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Association of platelet-to-HDL cholesterol 2
ratio with frailty and all-cause mortality
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Abstract

Background Frailty often requires intensive care, and the admission outcomes of frail patients are often poor.
However, owing to the lack of reliable diagnostic indicators, quickly identifying frailty is challenging. The present study
aimed to explore the associations of the platelet/high-density lipoprotein cholesterol ratio (PHR; a novel inflammatory
indicator) with frailty and all-cause mortality.

Methods The present study analyzed data from the National Health and Nutrition Examination Survey (NHANES)
from 2005 to 2018. Frailty was assessed on the basis of the 49-item Frailty Index. The associations of the PHR with
frailty and long-term survival prognosis were explored through weighted logistic regression, weighted restricted
cubic spline (RCS), and weighted Cox regression, with adjustments for demographic factors, lifestyle, blood lipids,
medication history, and complications. In addition, subgroup and interaction analyses were conducted. Finally, several
sensitivity analyses were performed.

Results A total of 15,615 adult participants were included, with 7,928 women (53.63%) and an average age of 60.76
years. After fully adjusting for confounding variables, the prevalence of frailty in the highest PHR quartile group of
was significantly greater than that in the lowest quartile group (OR: 1.23,95% Cl: 1.04-1.47; P=0.02). The RCS showed
that the inflection point was 166.7. Before and after the inflection point, the PHR was negatively associated (OR: 0.88,
95% Cl: 0.80-0.97, P=0.01) and positively associated (OR: 1.10,95% Cl: 1.02-1.19, P=0.01) with frailty, respectively.
Subgroup analysis suggested that the association between PHR and frailty was stronger in women than in men. A
total of 5,544 frail participants were included in the survival analysis. The RCS revealed that the PHR was associated
with the all-cause mortality risk of frail participants in a U-shaped manner, with an inflection point of 240.4. Before
and after the inflection point, the PHR decreased (HR: 0.89, 95% Cl: 0.81-0.97, P=0.01) and the all-cause mortality risk
increased (HR: 1.08, 95% Cl: 1.02-1.14, P=0.01), respectively.

Conclusion The present study suggests that there is a J-shaped association between PHR and frailty in the adult
population of the United States and that the association between the PHR and frailty is stronger in women. In
addition, the PHR has a U-shaped relationship with the all-cause mortality risk of frail patients.
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Introduction

Frailty is an age-related disease that is manifested mainly
by a decline in the ability to cope with stressors, physical
functions, and physiological reserves to varying degrees,
leading to an increased risk of adverse health outcomes,
including disability, death, and the need for long-term
health care [1]. Frailty poses significant challenges to the
current medical environment worldwide. In today’s con-
text of an aging society, early identification and interven-
tion of frailty may greatly save medical resources.

Currently, various methods are used for assessing
frailty in the general population, such as the Frailty phe-
notype, Frailty index, FRAIL scale, Tilburg frailty indi-
cator, Edmonton frailty scale, and Groningen frailty
indicator. Although these measurement methods differ,
they have some similar core functions, such as cognition,
physical health status, and social support [2, 3]. Although
the relationship between age and frailty is relatively clear,
frailty also exists in a considerable proportion of the
young population, especially in less economically devel-
oped regions [4]. Additionally, studies have shown that
frailty may change over time, making the identification
of individual frailty even more challenging [5]. Inflamma-
tion is an important manifestation of aging in the body
and may be related to frailty. Zhang et al. [6] suggested
that two comprehensive inflammatory indicators in the
American population have a potential relationship with
frailty. Bilgin et al. [7] also suggested that the mean plate-
let volume/lymphocyte ratio (MPVLR) has a sensitivity
of over 70% in predicting frailty in diabetic patients.

The platelet/high-density lipoprotein cholesterol ratio
(PHR) was first proposed for use in the prediction model
of metabolic syndrome (MetS) [8]. Insulin resistance is
the core mechanism of MetS; evidence shows that insulin
resistance may play a potential role in the pathogenesis
of frailty [9]. Some recent studies have shown that the
PHR may increase the incidence of kidney disease, liver
disease, depression, and stroke, and it is negatively asso-
ciated with serum a-klotho levels [10-14]. Klotho lev-
els have been confirmed to be positively associated with
muscle strength but negatively associated with osteopo-
rosis, frailty, disability, and mortality [15-17]. However,
the relationships of the PHR with frailty and the risk of
death remain unclear.

The present study aimed to investigate the association
of the PHR with frailty and risk of all-cause mortality,
aiming to provide more references for the diagnosis of
frailty.

Methods

Study participants

The present study included NHANES participants from
2005 to 2018. A total of 70,190 participants were involved
in the 7 cycles. After individuals younger than 20 years
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(N=30,441), those with missing PHRs (N=3,974), those
with fewer than 40 items for the frailty index (N=19,702),
and those with missing covariables (N=458) were
excluded, a total of 15,615 participants were included in
the present study (Fig. 1).

