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Abstract

Purpose Cholesterol metabolism is a risk factor for cardiovascular disease, and recent studies have shown that cho-
lesterol metabolism poses a residual risk of cardiovascular disease even when conventional lipid risk factors are

in the optimal range. The association between remnant cholesterol (RC) and cardiovascular disease has been
demonstrated; however, its association with hypertension, type 2 diabetes mellitus (T2DM), and the concomitance
of the two diseases requires further study. This study aimed to evaluate the association of RC with hypertension,
T2DM, and both in a large sample of the U.S. population, and to further explore the potential mechanisms involved.

Methods This cross-sectional study used data from the 2005—2018 cycles of the National Health and Nutrition
Examination Survey (N=17,749). Univariable and multivariable logistic regression analyses were performed to explore
the relationships of RC with hypertension, T2DM, and both comorbidities. A restricted cubic spline regression model
was used to reveal the dose effect. Mediation analyses were performed to explore the potential mediating roles

of inflammation-related indicators in these associations.

Results Of the 17,749 participants included (mean [SD] age: 41.57 [0.23] years; women: 8983 (50.6%), men: 8766
(49.4%)), the prevalence of hypertension, T2DM, and their co-occurrence was 32.6%, 16.1%, and 11.0%, respectively.
Higher RC concentrations were associated with an increased risk of hypertension, T2DM, and their co-occurrence
(adjusted odds ratios for per unit increase in RC were 1.068, 2.259, and 2.362, and 95% confidence intervals were
1.063-1.073,1.797-2.838, and 1.834-3.041, respectively), with a linear dose-response relationship. Even when con-
ventional lipids were present at normal levels, positive associations were observed. Inflammation-related indicators
(leukocytes, lymphocytes, monocytes, and neutrophils) partially mediated these associations. Among these, leuko-
cytes had the greatest mediating effect (10.8%, 14.5%, and 14.0%, respectively).

Conclusion The results of this study provide evidence that RC is associated with the risk of hypertension, T2DM,
and their co-occurrence, possibly mediated by an inflammatory response.
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Introduction

It is universally acknowledged that hypertension and
type 2 diabetes (T2DM) are two of the most common
chronic non-communicable diseases worldwide, with an
estimated 1.28 billion and 422 million people worldwide
suffering from hypertension and T2DM, and they have
a serious impact on the structure and function of vital
organs [1, 2]. Elevated blood pressure and high glucose
levels are major contributors to the increased burden of
chronic diseases and mortality [3, 4]. As two interrelated
metabolic disorders, the concomitance of hypertension
and T2DM is twice as common as the incidence of the
single disease [5], which could markedly increase the
risk of micro- and macrovascular complications such as
retinopathy, nephropathy, acute coronary syndrome, and
stroke [6]. It is necessary to continue to identify modifi-
able risk factors for hypertension, T2DM, and the coex-
istence of the two diseases.

Accumulating studies have now found that physical
inactivity, overweight, and dyslipidemia may all be pos-
sible risk factors for hypertension and T2DM [7]. Among
these factors, cholesterol metabolism was in a pivotal
position in the development of the two diseases [8]. Most
previous studies regarding cholesterol metabolism have
focused on low-density lipoprotein cholesterol (LDL-
C) and high-density lipoprotein cholesterol (HDL-C),
whereas the latest studies indicate that even when con-
ventional risk factors such as LDL-C and HDL-C are in
the optimal range, cholesterol metabolism still carries
a residual risk of cardiovascular disease [9, 10]. Much
attention, therefore, should be directed to the “bad cho-
lesterol,” which is the residual cholesterol (RC), in addi-
tion to LDL-C. RC, also known as non-LDL-C and
non-HDL-C, is a type of cholesterol that remains in the
bloodstream after the body has finished using cholesterol
for various physiological processes [11]. To date, a small
number of preliminary researches have reported that RC
is a possible risk factor for hypertension and T2DM [12,
13]. However, these relatively few studies mainly focus
on a single disease rather than considering the concomi-
tance of the two diseases. This encouraged us to explore
the association between RC and the risk of hypertension,
T2DM, and the co-occurrence of the two diseases in a
large study.

