysis was conducted. The interaction test showed that there were no statistically significant differences in the
association between PHR and HF among the subgroups (Fig. 3), indicating that gender (male/female), ethnicity
(Mexican American/other Hispanic/non-Hispanic white/non-Hispanic Black/other races), age, marital status
(married/unmarried), education level (less than 9th/9-11th/high school/some college/college graduate), PIR,
coronary heart disease (yes/no), smoking (yes/no), hypertension (yes/no), diabetes (yes/no), angina (yes/no),
heart attack (yes/no), and stroke (yes/no) did not significantly influence this positive correlation (all interaction
P>0.05). However, the interaction between subgroups was significant for alcohol consumption (yes/no) and
BMI (P<0.05). To further validate this result, an interaction test was conducted on the data after multiple
imputation. The results were similar to those mentioned above, with no significant interaction observed in
any subgroups except for alcohol consumption (yes/no) and BMI subgroups (Figure S2). This suggests that the
correlation between PHR and HF is similar among the subgroups, with high stability and reliability.

Discussion

In this cross-sectional study sample of 31,410 participants, we observed a significant association between
PHR levels and the prevalence of HE Further subgroup analyses and interaction tests showed similar trends
in different population environments. After smooth curve fitting and threshold effect analysis, a nonlinear
association between PHR and HF was identified, with a breakpoint of 281.53. When PHR <281.53, PHR is an
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Variables Total Heart failure Non-heart failure | P-value
N 31,410 557 30,853
Age (years) 4553+17.44 | 66.15+14.42 | 45.16+17.26 <0.001
Sex (%) 0.005
Male 15,075(47.99) | 300(53.86) 14,775(47.89)
Female 16,335(52.01) | 257(46.14) 16,078(52.11)
Race/Ethnicity (%) <0.001
Mexican American 5724(18.22) 62(11.13) 5662(18.35)
Other Hispanic 2415(7.69) 29(5.21) 2386(7.73)
Non-Hispanic White 14,223(45.28) | 323(57.99) 13,900(45.05)
Non-Hispanic Black 6330(20.15) 115(20.65) 6215(20.14)
Other Race 2718(8.65) 28(5.03) 2690(8.72)
Education level (%) <0.001
Less than 9th 3197(10.18) 124(22.26) 3073(9.96)
9-11th 4582(14.59) 101(18.13) 4481(14.52)
High school 7185(22.87) 128(22.98) 7057(22.87)
Some college 9238(29.41) 138(24.78) 9100(29.49)
College graduate 7208(22.95) 66(11.85) 7142(23.15)
Married (%) 0.025
Yes 16,361(52.09) | 264(47.40) 16,097(52.17)
No 15,049(47.91) | 293(52.60) 14,756(47.83)
PIR 255+ 1.63 2.06+1.39 2.56+1.63 <0.001
BMI (kg/m?) 28.66+6.8 30.78+8.25 28.62+6.77 <0.001
Total cholesterol 196.35+40.68 | 185.01+£43.38 | 196.55+40.60 <0.001
(mg/dL)
gll)g% cf{‘)"le“eml 53.61+16.32 | 0.89+0.28 0.94+0.29 <0.001
Triglycerides 121.85+75.37 | 128.64+6590 |121.72+75.53 <0.001
(mg/dL)
LDL cholesterol 116442339 | 1121742675 |116.48+23.32 <0.001
(mg/dL)
(Vfgé:)ecbell‘l’s"/ﬁf)eu count 7.28+333 7.47+331 7.28+3.33 0.24
Red blood cell count (million cells/ul)) | 4.69+0.51 4.52+0.60 4.69+0.51 <0.001
ngtoeéecteus L) 254.87£67.27 |230.69+79.01 |255.31+66.96 <0.001
ﬁ}/;r)nph“yte percent 217+235 2.07+2.58 2184235 <0.001
f;g)me“ted neutrophils percent 431+1.84 4524179 431+1.84 <0.001
E)Zim‘mhﬂs percent 02+0.17 0224018 0.20+0.17 0.004
gz;"?hﬂs percent 0.04+0.06 0.04+0.06 0.04+0.06 0.232
PHR 296.63+122.37 | 281.42+120.80 | 2969012239 | 0.001
Smoking (%) <0.001
Yes 13,917(44.31) | 330(59.25) 13,587(44.04)
No 17,493(55.69) | 227(40.75) 17,266(55.96)
Drinking (%) <0.001
Yes 22,975(73.15) | 365(65.53) 22,610(73.28)
No 8435(26.85) 192(34.47) 8243(26.72)
Hypertension (%) <0.001
Yes 10,007(31.86) | 401(71.99) 9606(31.13)
No 21,403(68.14) | 156(28.01) 21,247(68.87)
Coronary heart disease (%) <0.001
Yes 508(1.62) 190(34.11) 318(1.03)
No 30,902(98.38) | 367(65.89) 30,535(98.97)
Angina (%) <0.001
Yes 446(1.42) 133(23.88) 313(1.01)
No 30,964(98.58) | 424(76.12) 30,540(98.99)
Continued
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Variables Total Heart failure | Non-heart failure | P-value
Heart attack (%) <0.001
Yes 663(2.11) 207(37.16) 456(1.48)
No 30,747(97.89) 350(62.84) 30,397(98.52)
Stroke <0.001
Yes 688(2.19) 98(17.59) 590(1.91)
No 30,722(97.81) 459(82.41) 30,263(98.09)
Diabetes (%) <0.001
Yes 2588(8.24) 191(34.29) 2397(7.77)
No 28,822(91.76) 366(65.71) 28,456(92.23)
Table 1. Weighted comparison in basic characteristics.
Association between PHR and heart failure OR (95% CI) | Model 1 OR (95% CI) P-value | Model 2 OR (95% CI) P-value | Model 3 OR (95% CI) P-value
Continuous (PHR) 1.12 (1.04, 1.21) 0.003 1.15 (1.07, 1.24) <0.001 1.24 (1.13, 1.35) <0.001
Categories
208 ! ! !
PHR 1.09 (0.87, 1.36) 0.458 1.11 (0.88, 1.38) 0.385 1.23 (0.95, 1.60) 0.111
143.08-187.16
PHR 1.36 (1.07, 1.73) 0.012 1.42 (1.12, 1.81) 0.004 1.77 (1.34, 2.34) <0.001
187.17-242.43
PHR 1.36 (1.08, 1.73) 0.01 1.47 (1.16, 1.88) 0.001 1.82 (1.37, 2.40) < 0.001
>242.43