Calculation of the PHR

The PHR is the ratio of the platelet count (PC) to the
serum high-density lipoprotein cholesterol (HDL-C)
level [13, 14]. Both PC (1000 cells/uL) and HDL-C con-
centrations (mmol/L) were obtained through laboratory
tests. Considering the skewed distribution of the PHR,
the present study standardized the PHR.

Diagnosis of frailty

In the present study, the definition of frailty was in accor-
dance with the diagnostic criteria proposed by Hakeem
et al. [6, 18]. Specifically, frailty was assessed on the basis
of the 49-item Frailty Index (FI); this index reflects 49
items in multiple dimensions, comprehensively consid-
ering cognitive level, physical skills, daily activity level,
depressive symptoms, physical health status, chronic
disease conditions, laboratory test indicators, and health
care status. The detailed assessment scale is provided in
Supplementary Table 1. The scores of the above indica-
tors were summed and standardized, and the resulting
score ranged from O to 1. According to previous studies,
the cutoff value of the FI was 0.21; F1>0.21 was defined as
frailty, whereas F1<0.21 was defined as non-frailty [19].

Survival outcome

In the present study, the survival outcome of interest was
all-cause mortality. The NHANES database was matched
with the death registration information of the Centers for
Disease Control and Prevention through a unique sub-
ject identification symbol. Follow-up was until death or
12/31/2019 [20]. Moreover, the reason contributing to
death was defined according to the ICD-10 code.

Covariables

On the basis of existing publications and clinical practice,
the present study included demographic factors, lifestyle
habits, physical indicators, medication usage, comor-
bidities, and lipid levels [21, 22]. These factors may affect
both the prevalence of frailty and the PHR. Among the
demographic factors, age, sex, race/ethnicity, education
attainment, marital condition, and economic level from
the NHANES database were included. Lifestyle habits
mainly included smoking, alcohol consumption, weekly
exercise intensity, and daily dietary energy. The physical
indicator was body mass index (BMI), and medication
usage included lipid-lowering drugs or antiplatelet drugs.
With respect to comorbidities, cancer, hypertension, dia-
betes mellitus (DM), and cardiovascular disease (CVD)
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Participants from NHANES 2005-2018 (n=79,190)
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Fig. 1 Flow chart of participant recruitment. Notes: PHR, platelet/high-density lipoprotein cholesterol ratio; NHANES, National Health and Nutrition

Examination Survey

were considered. Lipid levels included total blood choles-
terol levels and triglyceride levels.

Statistical analysis

The NHANES employs complex probability sampling,
and if weighted, it can represent the entire population.
The sampling is divided into four levels, namely, county,
segment, household, and individual (https://wwwn.cdc.
gov/nchs/nhanes/tutorials/Weighting.aspx). Because the
present study included participants from 7 cycles, one-
seventh of the weight of laboratory tests was selected
as the weight for analysis. The baseline characteristics
of the included population were compared. One-way
analysis of variance (ANOVA) or the Kruskal-Wallis test
was used to compare the differences between continu-
ous variables, whereas the chi-square test was used to
compare the differences between categorical variables.
The present study used the following four multivariable
logistic regression or Cox regression models to estimate
the associations between the PHR and frailty or survival:
(1) no adjustments for confounding factors; (2) adjusted
for demographic factors; (3) adjusted for demographic

characteristics, lifestyle habits, and physical indicators;
and (4) fully adjusted for demographic characteristics,
lifestyle habits, physical indicators, medication history,
comorbidities, and lipid levels. The adjustments of the
four models were based on previous research experience.
These factors may affect the PHR and the prevalence of
frailty, and they may be related to all-cause mortality
risk [21, 22]. In the logistic regression and Cox regres-
sion, the PHR was included in the model as a categori-
cal variable based on quartiles. Considering that many
covariables were included in the regression model and
that there may be potential multicollinearity, a collinear-
ity diagnosis of the model was performed. If collinearity
existed, least absolute shrinkage and selection operator
(LASSO) regression was used to screen important char-
acteristic variables to simplify the model. The restricted
cubic spline (RCS) method is a reliable method for ana-
lyzing nonlinear associations. In the present study, a
3-node RCS was fitted via weighted logistic regression
or weighted Cox regression. If nonlinearity existed, the
inflection point was determined by identifying the point
where the second derivative was zero. Both the logistic
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regression and Cox proportional risk models were sub-
jected to collinearity diagnosis, and the Schoenfeld resid-
ual method was used to test whether the Cox regression
model satisfied the proportional hazards assumption.
In addition, subgroup analysis and likelihood ratio tests
were performed to identify potentially susceptible popu-
lations. Three sensitivity analyses were conducted. First,
considering the high incidence of frailty in people over
45 years of age, participants under 45 years of age were
excluded. Second, the sample sampling weights during
the NHANES design and survey were not considered.
Finally, multiple imputation was performed for the miss-
ing covariables.

All the statistical procedures were implemented via R
language version 4.40. The “nhanesR’, “tidyverse’, “rio’,
and “data.table” R packages were used for data cleaning.
The “survival’, “survey’, and “rms” R packages were used
to fit the regression models, and the “car” and the “sur-
vival” R packages were used for collinearity diagnosis and
proportional hazards assumption testing. In addition,
the “mice” R package was used for multiple imputation.
In the present study, a two-sided P<0.05 was defined as
significant.