The mechanisms underlying the effects of RC on hyper-
tension and T2DM remain unclear. Moderate evidence
has shown that RC may accumulate in the vessel wall,
activating monocytes and leukocytes, ultimately leading
to inflammation of the arterial wall and a multi-level cel-
lular immune response [14]. Given that the inflammatory
response is typically thought to be fundamental to the
development of hypertension and diabetes [15, 16], this
study hypothesized that inflammation-related responses
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may emerge as an important player in the relationship
between RC and these two diseases.

Thus, the objective of this study was to evaluate the
association between RC and hypertension, T2DM, and
the co-occurrence of the two diseases using data from
the National Health and Nutrition Examination Survey
(NHANES) conducted between 2005 and 2018 and fur-
ther explore the potential mediating role of inflamma-
tion-related indicators in that relationship with a goal
provide a more informative basis for clinical practice.

Methods

Study population

This study downloaded data from the NHANES to per-
form a cross-sectional study. NHANES is a publicly
available database of a stratified, multi-stage probability
sample of American residents [17, 18]. Seven of these
cycles (2005-2018) were selected as the data for the
analysis.

Participants with complete total cholesterol (TC), LDL-
C, and HDL-C data from the NHANES 2005-2018, as
well as those with comprehensive diagnostic informa-
tion on hypertension and T2DM, were selected. Patients
with cancer or those with a weight value of zero were
excluded. In total, 17,749 participants were integrated
into the final analysis (Fig. 1). All patients signed an
informed consent form, and following the principles of
the Declaration of Helsinki, the study did not require eth-
ical review by Fujian Medical University.

Definition of lipid-related indicators

Serum or plasma TC, HDL-C, and LDL-C were measured
in participants who fasted for more than 8.5 h and less
than 24 h in the NHANES laboratory. Specifically, TC
was measured using enzymatic assays and HDL-C was
measured using immunoassays. LDL-C was calculated
from the measured values of total cholesterol (TC), tri-
glycerides, and HDL-C according to the Friedewald cal-
culation: [LDL-C]=[TC]—[HDL-C]—[triglycerides/5].
The timed-endpoint method was used to determine the
concentration of triglycerides in serum or plasma. The
2019 European Society of Cardiology and European Ath-
erosclerosis Society (ESC/EAS) guidelines for the man-
agement of dyslipidaemias recommend the use of TC
minus HDL-C and LDL-C for RC calculation [19]. The
normal level of blood lipids were defined as TC<5.18
mmol/L, LDL-C<3.37 mmol/L, and HDL-C>1.04
mmol/L [20].

Outcome ascertainment

Hypertension [21, 22]: In previous studies based on
NHANES [23, 24], hypertension was usually diagnosed
with three times measurements of blood pressure,
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Fig. 1 Flowchart of study (NHANES 2005-2018, N=17,749)

including systolic blood pressure (SBP) and diastolic
blood pressure (DBP), using a mercury sphygmomanom-
eter at a mobile examination center (MEC). The meth-
odology followed the latest recommendations of the
American Heart Association for determining blood pres-
sure in humans by sphygmomanometer, and the aver-
age of the three blood pressure measurements was used
for analysis. SBP > 140 mm Hg or DBP>90 mm Hg was
considered hypertension, while SBP<140 mm Hg and
DBP <90 mm Hg were considered non-hypertension. In
this study, we also used the above methods as one of the
diagnostic methods for hypertension. In addition, we also
used the following two criteria: (1) told had high blood
pressure by a doctor; (2) taking prescriptions for hyper-
tension. If one of these three criteria mentioned above
was met, the participants were considered to have hyper-
tension. T2DM [25, 26]: We diagnosed T2DM according
to (1) told had T2DM by a doctor. (2) hemoglobin A1C
(Hbalc) >6.5%. (3) fasting blood glucose>7.0 mmol/L.
(4) random glucose>11.1 mmol/L. (5) Oral Glucose Tol-
erance Test (OGTT)>11.1 mmol/L. (6) Whether using
diabetes medication. T2DM was diagnosed when one of
the above six conditions was met.

Covariates

Age, sex, race, marital status, education, and poverty
income ratio (PIR) were selected as demographic vari-
ables. The relevant covariates for behavioral habits and
physical indicators included smoking, current alcohol
consumption, body mass index (BMI), waist circumfer-
ence, healthy eating index (HEI), and dietary inflamma-
tion index (DII). Specific definitions of covariates are
detailed in the supplementary material.