Table 2. Association between PHR and heart failure. Model 1: no covariates were adjusted. Model 2: age, sex,
race, marital status, PIR and education level were adjusted. Model 3: sex, age, race, education level, marital
status, PIR, BMI, hypertension, smoking, alcohol consumption, coronary heart disease, angina, heart attack,

stroke and diabetes.

Association between PHR and heart failure OR (95% CI)

Model 1 OR (95% CI) P-value

Model 2 OR (95% CI) P-value

Model 3 OR (95% CI) P-value

Categories

PHR <143.08

1

1

1

PHR 143.08-187.16

1.20 (0.98, 1.46) 0.0777

1.19 (0.98, 1.46) 0.0826

1.25 (1.00, 1.58) 0.0521

PHR 187.17-242.43

1.39 (1.13,1.71) 0.0018

1.43 (1.16, 1.77) 0.0008

1.64 (1.29, 2.09) <0.0001

PHR>242.43

1.29 (1.05, 1.58) 0.0138

1.38 (1.12, 1.69) 0.0025

1.60 (1.26, 2.03) 0.0001

Table 3. Sensitivity analysis of the relationship between heart failure and PHR using complete data after
multiple imputation. Model 1: no covariates were adjusted. Model 2: age, sex, race, marital status, PIR and
education level were adjusted. Model 3: sex, age, race, education level, marital status, PIR, BMI, hypertension,
smoking, alcohol consumption, coronary heart disease, angina, heart attack, stroke and diabetes.

independent risk factor for increased prevalence of HE. These findings validate and deepen the initial hypothesis
of this study, highlighting that PHR comprehensively reflects the interaction of individual lipid metabolism,
blood coagulation function, and heart failure, which helps assess overall cardiovascular health status.