Results

Population characteristics

After sequentially excluding those younger than 20 years,
those with missing exposure variables and covariables,
and those with fewer than 40 items for the frailty index,
a total of 15,615 participants were included in the pres-
ent study (Fig. 1). Table 1 presents the characteristics
of the participants. The average age of the participants
was 60.76 years, and there were 7,928 women (53.63%).
Among the 15,615 participants, 5,550 were diagnosed
with frailty. In terms of demographic characteristics,
compared with participants in the lowest PHR quartile
group, there were more men, more Mexican Americans,
lower educational levels, more unmarried participants,
and poorer economic levels among participants in the
highest PHR quartile group. In terms of lifestyle, com-
pared with those in the lowest quartile group, partici-
pants in the highest PHR quartile group were more likely
to be currently smoking, were less likely to be currently
drinking, had a lower level of daily activities, and had
no significant difference in daily dietary energy. In addi-
tion, participants in the highest PHR quartile group had
poor weight management. In terms of comorbidities and
medication history, participants in the highest PHR quar-
tile group had a greater incidence of diabetes and a lower
prevalence of cancer compared to participants in the low-
est PHR quartile group. In addition, participants in the
highest PHR quartile group were less likely to use statins.
However, there was no difference between the groups in
terms of antiplatelet drugs, CVD, or hypertension.
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Association of the PHR with frailty

As shown in Table 2, when the PHR was included in the
model as a four-category variable and after fully adjusting
for confounding factors (Model 3), only the odds of frailty
in the quartile 4 group increased compared with the
quartile 1 group (OR: 1.23, 95% CI: 1.04-1.47, P=0.02).
However, the prevalence of frailty significantly increased
among the four groups (P trend=0.02).

The RCS regression revealed a significant J-shaped
association between PHR and frailty (nonlinear
P=0.0136). When the PHR was 166.7, the prevalence of
frailty was the lowest (Fig. 2). After fully adjusting for
potential confounding variables (Model 3), the PHR was
significantly negatively associated with the odds of frailty
when the PHR was <166.7 (OR: 0.88, 95% CI: 0.80-0.97,
P=0.01), and the PHR was significantly positively asso-
ciated with the prevalence of frailty when the PHR was
>166.7 (OR: 1.10, 95% CI: 1.02-1.19, P=0.01) (Table 2).

Stratified analysis revealed that the association between
PHR and frailty was consistent in most subgroups; how-
ever, in the sex stratification, the association between
PHR and frailty was stronger in women (P for interac-
tion=0.011) (Fig. 3).

Association of the PHR with all-cause mortality in frail
patients

In the present study, the association between the PHR
and the risk of all-cause mortality in frail participants
was also investigated. After excluding 6 participants who
were lost to follow-up, a total of 5,544 frail participants
were included; during the average follow-up period of
6.10 years, 1,575 participants died. The baseline charac-
teristics of the patients in the nonsurviving group and the
surviving group are shown in Supplementary Table 2.

The weighted Cox regression showed that when the
PHR was included in the model as a categorical variable,
the all-cause mortality risk of participants in the third
and fourth PHR quartile groups was significantly lower in
Model 0 without confounding factors (P<0.05; however,
in the sequentially adjusted models (Model 1, Model 2,
and Model 3), the PHR was not significantly associated
with all-cause mortality risk (all P>0.05) (Table 3).

The potential nonlinear relationship was further ana-
lyzed through the RCS, which revealed that the PHR had
a significant U-shaped association with all-cause mor-
tality (nonlinear P<0.0001). The PHR corresponding to
the lowest point of the HR was 240.4 (Fig. 4). Segmented
weighted Cox regression revealed that before and after
the inflection point, the PHR decreased (HR: 0.89, 95%
CI: 0.81-0.97, P=0.01) and increased (HR: 1.08, 95% CI:
1.02-1.14, P=0.01) the risk of all-cause mortality in frail
participants, respectively (Table 3).
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Table 1 Weighted baseline characterization for cross-sectional study

