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Background: The relationship between the total cholesterol/high-density

lipoprotein cholesterol (TC/HDL-C) ratio and all−cause and cardiovascular

mortality has not been elucidated. Herein, we intend to probe the effect of

the TC/HDL-C ratio on all-cause and cardiovascular mortality in the general

population.

Methods: From the 1999–2014 National Health and Nutrition Examination

Surveys (NHANES), a total of 32,405 health participants aged ≥18 years were

included. The TC/HDL-C levels were divided into five groups: Q1: <2.86, Q2:

2.86–3.46, Q3: 3.46–4.12, Q4: 4.12–5.07, Q5: >5.07. Multivariate Cox

regression models were used to explore the relationship between the TC/

HDL-C ratio and cardiovascular and all-cause mortality. Two−piecewise linear

regression models and restricted cubic spline regression were used to explore

nonlinear and irregularly shaped relationships. Kaplan–Meier survival curve and

subgroup analyses were conducted.

Results: The population comprised 15,675 men and 16,730 women with a

mean age of 43 years. During a median follow-up of 98 months (8.1 years),

2,859 mortality cases were recorded. The TC/HDL-C ratio and all-cause

mortality showed a nonlinear association after adjusting for confounding

variables in the restricted cubic spline analysis. Hazard ratios (HRs) of all-

cause mortality were particularly positively related to the level of TC/HDL-C

ratio in the higher range >5.07 and in the lower range <2.86 (HR 1.26; 95% CI

1.10, 1.45; HR 1.18; 95% CI 1.00, 1.38, respectively), although the HRs of

cardiovascular disease mortality showed no difference among the five

groups. In the two-piecewise linear regression model, a TC/HDL-C ratio

range of ≥4.22 was positively correlated with cardiovascular mortality (HR

1.13; 95% CI 1.02, 1.25). In the subgroup analysis, a nonlinear association

between TC/HDL-C and all-cause mortality was found in those aged <65

years, men, and the no lipid drug treatment population
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Conclusion: A nonlinear association between the TC/HDL-C ratio and all-

cause mortality was found, indicating that a too-low or too-high TC/HDL-C

ratio might increase all-cause mortality. However, for cardiovascular mortality,

it does not seem so. The cutoff value was 4.22. The individuals had higher

cardiovascular mortality with a TC/HDL-C ratio >4.22.
KEYWORDS

total cholesterol/high-density lipoprotein cholesterol ratio, all-cause mortality,
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Introduction

Cardiovascular disease and cancer are the primary causes of

mortality worldwide. A report from America shows the United

States see 1 million deaths from cardiovascular disease per year

(1). Cholesterol contributes significantly to cardiovascular

disease and cancer (2, 3). Impaired intracellular cholesterol

metabolism is related to the procedure of many diseases (4).

Although low-density lipoprotein cholesterol (LDL-C) level

is used as the primary target of therapy, the risk of cardiovascular

disease among statin-treated individuals remains high and not

fully explained. Other lipid profiles may interpret some causes of

the risk of cardiovascular disease and mortality. Guidelines

recommend consideration of lipoprotein ratios [total

cholesterol (TC)/high-density lipoprotein cholesterol (HDL-

C)] in the management of cardiovascular risk (5). Previous

studies have indicated a link between the TC/HDL-C ratio and

cardiovascular events; however, findings from these studies have

been controversial due to partially inconsistent results (6, 7). The

TC/HDL-C ratio remains to be related to cardiovascular

mortality among statin-treated individuals; patients in the

highest range >2.83 have an increased risk of cardiovascular

mortality that is 63% higher than those in the lowest range <2.23

(8, 9). The TC/HDL-C ratio is associated with cardiovascular

morbidity and mortality in the general population,

independently of triglycerides (TGs), albuminuria, and high-

sensitivity C-reactive protein (10). It also has been proven to be

an effective predictor of future cardiac events among healthy US

women aged 45 years or older (11). Calculating the ratio TC/

HDL-C can help us better judge cardiovascular risk when TC

levels and HDL-C levels are difficult to determine. Exploring the

relationship between TC/HDL-C and death can focus on the

residual risk of death after LDL-C treatment.

However, few studies have examined the association of the

TC/HDL-C ratio with all-cause mortality. The optimal range of

the TC/HDL-C ratio for avoiding mortality is still unknown.

Evidence from a large cohort among the general population is

needed to address the knowledge gap.
02
Materials and methods

Population

The National Health and Nutrition Examination Survey

(NHANES) was a program of studies designed to assess the

health and nutritional status of adults and children in the United

States. Data from the NHANES for the years 1999–2014 were used

for analysis, and a total of 32,405 participants aged ≥18 years with

lipid data were included (Figure 1). From 1999 to 2014, people with

cardiovascular disease (7,021 people) or cancer (2,719 people) were

excluded during the baseline. The study protocol was agreed upon

by the Centers for Disease Control and Prevention of the United

States. All participants signed an informed consent form.
Data collection

Demographic information was collected through

questionnaires by trained personnel, including age, gender, race
FIGURE 1

Study flowchart.
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(white or non-white), medical history (hypertension or diabetes),

and smoking status. Height, weight, and blood pressure were

measured by trained personnel in a standard operating procedure.