In recent years, studies using the NHANES database on HF primarily focused on the association between
physical activity, inflammation indices, and insulin levels with HF'#222, This study, however, applied platelet
count and HDL-C that form the PHR, providing a more comprehensive and straightforward assessment
method. Additionally, this study demonstrated through subgroup analysis that alcohol consumption and BMI
are significant factors for PHR and HE, which deepens the understanding of the impact of obesity and alcohol
consumption on lipid metabolism and cardiovascular disease risk. Therefore, emphasizing and managing platelet
and lipoprotein levels become particularly important in preventing and early intervening in HE

Existing studies have extensively explored the association between HDL-C and platelets with cardiovascular
disease and HE Early studies showed that high HDL-C could reduce the incidence of cardiovascular disease. For
instance, a prospective study involving 104,961 individuals suggested that HDL could prevent cardiovascular
disease across all age groups with various risk factors?’. Consistent with these findings, some studies investigating
the association between HDL-C levels and cardiovascular event risk have shown a negative correlation between
HDL-C levels and the occurrence of cardiovascular events?*-2°. A Mendelian randomization study also indicated
that low plasma HDL-C levels were associated with an increased risk of myocardial infarction?’. This aligns with
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Fig. 2. The association between PHR and heart failure.

PHR Adjusted B (95% CI), P value
Model 1

A straight-line effect 1.24 (1.13, 1.35) < 0.001
Model 2

Fold points (K) 281.53

< K-segment effect 1 1.55 (1.27, 1.89) < 0.001

< K-segment effect 2 1.10(0.97, 1.24) 0.144

Effect size difference of 2 versus 1 0.71 (0.54, 0.94) 0.015
Equation predicted values at break points | 4.13 (3.99, 4.27)

Log likelihood ratio tests 0.017

Table 4. Analysis of threshold effect and saturation effect.

the conclusion of this study that PHR (which includes HDL-C) is negatively correlated with HF risk. Several
studies have consistently demonstrated the negative correlation between HDL-C levels and the occurrence of
cardiovascular events.

Moreover, while there is debate regarding the prognosis of HF and platelet function, most studies indicate
that platelet dysfunction is relatively common in HF patients. Acute heart failure patients often show significant
platelet hyperactivation?, suggesting the importance of platelets in the pathogenesis of HE. However, similar to
HDL-C, some studies provide an opposing perspective regarding the association between platelets and heart
failure. For example, a large meta-analysis involving 113,000 patients showed that therapies to increase HDL-C
did not significantly impact the incidence of cardiovascular events?. Moreover, regarding platelets, some
studies suggest that both thrombocytopenia and thrombocytosis may be associated with poor prognosis in HF
patients*®3!. The inconsistency in these results may stem from differences in study design, sample sizes, and
characteristics of study populations. Our study adds a new perspective to understanding the connection between
HDL-C, platelets, and HE.
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Subgroup Odds ratio P for interaction
Sex : 0.58

male ’ 1.13(1.00, 1.27)

female 1.07 (0.95, 1.21)

Age 0.18

<31 years 1.15 (0.55, 2.40)

31-43 years 1.51(1.02,2.22)

44-60 years 1.26 (1.04, 1.54)

>60 years 1.07 (0.96, 1.18)

Race 0.71

1.06 (0.83, 1.36)
131 (0.85, 2.02)
108 (0.96, 1.20)
1.17 (0.97, 1.42)
1.44 (0.80, 2.58)
Education level § 0.13
- 1.16 (0.96, 1.41)
1.05 (0.88, 1.25)
1.18 (0.98, 1.42)

Mexican American
Other Hispanic
Non-Hispanic White

Non-Hispanic Black

Other Race

Less than 9th
9-11th I

High school

Some college Brocees@eenennnes I 118 (0.97, 1.43)
College graduate Ll @ cceeniel 0.82 (0.65, 1.04)
Marry : 0.20
Married bee 104 (0.93, 1.17)

Unmarried 1.16 (1.03, 1.31)

PIR . 0.31

<1.25 1.15(0.99, 1.34)
1.25-25 1.20(1.02, 1.42)
251375 boooseo@uesenend 1 1.08 (0.90, 1.30)
=375 Feswse@eensnsd 0.95 (0.79, 1.13)
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Fig. 3. Subgroup analysis for the association between PHR and heart failure.