Characteristics Total Quintile 1 Quintile 2 Quintile 3 Quintile 4 P-value
(N=15615) (N=3908) (N=3898) (N=3900) (N=3909)
PHR, Median (IQR)  174.77(134.03,228.83) 110.12(93.13,122.81)  155.86(145.45,165.77)  199.12(187.10,212.61)  273.79(247.37,32043) < 0.0001
Frailty, n (%) 5550(31.26) 1237(26.59) 1291(28.58) 1365(31.33) 1657(38.62) < 0.0001
Age(year), Mean 60.76(0.23) 64.98(0.29) 62.43(0.35) 59.88(0.41) 55.66(0.34) < 0.0001
(SE)
Total cholesterol ~ 5.04(0.02) 5.14(0.03) 4.99(0.03) 5.04(0.03) 4.99(0.02) <0001
level (mmol/L),
Mean (S.E)
Triglyceride level 1.81(0.02) 1.21(0.01) 1.56(0.02) 1.92(0.02) 2.57(0.04) < 0.0001
(mmol/L), Mean
(SE)
Sex, n (%) < 0.0001
Female 7928(53.63) 2115(59.97) 2042(54.39) 1920(51.36) 1851(48.64)
Male 7687(46.37) 1793(40.03) 1856(45.61) 1980(48.64) 2058(51.36)
Race/Ethinicity, < 0.0001
n (%)
Mexican 1946(5.06) 356(3.62) 477(4.66) 532(5.58) 581(6.42)
American
Non-Hispanic 3250(9.60) 1007(11.08) 784(9.03) 771(9.55) 688(8.71)
Black
Non-Hispanic 7680(75.02) 1954(77.42) 1925(76.92) 1877(73.24) 1924(72.39)
White
Other Hispanic ~ 1432(4.06) 268(2.71) 366(3.67) 406(4.93) 392(5.00)
Other Race 1307(6.26) 323(5.17) 346(5.72) 314(6.70) 324(7.48)
- Including
Multi-Racial
Educational level, < 0.0001
n (%)
No college 8455(44.95) 1923(40.14) 2060(42.68) 2171(46.99) 2301(50.11)
College or 7160(55.05) 1985(59.86) 1838(57.32) 1729(53.01) 1608(49.89)
equivalent
Marital status, 0.004
n (%)
No married 1608(10.26) 368(8.50) 365(10.08) 406(10.47) 469(12.01)
Divorced or 5182(28.44) 1444(30.30) 1280(28.10) 1256(29.05) 1202(26.33)
separated or
widowed
Already married  8825(61.30) 2096(61.20) 2253(61.83) 2238(60.47) 2238(61.67)
or cohabitation
PIR, n (%) < 0.0001
<13 4919(22.23) 1059(17.70) 1109(20.11) 1287(23.85) 1464(27.37)
1.3-35 5548(35.15) 1436(35.09) 1414(34.90) 1390(35.54) 1308(35.07)
>35 3674(34.53) 1042(38.66) 1019(37.81) 851(31.76) 762(29.74)
Not report 1474(8.09) 371(8.55) 356(7.18) 372(8.85) 375(7.82)
Drinking status, < 0.0001
n (%)
Never drinked 2309(11.82) 526(10.69) 634(12.97) 566(11.68) 583(11.96)
Former drinker  3341(18.14) 730(15.16) 742(15.76) 884(20.16) 985(21.58)
Current drinker ~ 8538(61.61) 2283(66.14) 2173(63.08) 2099(60.02) 1983(57.07)
Not report 1427(8.43) 369(8.01) 349(8.19) 351(8.14) 358(9.38)
Smoking status, < 0.0001
n (%)
Never smoked 7355(47.16) 1967(51.32) 1970(49.51) 1787(45.64) 1631(42.08)
Former smoker ~ 5181(33.35) 1333(35.37) 1310(34.87) 1337(33.13) 1201(29.98)

Current smoker  3079(19.49) 608(13.31) 618(15.61) 776(21.23) 1077(27.94)
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Table 1 (continued)
Characteristics Total Quintile 1 Quintile 2 Quintile 3 Quintile 4 P-value
(N=15615) (N=3908) (N=3898) (N=3900) (N=3909)

Physical activity < 0.0001
(MET, minutes/
week, n (%)

<700 3129(20.31) 725(18.21) 768(19.46) 842(22.44) 794(21.21)

700-2400 3303(22.70) 906(25.45) 885(23.50) 754(20.89) 758(20.87)

>=2400 3813(27.22) 998(28.82) 940(27.82) 950(26.52) 925(25.67)

Not report 5370(29.77) 1279(27.53) 1305(29.22) 1354(30.14) 1432(32.25)
Energy intake 0.22
(kcal/day), n (%)

Low 7737(46.01) 1939(47.53) 1932(45.85) 1921(46.04) 1945(44.59)

High 7019(49.63) 1737(47.85) 1745(49.71) 1780(50.39) 1757(50.61)

Not report 859(4.36) 232(4.62) 221(4.44) 199(3.57) 207(4.80)
Body mass index, <0.0001
n (%)

<25 kg/m? 3932(25.61) 1504(39.57) 1049(26.94) 765(20.37) 614(15.17)

>=25 kg/m? 11,683(74.39) 2404(60.43) 2849(73.06) 3135(79.63) 3295(84.83)
Statins use, n (%) 5343(32.92) 1380(34.58) 1399(34.85) 1352(32.00) 1212(30.20) 0.003
Antiplateletdrug ~ 1088(5.75) 237(4.79) 285(6.22) 283(6.05) 283(5.94) 0.11
use, n (%)
Cancer, n (%) 2604(18.82) 773(22.54) 642(18.73) 625(17.83) 564(16.10) < 0.0001
DM, n (%) 4691(23.85) 930(17.52) 1120(23.06) 1231(24.83) 410(30.09) < 0.0001
CVD, n (%) 3281(18.94) 824(18.95) 817(18.83) 788(18.49) 852(19.48) 0.86
Hypertension, 9970(59.21) 2521(57.68) 2456(57.72) 2491(61.12) 2502(60.43) 0.06
n (%)