Smoking status was defined as follows: never (less
than 100 cigarettes smoked in their lifetime), former
(had smoked in the past but had quit at the time of the
interview), current (had smoked at least 100 cigarettes
throughout their lifetime and continued to smoke ciga-
rettes currently) [27]. We define current drinking status
as “yes” or “no” (no was defined as having fewer than 12
drinks ever or having>12 drinks in 1 year but did not
drink in the previous year or did not drink last year but
drank 12 drinks in lifetime) [28]. BMI was calculated by
dividing weight in kilograms by height in meters squared
and divided into normal (<25 kg/m?), obese (25-30 kg/
m?), and overweight (> 30 kg/m?) according to the World
Health Organization [29]. PIR is an indicator of poverty
status, calculated by dividing the total household income
by the poverty threshold [30]. HEI is a measure for
assessing whether a set of foods aligns with the Dietary
Guidelines for Americans (DGA) and includes 13 food
components [31]. The latest 2015 version of the DGA was
used in this study. DII is a literature-derived dietary tool
used to assess the overall inflammatory potential of an
individual’s diet [32].

Blood indicators such as white blood cell count,
neutrophil count, and monocyte count in NHANES
2005-2018 were detected using the Beckman Coul-
ter MAXM instrument in the Mobile Examination
Centers. Segmented neutrophils count (1000 cells/
puL) =white blood cell countXxsegmented neutro-
phils percent (%)/100. Lymphocyte count (1000 cells/
puL) =white blood cell countxLymphocyte percent
(%)/100. Monocyte count (1000 cells/uL)=white
blood cell count X monocyte percent (%)/100. In addi-
tion, we use a number of ratio indicators, such as
NLR, neutrophil to lymphocyte ratio (neutrophil/
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lymphocyte); PLR, platelet to lymphocyte ratio (plate-
let/lymphocyte); LMR, lymphocyte to monocyte ratio
(lymphocyte/monocyte).

Statistical analyses

As NHANES uses a complex multi-stage stratified
sampling design, we weighted the data by the "Fast-
ing Subsample 2 Year MEC Weight,” and as the data
we used had seven cycles, we divided the weight value
by 7 to construct the sampling weights for the 7-year
cycle combination [33].

To explore the relationship between RC and hyper-
tension, T2DM, and both comorbidities, we performed
univariable and multivariable logistic regression, with
adjustment for covariates in the multivariable logistic
regression model, including age, sex, race, education,
marital status, PIR, current alcohol drinking, smok-
ing, BMI level, HEI, DII, and waist circumference. The
shapes of the relationships between RC and hyper-
tension, T2DM, and their coexistence were explored
using a restricted cubic spline regression model. In
addition, we performed a subgroup analysis to analyze
the association between RC and hypertension, T2DM,
and both comorbidities when blood lipid levels were
normal.

Interaction analyses were performed first, and strati-
fied analyses were then performed only if there was an
interaction. Considering that Age, HEI, DII, PIR, and
waist circumference are continuous variables, they
were not subjected to stratified analysis. Mediation
analyses were used to explore the mediating effects of
inflammation-related indicators (leukocytes, neutro-
phils, lymphocytes, and monocytes) on the relation-
ships between RC and hypertension, T2DM, and their
coexistence (adjustment for all confounding variables).
The Appendix Fig. 1 showed the schematic of a simple
mediation model. The following criteria were defined as
having a mediating effect: (1) the total effect was sig-
nificant, (2) the indirect effect was significant, and (3)
the proportion of mediators was positive [34]. We per-
formed 5000 bootstrap mediations using the "media-
tion" package.

In the sensitivity analysis section, we performed the
same correlation analysis for data with multiple inter-
polations (based on the Mice package) and data in
other units (mg/dL). In the analysis of the coexistence
module, we divided the population into four groups (no
hypertension and no T2DM, only hypertension, only
T2DM, hypertension & T2DM) and performed unor-
dered multivariable logistic regression. A two-tailed
P<0.05 was considered statistically significant. R (ver-
sion 4.2.1) was used for all the analyses.
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Results

Characteristics of participants

The 17,749 participants in this study included 5,791 with
hypertension only, 2,857 with T2DM only, and 1,958 with
both (Table 1). The average age of the participants was
41.57 years, and the number of men was 8983 (50.6%)
and women was 8766 (49.4%). Age, HEI, PIR, DII, waist
circumference, race, education, marital status, smok-
ing history, current alcohol consumption, and BMI were
significantly different between the control and hyperten-
sion, T2DM, and coexistence groups (P<0.05).