The study shows that the association between PHR and HF is statistically significant (P<0.001) without
any adjustments. Furthermore, after including a series of covariates, the significant association between
PHR and HF increases (P<0.001). The reason for this outcome may be that some covariates, which could
potentially influence the relationship, act as mediators between PHR and HE. For example, smoking, BMI, and
alcohol consumption may affect both PHR and HE, and adjusting for these factors can highlight the direct
association between PHR and HE To validate whether the association between PHR and HF is stable, this
study conducted subgroup analyses considering potential confounding covariates affecting the relationship
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between PHR and HE We found that regardless of whether missing covariates were addressed through multiple
imputations, the association between PHR and HF consistently showed a significant interaction with alcohol
consumption and BMI. Specifically, individuals with higher levels of alcohol consumption and those with a
BMI > 31.8 demonstrated a more pronounced impact on the relationship between PHR and HE Several factors
may contribute to this phenomenon. Firstly, BMI is an essential indicator for assessing obesity and metabolic
abnormalities. Some studies have indicated that when the body is in a state of obesity and metabolic dysfunction,
platelets, which are vital components of PHR, can become hyperactivated, and HDL-C levels may decrease®>.
HDL-C plays a crucial role in inhibiting platelet activation; when it fails to suppress platelet hyperactivation,
platelets can release various inflammatory factors such as IL-6 and TNF-a*. These inflammatory factors initiate
and sustain a chronic inflammatory state in the body, which subsequently affects the structure and function of
the heart, thereby increasing the risk of heart failure*.Secondly, alcohol consumption is a known risk factor
for cardiovascular diseases, which may also influence the interaction between PHR and HE. Research indicates
that among patients hospitalized for heart failure, individuals who consume alcohol have poorer prognoses
and higher all-cause mortality rates*®*”.Overall, these findings underscore the necessity for detailed adjustment
strategies and in-depth clinical stratification analyses when comprehensively assessing the relationship between
PHR and HE However, further exploration of this relationship and its underlying mechanisms will require more
carefully designed large-sample basic and clinical studies.

Study strengths and limitations

This study utilizes cross-sectional data from the NHANES database. Previous research has not explored the
relationship between PHR and HE, making this study the first to identify PHR as a potential predictor of HE
By employing multivariate logistic regression analysis and subgroup analysis, this study aims to elucidate the
association between PHR and HF and verify the reliability of the findings. These results are significant foradvancing
strategies for the prevention and early intervention of HE. However, it is important to note that the limitations of
cross-sectional studies, including the inability to determine whether PHR precedes HF or vice versa, necessitate
cautious interpretation of the results. Due to the inherent temporal relationship uncertainty, the study findings
need careful consideration. Additionally, in dynamic social environments or changing population dynamics,
such data might influence the outcomes. Furthermore, limited sample sizes in some subgroups may affect the
statistical power of subgroup analysis and interaction tests, potentially impacting the regression analysis results
and increasing the instability of the study findings. Therefore, to further explore the relationship between PHR
and HE, future research should focus on large-scale cohort studies to longitudinally observe PHR trends and
investigate their potential temporal relationship with the occurrence and progression of HE This approach will
enhance the credibility of causal interpretation. Moreover, future studies should examine the complex biological
mechanisms underlying the interaction between PHR and HE. This may include experimental studies or clinical
trials to elucidate the pathways and underlying principles of their interaction in detail. Comprehensive studies
of this nature will not only deepen the understanding of this complex relationship but also introduce innovative
methods and strategies for preventing and managing HF and its related complications. By addressing these
challenges and opportunities, future research is expected to provide more comprehensive and profound insights,
significantly advancing the understanding of the relationship between PHR and HF.

Conclusion

PHR levels are closely associated with HF, and PHR can serve as an effective indicator for monitoring HF risk
in a clinical setting. However, to validate these results and further explore PHR’s potential as a clinical tool
for cardiovascular risk assessment, larger-scale prospective cohort studies are needed. These studies will help
uncover the specific causal relationship between PHR and HF and advance the practical application of this
indicator in the clinic.

Data availability
Data described in the manuscript, code book, and analytic code will be made publicly and freely available with-
out restriction at [https://www.cdc.gov/nchs/nhanes].
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