Notes: PHR, platelet/high-density lipoprotein cholesterol ratio; IQR, Interquartile Range; SE, standard error; PIR, poverty-to-income ratio; MET, metabolic equivalent;
DM, diabetes mellitus; IFG, impaired fasting glycaemia; IGT, impaired glucose tolerance; CVD, cardiovascular diseases

Table 2 OR estimates for the association between PHR and frailty

Model 0 Model 1 Model 2 Model 3
OR (95%Cl) P-value  OR (95%Cl) P-value  OR (95%Cl) P-value  OR (95%Cl) P-value
Frailty ~PHR ~ Quartile 1 reference reference reference reference
Quartile 2 1.10(097,1.26)  0.15 1.16(1.01,1.33)  0.04 1.05(091,1.21) 054 1.00(0.85,1.18)  0.98
Quartile 3 1.26(1.09,1.46) 0.003 1.31(1.12,1.52) <0.001 1.07(0.92,1.25) 0.36 0.99(0.84,1.16) 0.87
Quartile 4 1.74(1.49,2.02) <0.0001 1.93(1.64,2.26) <0.0001 1.47(1.24,1.74) <0.0001 1.23(1.04,1.47) 0.02
P for trend <0.0001 <0.0001 <0.0001 0.02
<166.7 0.96(0.89,1.04) 0.35 0.96(0.88,1.04) 0.32 0.91(0.83,0.99) 0.03 0.88(0.80,0.97) 0.01
>166.7 1.22(1.14,1.30) <0.0001 1.25(1.17,1.33) <0.0001 1.17(1.09,1.25) <0.0001 1.10(1.02,1.19) 0.01

Notes: Model 0: Crude model. Model 1: Adjusted for age, sex, race, marital status, education, and poverty-income ratio. Model 2: Additionally adjusted for drinking,
smoking, total energy intake, weekly physical activity level, and BMI. Model 3: Additionally, adjusted for diabetes, cancer, hypertension, CVD, blood cholesterol
levels, blood triglyceride levels, lipid-lowering drugs and antiplatelet drugs. PHR, platelet/high-density lipoprotein cholesterol ratio; SD, standard deviation; BMI,

body mass index; OR, odds ratio; Cl, confidence interval

Sensitivity analysis

For the three sensitivity analyses, participants under 45
years of age were excluded, the sample sampling weights
during the NHANES design and survey period were not
considered, and the missing covariables were imputed
multiple times. In all cases, the prevalence of frailty in the
highest PHR quartile group was greater than that in the
lowest quartile group. When 166.7 was considered as the
inflection point, the PHR and frailty showed significant
negative and positive associations on the left and right
of the inflection point, respectively. Moreover, the effect

strength of the association was similar to the main analy-
sis results (Supplementary Table 3).

Discussion

The present study combined the large-scale cross-sec-
tional survey data of the NHANES and the death registra-
tion information of the Centers for Disease Control and
Prevention to investigate the relationships of the PHR
with frailty and the long-term prognosis of frail patients.
Among the 15,615 participants in the NHANES, the PHR
was significantly positively associated with frailty, and
this association had an inflection point at 166.7. Before



Zhang et al. Lipids in Health and Disease (2024) 23:344

Nonlinear P=0.0136
Overall P<0.0001
2
=5
e
=
L /
g2 e
S P
o PHR=166.7
|
0 200 400 600
PHR

Fig. 2 Weighted restricted cubic spline regression of PHR with frailty.
Notes: The adjusted restricted triple spline model was adjusted for age,
sex, race, marital status, education, poverty-to-income ratio, drinking,
smoking, total energy intake, weekly physical activity level, BMI, diabetes,
cancer, hypertension, CVD, blood cholesterol levels, blood triglyceride lev-
els, lipid-lowering drugs and antiplatelet drugs. PHR, platelet/high-density
lipoprotein cholesterol ratio; BMI, body mass index; CVD, cardiovascular
diseases; OR, odds ratio; Cl, confidence interval

the inflection point, the PHR was significantly negatively
associated with frailty, whereas after the inflection point,
the PHR increased the prevalence of frailty. In the sub-
group analysis, the association between the PHR and
frailty was stronger in women than in men. In the average
6.10-year follow-up of 5,544 frail participants, the results
suggested that the PHR had a significant U-shaped asso-
ciation with the risk of all-cause mortality, with an inflec-
tion point of 240.4. Before and after the inflection point,
the PHR decreased and increased the risk of all-cause
mortality in frail participants, respectively.