Association of RC with hypertension, T2DM, and their
coexistence

In the unadjusted model, RC was significantly associated
with an increased risk of hypertension, T2DM, and the
coexistence of the two diseases (P<0.05; Table 2). After
adjusting for sociodemographic characteristics, simi-
lar association patterns were observed. When further
adjusted for smoking, alcohol consumption, BMI, HEI,
DII, and waist circumference in model 4, the adjusted
odds ratios (ORs) and 95% confidence intervals (ClIs)
for per unit increase in RC were 1.068 (1.063, 1.073) for
hypertension, 2.259 (1.797, 2.838) for T2DM, and 2.362
(1.834, 3.041) for both comorbidities.

Additionally, as shown in Fig. 2, RC was positively
associated with the risk of hypertension, T2DM, and
the coexistence of both (P ,,,,;<0.05). The risk of dis-
ease increased gradually as the RC increased, although
the P-values for nonlinearity did not reach statistical
significance.

Association of RC with hypertension, T2DM, and their
coexistence with normal TC, LDL-C, HDL-C levels

As presented in Table 3, when TC was less than
5.18 mmol/L, RC showed significant positive associa-
tions with hypertension, T2DM, and both coexistences,
the adjusted ORs and 95%CI were 2.085 (1.565, 2.777),
2.481 (1.920, 3.206), 3.186 (2.319, 4.376), respectively.
When LDL-C and HDL-C were at normal levels, consist-
ent positive associations persisted, the adjusted ORs and
95%CI were 1.984 (1.572, 2.504) and 1.797 (1.440, 2.241)
for hypertension, 2.169 (1.703, 2.763) and 2.431 (1.828,
3.232) for T2DM, 2.590 (1.957, 3.428) and 2.412 (1.813,
3.209) for both coexistences.

Subgroup analysis

As shown in Appendix Table 3, the results of the inter-
action analysis showed that sex interacted with RC when
T2DM or co-morbidities was the outcome and that RC
was positively associated with the outcomes in both men
and women (P<0.05). When hypertension was the out-
come, there was an interaction between race and RC
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(P<0.05). A positive association was observed between
RC and hypertension among the Non-Hispanic White
and other groups. In addition, there was an interaction
between BMI and RC for hypertension or co-morbidities
as an outcome (P<0.05).

Mediating role of inflammation-related indicators

Figure 3A-C shows that leukocytes mediated 10.8%,
14.5%, and 14.0% of the relationship between RC and
hypertension, T2DM, and both comorbidities, respec-
tively (P<0.05). Similar results were observed when
neutrophils were the mediating variables (Fig. 3D-F).
Interestingly, a significant mediation effect of lympho-
cytes was found only for the association between RC and
T2DM or both T2DM and hypertension, but not hyper-
tension alone. Conversely, a significant mediating effect
of monocytes was observed only for hypertension or
both T2DM and hypertension, although no such effect
was found for T2DM only (Appendix Table 4). In addi-
tion, we also analyzed the mediating effect of some ratio-
based indicators (Appendix Table 4), PLR may partially
mediate the association between RC and T2DM or co-
morbidities (proportions of mediation were 0.98% and
1.46%, respectively, both P<0.05).

Sensitivity analysis

Interpolation of the data using multiple imputations and
subsequent analysis of the association between RC and
hypertension, T2DM, or both yielded consistent results.
Similar estimates were obtained when replacement units
(mg/dL) were used (Table 2). Additionally, we further
divided the population into four groups (no hypertension
and no T2DM, only hypertension, only T2DM, hyperten-
sion & T2DM). As shown in Table 4, RC was positively
associated with the risk of hypertension, T2DM, or both
hypertension and T2DM (P<0.05).

Discussion

Our results showed that RC was associated with hyper-
tension, T2DM, and both of these comorbidities. These
positive associations remained even when TC, LDL-
C, and HDL-C levels were normal and were more pro-
nounced among women. Inflammation-related indicators
partially mediated these associations.