The diagnosis of frailty is a clinical challenge, and
delayed identification of frailty may increase the con-
sumption of medical resources. Consistent with the pres-
ent conclusions, Zhang et al. [6] reported that the SII and
SIRI have nonlinear J-shaped associations with frailty,
but they excluded participants under 40 years of age,
which may limit the generalizability of the findings con-
cerning the association between inflammation and frailty.
The present study revealed that the association between
the PHR and frailty was robust in both the 20-40-year-
old subgroup and the over 40-year-old subgroup. In
addition, although Zhang et al. reported potential nonlin-
earity, they did not report the association characteristics
between the inflammation index based on the inflection
point and frailty. Tang et al. [23] explored the associa-
tions of whole blood cell-derived inflammatory mark-
ers with frailty and death in middle-aged and elderly
people; they reported that the neutrophil-to-lympho-
cyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR),
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platelet-to-lymphocyte ratio (PLR), SII, and SIRI are
positively associated with the risk of frailty, and increases
in the NLR, MLR, PLR, SII, and SIRI are associated with
an increased risk of death. However, similar to Zhang et
al., Tang et al. explained the nonlinear associations of the
discovered inflammatory indicators with frailty and all-
cause mortality risk as simple linear relationships, but
they ignored the potential complex relationship between
inflammation and frailty. In addition, although the rela-
tionship between age and frailty is relatively clear, frailty
also exists in a considerable proportion of the young pop-
ulation, especially in less economically developed regions
[4]. However, the above two studies excluded people
under 40 and 45 years of age, and the generalizability of
their conclusions is limited.

As a new indicator, the PHR reflects the inflammatory
state of the body by combining blood cells and blood
lipid levels. Previous studies have shown that the PHR
may serve as an effective marker for metabolic syndrome
(MetS), nonalcoholic fatty liver disease (NAFLD), stroke,
chronic kidney disease (CKD), kidney stones, serum
klotho levels, and depression [8, 10, 12, 13, 24-26]. In
2022, two meta-analyses consistently reported a signifi-
cant positive association between MetS and frailty [27,
28]. In 2023, a longitudinal cohort study from Ireland
revealed that MetS patients over 50 years old have a
29-57% increased likelihood of developing frailty within
four years [29]. Obesity, an important characteristic of
MetS, leads to the body being in a long-term chronic low-
grade inflammatory state. Chronic inflammation accel-
erates the consumption of muscle mass and strength,
thereby leading to frailty [30—32]. In addition, MetS leads
to insulin resistance, which is related to skeletal muscle
atrophy, fatigue, and slow gait, and it may eventually
lead to frailty [33, 34]. Therefore, an increase in the PHR
may increase the prevalence of frailty through MetS.
Moreover, MetS is the strongest risk factor for NAFLD,
and the prevalence of frailty in individuals with NAFLD
is high. As a new marker of NAFLD, the PHR may lead
to frailty by aggravating the progression of NAFLD [12,
35, 36]. Despite heterogeneity, the systematic review by
Burton et al. [37] revealed that frailty assessed in various
ways is common in acute stroke patients and is associ-
ated with adverse outcomes. Our previous study also
revealed a significant J-shaped association between the
PHR and stroke [13]. A low PHR usually means a high
HDL-C concentration and low platelet count. A high
HDL-C concentration may increase the risk of all-cause
and cardiovascular-specific mortality [38—41]. In addi-
tion, studies have shown that platelet counts are lower
in elderly adults than in younger adults [42]. This may
explain the negative association between the PHR and
frailty when the PHR was less than 166.7 in the pres-
ent study because the platelet count was low. Frailty