Our study is consistent with most previous studies
showing that high RC is associated with an increased
risk of hypertension and T2DM [12, 35]. A cohort study
found that RC in the blood, independent of other lipids,
was significantly associated with an increase in systolic
blood pressure [36]. The mechanisms by which RC con-
tributes to hypertension remain unclear, although several
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mechanisms may be involved. Endothelial dysfunction
can lead to vasoconstriction and thus increase blood
pressure or lead to hypertension [37], whereas RC may
lead to endothelial dysfunction by inducing intracellular
oxidative stress in endothelial cells, leading to the inacti-
vation of nitric oxide synthase [38]. In addition, residual
lipoproteins can activate the epidermal growth factor
receptor, leading to the proliferation of vascular smooth
muscle cells [39, 40], and failure to maintain a normal dif-
ferentiated phenotype of vascular smooth muscle cells
results in poor vascular remodeling, which can also lead
to hypertension [41].

A nationwide population-based cohort study found RC
to be an independent predictor of T2DM [42]. RC, when
degraded and metabolized by lipoprotein lipase, can pro-
duce free fatty acids and monoacylglycerols, causing an
inflammatory response which in turn leads to diabetes
[43]. Excess residual lipoprotein in plasma can penetrate
the arterial wall and be taken up by macrophages and
smooth muscle cells, leading to foam cell formation and
low-grade inflammation that raises blood sugar [44, 45].
Moreover, RC is closely associated with insulin resistance
[46], where arterial retention of residual lipoprotein iso-
lates increases insulin resistance, leading to hyperglyce-
mia [47, 48].

We found that a high RC may increase the risk of both
comorbidities. A previous study found that RC signifi-
cantly predicts hypertension in diabetic populations and
that RC and T2DM interact in the subsequent risk of
developing hypertension [49]. Similarly, a cohort study
with a 9-year follow-up found stronger effects of RC on
the comorbidity of hypertension and prediabetes than
on each disease alone [50]. RC includes very-low-density
lipoprotein cholesterol (VLDL-C), which can stimulate
the release of aldosterone and increase circulating blood
volume [51]. Available evidence suggests that both hyper-
activity of the renin—angiotensin—aldosterone system and
insulin resistance are potential mechanisms for hyperten-
sion complicated by diabetes [52, 53].

To date, the most commonly used clinical indicators
of cholesterol to assess lipid levels are TC, LDL-C, and
HDL-C; however, we found that even when these three
indicators are at normal levels, RC still poses a risk for
hypertension, T2DM, and their coexistence. Some stud-
ies have suggested that non-HDL-C has better utility
than traditional cholesterol indices such as LDL-C in
predicting diabetes risk [54]. Furthermore, elevated RC
may lead to inflammation and coronary artery disease,
whereas elevated LDL-C may only lead to coronary heart
disease without an inflammatory response that performs
a crucial role in the development of hypertension and
T2DM [55]. Therefore, when conventional lipid levels
are normal, we still need to be concerned about residual
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Table 2 Association between RC and hypertension, T2DM, and their coexistence in NHANES 2005-2018 (N=17,749)

Unadjusted Adjusted Model 1 Adjusted Model 2 Adjusted Model 3
OR (95% CI) Pvalue OR(95% Cl) Pvalue OR(95% Cl) Pvalue OR(95% Cl) P value
Raw data with missing values
Hypertension 3.829(3.321,4415) <0001 2601(2.2523.004) <0001 2697(2.3173.139) <0.001 1.068(1.063,1.073) <0.001
T2DM 4.158(3.6034.798)  <0.001  3.342(2.817,3.964) <0001 3.557(2.9504.288) <0.001 2.259(1.797,2.838) <0.001
Hypertension &T2DM  4.107(3.478/4.849)  <0.001  3.449(2.821,4217) <0001 3.787(3.0454.710) <0.001 2.362(1.8343.041) <0.001
Multiple Imputation based on mice
Hypertension 3.829(3321,4415) <0001 2601(2252,3.004) <0001 2914(25263362) <0001 1.866(1.594,2.186) <0.001
T2DM 4.158(3.603/4.798) <0001 3342(2.817,3.964) <0001 3.594(3.0024.304) <0.001 2466(2.030,2.996) <0.001
Hypertension & T2DM  4.107(3.4784.849)  <0.001  3.449(2.821/4.217) <0.001 3.900(3.171,4.797) <0.001 2.661(2.1483.297) <0.001
Unit replaced with mg/dL
Hypertension 1.035(1.032,1.039)  <0.001  1.025(1.021,1.029) <0.001  1.026(1.022,1.030) <0.001 1.014(1.010,1.019)  <0.001
T2DM 1.038(1.034,1.041) <0.001 1.032(1.027,1.036) <0001 1.033(1.028,1.038) <0.001 1.021(1.015,1.027) <0.001
Hypertension & T2DM  1.037(1.033,1.042) <0.001  1.033(1.027,1.038) <0.001  1.035(1.029,1.041) <0.001  1.022(1.016,1.029) <0.001

Notes: Model 1 was adjusted by age and sex; Model 2 was adjusted by age, sex, race, education, marital status, and PIR; Model 3 was additionally adjusted by smoking,

alcohol, BMI levels, HEI, DI, and waist

Abbreviations: T2DM Type 2 diabetes, RC Remnant cholesterol, OR Odds ratio, C/ Confidence interval

lipoprotein cholesterol in order to prevent its contribu-
tion to disease.

The results of the stratified interaction analysis showed
a significant interaction between RC and sex for hyper-
tension, T2DM, and their coexistence. Specifically, we
observed more significant deleterious effects in women.
This may be due to the stronger interaction of estro-
gen with cholesterol metabolism [56]. A current study
found that RC increased the risk of cardiovascular dis-
ease in women [57]. Furthermore, the risk of metabolic
syndrome associated with RC was significantly higher
among women than among men [58]. These results may
provide some support for our findings.

While exploring the relationship between RC and
hypertension, T2DM, and their coexistence, we found
that inflammation-related indicators (leukocytes,
lymphocytes, monocytes, and neutrophils) played a
partially mediating role. RC may contribute to the
development of hypertension, T2DM, or both by stim-
ulating an inflammatory response. Evidence has found
that RC may promote monocyte activation, which in
turn leads to endothelial dysfunction [59, 60]. Small
dense LDL-C and remnant-like particle cholesterol
have a combined effect on inflammation and may be
associated with low-grade inflammation characterized
by elevated C-reactive protein levels [61]. It has been
found that VLDL-C and its component apolipoprotein
C-1II promote inflammatory responses by stimulating
interleukin-1pB [62]. In the progression of hypertension
and T2DM, increased inflammatory cytokines impair
insulin secretion and sensitivity and induce insulin
resistance and [-cell dysfunction [63].

Strengths and limitations

The strength of this study lies in its use of data from
a large sample, full consideration of the risk factors
involved, and adjustment for them. In addition, this
study is the first to investigate the role of inflamma-
tion-related indicators in mediating the association of
RC with hypertension, T2DM, and their coexistence
in a nationally representative sample, providing initial
clues regarding the mechanisms involved. However,
this study has several limitations. Firstly, given this is a
cross-sectional study, the causal association between
RC and hypertension, T2DM, and both together could
not be determined. Further cohort studies are needed
to determine their association. Secondly, the NHANES
database is a survey based on the U.S. population and
has limitations in extrapolating results, and the collec-
tion of diseases and some covariates is obtained through
questionnaires, thus potentially generating recall bias.
Finally, RC levels were obtained using a formula and
therefore have the potential to overestimate or under-
estimate the value of RC compared to direct measures.
Additionally, the data on recent infections and antibiotic
use was not available in the NHANES database, which
precluded us from including them for adjustment in
mediation analyses.

Conclusion

This study suggests a significant positive relation-
ship between RC values and the risk of hypertension,
T2DM, and their coexistence. Notably, these posi-
tive associations persisted even when TC, LDL-C, and
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Fig. 2 Restricted cubic spline curves of remnant cholesterol concentrations in NHANES 2005-2018 (N=17,749). Notes: (A) Restricted cubic spline
curves of remnant cholesterol in hypertension; (B) Restricted cubic spline curves of remnant cholesterol in T2DM; (C) Restricted cubic spline curves
of remnant cholesterol in hypertension & T2DM. Adjusted by age, sex, race, education, marital status, PIR, smoking, alcohol, BMI levels, HEI, DI,

and waist. Abbreviations: T2DM, type 2 diabetes; RC, remnant cholesterol

Table 3 Association between RC and hypertension, T2DM, and their coexistence when TC, LDL-C and HDL-C are at normal levels in
NHANES 2005-2018 (N=17,749)