Zhang et al. Lipids in Health and Disease (2024) 23:344 Page 8 of 12

Subgroup OR (95% CI) P P interaction
Sex 0.011
Female — 1.110 (1.021 to 1.206) ~ 0.015
Male - 1.042(0.955t0 1.137)  0.354
Race/Ethinicity 0.167
Non-Hispanic Black G—— 1.076 (0.980 to 1.182)  0.122
Non-Hispanic White 1 ' 1.077 (0.993 to 1.169)  0.074
Other Hispanic —— 1.067 (0.875to 1.300)  0.514
Other Race — Including Multi—Racial 1 > 1225 (0.956t0 1.569)  0.107
Mexican American (—— 0.989 (0.870t0 1.124)  0.861
Age (years) 0.158
>=40 b 1.059(0.986t0 1.137)  0.116
<40 > 1212(1.041to 1.411)  0.014
Educational level 0.826
College or equivalent T ' 1.079 (0.968 to 1.203)  0.169
No college X 1.085(1.015t0 1.159)  0.018
Marital status 0.617
Already married or cohabitation b— J 1.075(0.985t0 1.173) ~ 0.105
No married i 1.145(0.938t0 1.397)  0.18
Divorced or separated or widowed - i 1.050 (0.959to 1.149)  0.292
PIR 0.921
<13 — 1.088 (0.995t0 1.189)  0.064
1.3-3.5 Y 1.090 (0.987 to 1.205) ~ 0.089
>3.5 e 1.105 (0.941 t0 1.297)  0.221
Not report ¢ I 1.009 (0.756 to 1.346) ~ 0.95
Drinking status 0.08
Never i 1.062 (0.936 to 1.206)  0.344
Former = 1.022 (0.928t0 1.125)  0.658
Now — 1.129(1.022t0 1.247)  0.017
Unknown L > 1.037 (0.868 to 1.238)  0.688
Smoking status 1
Never smoked b 1.086 (0.981t0 1.202)  0.111
Former smoker 1.042 (0.922t0 1.178)  0.507
Current smoker | 1.109 (0.999 to 1.231) ~ 0.053
Physical activity (MET, minutes/week) 0.772
<700 1 1.106 (0.991 to 1.235)  0.071
700-2400 1.059 (0.921to 1.218)  0.417
>=2400 | 1.152(1.000 to 1.328)  0.05
Not report i ' 1.048 (0.943 to 1.165)  0.377
Energy intake (Kcal/Day) 0.226
Low . ' 1.032(0.949to 1.121)  0.457
High (—————= 1.142 (1.031 t0 1.265)  0.011
Not report v - ' 1.083 (085210 1.377)  0.507
Body mass index 0.391
>=25 kg/m? " 1.164(1.007t0 1345)  0.04
<25 kg/m? 1 J 1.065(0.994 to 1.141)  0.073
Statins use 0.244
No T 1.065(0.985t0 1.151)  0.114
Yes — 1.115(1.003 to 1.240)  0.044
Antiplatelet drug use 0.059
No | 1.070 (0.999 to 1.145)  0.052
Yes "> 1364 (1.082t0 1.720)  0.009
Cancer 0.158
No == 1.101 (1.029 t0 1.179)  0.006
Yes 1.019(0.877t0 1.184)  0.799
DM 0.324
No 1.098 (1.005 to 1.201) ~ 0.039
DM C - > 1239 (091110 1.685)  0.17
IFG 1.018(0.737to 1.404)  0.914
IGT J 1.021(0.920t0 1.133)  0.692
CVD 0.842
Yes - 1.097 (0.960 to 1.253)  0.173
No — 1.078 (1.001 to 1.160)  0.046
Hypertension 0.843
Yes = 1.056 (0978 to 1.141)  0.16
No 1.128 (1.020 to 1.248)  0.02

Fig. 3 Weighted subgroup analyses for the association between PHR and frailty. Notes: Models were adjusted for age, sex, race, marital status, education,
poverty-to-income ratio, drinking, smoking, total energy intake, weekly physical activity level, BMI, diabetes, cancer, hypertension, CVD, blood cholesterol
levels, blood triglyceride levels, lipid-lowering drugs and antiplatelet drugs. OR, odds ratio; PHR, platelet/high-density lipoprotein cholesterol ratio; BMI,
body mass index; CVD, cardiovascular diseases; PIR, poverty-to-income ratio; MET, metabolic equivalent; DM, diabetes mellitus; IFG, impaired fasting
glycaemia; IGT, impaired glucose tolerance; OR, odds ratio; Cl, confidence interval
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Table 3 HR estimates for the association between PHR and all-cause mortality in patients with frailty

Model 0 Model 1 Model 2 Model 3 B
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
All-cause mortality~PHR ~ Quartile 1 reference reference reference reference
Quartile2  0.87(0.72,1.03) 0.1 0.90(0.76,1.07)  0.25 0.88(0.74,1.06) 0.18 0.89(0.74,1.07)  0.21
Quartile3  0.68(0.57,082) <0.0001 0.86(0.71,1.04) 0.12 0.84(0.69,1.03)  0.09 0.83(0.68,1.03)  0.09
Quartile4  0.60(0.50,0.72)  <0.0001  0.96(0.80,1.16)  0.68 0.91(0.75,1.10) 033 0.88(0.70,1.10)  0.26
P for trend <0.0001 0.51 0.25 0.2
<2404 0.83(0.76,0.89) <0.0001 0.91(0.83,098) 0.02 0.90(0.82,098) 0.01 0.89(0.81,097)  0.01
> 2404 1.04(0.95,1.14) 041 1.06(1.01,1.12)  0.03 1.07(1.01,1.13)  0.02 1.08(1.02,1.14)  0.01

Notes: Model 0: Crude model. Model 1: Adjusted for age, sex, race, marital status, education, and poverty-income ratio. Model 2: Additionally adjusted for drinking,
smoking, total energy intake, weekly physical activity level, and BMI. Model 3: Additionally, adjusted for diabetes, cancer, hypertension, CVD, blood cholesterol
levels, blood triglyceride levels, lipid-lowering drugs and antiplatelet drugs. PHR, platelet/high-density lipoprotein cholesterol ratio; SD, standard deviation; BMI,

body mass index; HR, hazard ratio; Cl, confidence interval

_ Nonlinear P<0.0001
% Overall P<0.0001
g 1.8
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Fig. 4 Weighted restricted cubic spline regression of PHR with all-cause
mortality in patients with frailty. Notes: The adjusted restricted triple spline
model was adjusted for age, sex, race, marital status, education, poverty-
to-income ratio, drinking, smoking, total energy intake, weekly physical
activity level, BMI, diabetes, cancer, hypertension, CVD, blood cholesterol
levels, blood triglyceride levels, lipid-lowering drug and antiplatelet drugs.
PHR, platelet/high-density lipoprotein cholesterol ratio; BMI, body mass
index; CVD, cardiovascular diseases HR, hazard ratio; Cl, confidence interval