TC < 5.18mmol/L LDL-C < 3.37mmol/L HDL-C > 1.04mmol/L

OR (95%Cl) Pvalue OR (95%Cl) Pvalue OR (95%Cl) Pvalue
Hypertension 2.085(1.565,2.777) <0.001 1.984(1.572,2.504) <0.001 1.797(1.440,2.241) <0.001
T2DM 2481(1.920,3.206) <0.001 2.169(1.703,2.763) <0.001 2431(1.828,3.232) <0.001
Hypertension & T2DM 3.186(2.319,4.376) <0.001 2.590(1.957,3.428) <0.001 2412(1.813,3.209) <0.001

Notes: Adjusted by age, sex, race, education, marital status, PIR, smoking, alcohol, BMI levels, HEI, DII, and waist

Abbreviations: T2DM Type 2 diabetes, RC Remnant cholesterol, TC Total cholesterol, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density lipoprotein
cholesterol, OR Odds ratio, C/ Confidence interval

A Indirect effect = 0.008 B Indirect effect = 0.012 C Indirect effect = 0.009
95%Cl, 0.004~0.010, P < 0.001 95%Cl, 0.009~0.013, P < 0.001 95%Cl, 0.006~0.010, P < 0.001
Leukocytes Leukocytes Leukocytes

count count count

Total effect = 0.062, P< 0.001

Total effect = 0.081, P < 0.001
Proportion of mediation = 14.0%

Total effect = 0.074, P < 0.001
Proportion of mediation = 14.5%

Proportion of mediation = 10.8%

RC Hypertension RC Diab RC ”VF[’)?:;;‘;“S’”&
Direct effect = 0.066 Direct effect = 0.069 Direct effect = 0.054
95%Cl, 0.063~0.107, P < 0.001 95%Cl, 0.0562~0.077, P < 0.001 95%Cl, 0.039~0.060, P < 0.001
Indirect effect = 0.005 Indirect effect = 0.007 Indirect effect = 0.006
95%Cl, 0.002~0.007, P < 0.001 95%Cl, 0.005~0.009, P < 0.001 95%Cl, 0.004~0.007, P < 0.001
Neutrophil Neutrophil Neutrophil
count count count
Total effect = 0.093, P < 0.001 Total effect = 0.086, P < 0.001 Total effect = 0.061, P<0.001
Proportion of mediation = 5.5% Proportion of mediation = 8.7% Proportion of mediation = 9.4%
RC Hypertension RC Diabetes RC HY%‘?;‘:;S;:"&
Direct effect = 0.088 Direct effect = 0.078 Direct effect = 0.056

95%Cl, 0.065~0.108, P < 0.001 95%Cl, 0.056~0.081, P < 0.001 95%Cl, 0.041~0.060, P < 0.001
Fig. 3 Analyses of the mediation by leukocytes and neutrophils of the association between RC and hypertension (A, D), T2DM (B, E),
and the coexistence of the two diseases (C, F). Notes: Adjusted by age, sex, race, education, marital status, PIR, smoking, alcohol, BMI levels, HEI, DI,
and waist. Abbreviations: T2DM, type 2 diabetes; RC, remnant cholesterol
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HDL-C levels were normal. Several inflammation-
related indicators may partially mediate this associa-
tion. Our findings indicate that RC can be used as a
lipid predictor for hypertension, T2DM, and their co-
occurrence, providing new insights into their preven-
tion. This study has some clinical relevance: RC may
serve as a clinical predictor of hypertension, T2DM,
and their coexistence.

Abbreviations
RC Remnant cholesterol

T2DM Type 2 diabetes mellitus

LDL-C Low-density lipoprotein cholesterol
HDL-C High-density lipoprotein cholesterol
NHANES  National Health and Nutrition Examination Survey
TC Total cholesterol

PIR Poverty income ratio

BMI Body mass index

HEI Healthy eating index

DIl Dietary inflammation index

ORs Odds ratios

95%Cls 95% Confidence intervals

VLDL-C Very-low-density lipoprotein cholesterol
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