is common in CKD patients and increases the risk of
adverse consequences. Hannan et al. [43] reported that in
the Chronic Renal Insufficiency Cohort (CRIC) study, the
frailty state of patients with CKD is associated with an
increased risk of atherosclerotic events, heart failure inci-
dents, and death. In addition, in a cross-sectional study
of the NHANES, Jiang et al. [44] reported a U-shaped
association between the serum o-Klotho level and frailty.
Huang et al. [25] reported a linear negative association
between the PHR and a-Klotho in the NHANES. These
findings explain the nonlinear association between the
PHR and frailty in the present study. The present find-
ings also suggested that the association between the PHR
and frailty is stronger in female participants. Generally,
women have a greater proportion of adipose tissue and a
lower proportion of muscle mass than men [45, 46]. This

difference in body composition may lead to women being
more likely to experience frailty symptoms when fac-
ing metabolic changes. A greater amount of adipose tis-
sue may be related to a chronic low-grade inflammatory
state, and chronic inflammation is an important factor
leading to frailty [47, 48]. The PHR reflects the inflamma-
tory state of the body. A greater amount of adipose tissue
in women may more likely be strongly associated with
frailty. In addition, as women age, their muscle mass may
decline faster than that of men, especially after meno-
pause [49, 50]. The weakening of muscle strength is an
important sign of frailty, which may make women more
susceptible to changes in the PHR and thus show a stron-
ger association.

In terms of prognosis, the PHR had a significant
U-shaped relationship with the risk of all-cause mortal-
ity in frail participants, indicating that both high and low
PHRs reduce the long-term survival probability of this
group of people. Studies have shown that high HDL-C
levels (>3.0 mmol/L) increase the risk of all-cause mor-
tality [38—41]. In the present study, when the PHR was
lower than 240.4 (which may indicate high HDL-C), the
risk of all-cause mortality in frail patients decreased as
the PHR increased. A high PHR generally indicates a
greater systemic inflammatory state, and inflammation
is known to be a risk marker for death [51]. In addition,
the PHR has been reported to increase the risk of cardio-
vascular death in stroke patients and is negatively asso-
ciated with the a-Klotho level in the general population.
a-Klotho, as a longevity protein, can prolong the human
lifespan [13, 14, 52].

Advantages and limitations

The present study had several advantages. First, it had a
large sample size and was nationally representative after
the sampling weights of the samples were considered in
the statistical analysis. Second, three sensitivity analyses
were conducted to further demonstrate the nonlinear
association between the PHR and frailty. The association
between the PHR and the prevalence of frailty showed
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opposite characteristics before and after the inflection
point. Third, the present study explored the relationship
between the PHR and the risk of all-cause mortality in
patients with frailty. In this cohort, 5,544 frail partici-
pants were included, and the average follow-up time was
as long as 6.10 years; thus, the results were relatively reli-
able. Fourth, previous frailty studies have often excluded
young participants. The present study included all partic-
ipants over 20 years of age, and it identified a strong asso-
ciation between the PHR and frailty in both the 20-40
and over 40 years of age subgroups, further confirming
the effectiveness of the PHR as a frailty marker.

The present study also had several limitations. First,
a cross-sectional design cannot determine the tempo-
ral sequence between the PHR and frailty, preventing
a causal relationship to be determined. Owing to the
inability to determine the causal direction, there is a cer-
tain degree of uncertainty in the present study for guiding
clinical interventions and formulating public health strat-
egies. It is difficult to determine whether interventions
targeting the PHR can effectively prevent or improve
frailty status or whether interventions targeting frailty
status will have a positive impact on the PHR, which
limits the in-depth understanding of potential mecha-
nisms. The inability to determine the causal relationship
makes further exploration of the biological, physiological,
or behavioral mechanisms involved in the relationship
between the PHR and frailty difficult. In future research,
a longitudinal study design is needed to better explore
the causal relationship between the PHR and frailty. Sec-
ond the present study was unable to exclude the interfer-
ence of potential confounding factors on the association.
Third, the present study was conducted with individuals
over 20 years old, indicating that the conclusion should
not be extended to minors. Finally, both the PHR and
frailty status are dynamic and may change over time.
Using only a single measurement may not accurately
reflect the true situation of an individual at different time
points, thus potentially introducing biases. This single-
measurement method increases the risk of misclassifica-
tion bias, and it may misclassify some individuals whose
PHR or frailty status changes over time, thereby affecting
the accuracy and reliability of the research results.

Conclusion

In the American population over 20 years old, the PHR
has J-shaped and U-shaped associations with frailty and
the risk of all-cause mortality, respectively. In addition,
the association between the PHR and frailty is robust in
the younger group (<40 years old). Given the cross-sec-
tional design and single-time-point PHR measurement in
the present study, further longitudinal studies are needed
to determine the qualification of the PHR as a reliable
frailty marker. In addition, the mechanism underlying
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the relationship between the PHR and frailty needs to be
further explored in the future to confirm the long-term
impact of the PHR on frailty and mortality.
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