Body mass index (BMI) was calculated using weight (kg) divided

by the square of height (m2). The estimated glomerular filtration

rate (eGFR) was computed using theModification of Diet in Renal

Disease (MDRD) formula (12). Hypertension was defined as

systolic blood pressure (SBP) ≥140 mmHg or diastolic blood

pressure (DBP) ≥90 mmHg or self-reported history of

hypertension (13). Type 2 diabetes was defined as fasting blood

glucose ≥126 mg/dl (7.0 mmol/L), self-reported history of

diabetes, hemoglobin A1c (HbA1C) ≥6.5%, or using

hypoglycemic drugs (14).
Lipid measurement

Lipid blood sample collection and measurement were

conducted according to a standardized protocol from the

Centers for Disease Control and Prevention. HDL-C was

measured by direct immunoassay or by precipitation (15).

Serum TC and HDL-C levels were measured enzymatically with

a Hitachi 704 Analyzer (Boehringer Mannheim Diagnostics,

Indianapolis, IN, USA) (16). LDL-C was measured by the

Friedewald formula [LDL-C = TC – HDL-C – (TG/5)] if the

TG level was ≤400 mg/dl (17).
Clinical outcomes

Primary outcomes were all-cause mortali ty and

cardiovascular mortality (heart disease and stroke mortality).

These participants were followed up until 31 December 2015.

Mortality data were extracted from the 1999–2014 NHANES

public-use linked mortality files. The International Classification

of Diseases, Tenth Revision, codes (I00-I09, I11, I13, I20-I51,

I60-69) were used to define cardiovascular mortality.
Statistical analysis

We applied population-weighted parametric and

nonparametric tests when appropriate for exploring the

associations of baseline characteristics (18). In the analysis,

continuous variables were expressed as means [standard

deviation (SD)] for normally distributed variables. Categorical

variables were expressed as percentages (number of individuals).

Baseline characteristics of participants were grouped by the TC/

HDL-C ratio (Q1: <2.86, Q2: 2.86–3.46, Q3: 3.46–4.12, Q4: 4.12–

5.07, Q5: >5.07). The chi-square, one-way ANOVA, Kruskal–

Wallis H-test were carried out to examine the differences among

these groups. Multivariate-adjusted Cox-restricted cubic spline
Frontiers in Endocrinology 03
regression was used to explore the relationship. Survival analysis

was explored by using standardized Kaplan–Meier curves and

log-rank tests.

Multivariate Cox regression models were conducted to

examine independent factors for all-cause and cardiovascular

mortality. Multivariate-adjusted Cox-restricted cubic spline

regression models and a generalized additive model were used

to explore the nonlinear relationship between the TC/HDL-C

ratio and mortality. If nonlinear relationships were identified,

a two-piecewise Cox proportional hazards model on both

sides of the inflection point and log likelihood ratio test were

performed. TC/HDL-C was included in the model as a

continuous variable and fit a coefficient above/below cutoff

value separately. We used a two-piecewise linear regression

model to evaluate the nonlinear relationships between the

TC/HDL-C ratio and mortality, and the optimal cutoff points

were set by testing all possible values and selecting the cutoff

values with the highest likelihood. Subgroup analysis was

performed. All analyses were performed with R version 3.6.3

(R Foundation for Statistical Computing, Vienna, Austria),

with statistical significance being identified at the level of P

< 0.05.
Results

Baseline characteristics

The baseline characteristics according to the TC/HDL-C

ratio groups were presented in Table 1. In total, 32,405

participants were included in this analysis with mean age of 43

years old. Among them, 51.63% were women, 67.69% were

white, and 45.23% smoked. In addition, the proportion of

participants with hypertension and diabetes was 33.22% and

10.04%, respectively. The proportion of antihypertensive drugs,

hypoglycemic agents, and lipid-lowering drugs was 17.67%,

5.09%, and 8.81%, respectively. There were significant

differences in age, gender, smoking, BMI, SBP, DBP,

TC, eGFR, baseline proportion of diabetes, hypertension,

and the use of lipid-lowering, antihypertensive, and

hypoglycemic drugs among groups according to the TC/HDL-

C concentrations (all P < 0.05), except race.
Incidence of cardiovascular and all-
cause mortality

During a median follow-up of 98 months (8.1 years), 2,859

mortality cases occurred; 551 mortality cases were due to

cardiovascular disease. The incidence rate of all-cause and

cardiovascular mortality among the TC/HDL-C groups was

shown in Table 1.
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TC/HDL-C ratio and all-cause or
cardiovascular mortality

Table 2 shows the estimated hazard ratio (HR) and

confidence intervals (CIs) of all-cause and cardiovascular

mortality according to the different TC/HDL-C ratio groups.

When compared to the reference group (TC/HDL-C ratio:

3.16–3.78) in model III, the multivariable-adjusted HRs for all-

cause mortality was 1.26 (1.10, 1.45) for group 5 (P < 0.05).

HRs for all-cause mortality in the first group was 1.18 (1.00,

1.38). Among the large sample size of 32,405 participants, only

15,106 participants have the data for LDL-C. LDL-C has a

strong relationship with cardiovascular risk. We tried to

include LDL-C in the model of the 15,106 participants. The

results showed severe collinearity between LDL-C and TC

(Supplementary Table S1). LDL-C and TC showed a strong

correlation (Supplementary Table S2). We adjusted TC in

model 3, and LDL-C was excluded from the analysis.

Multivariate-adjusted Cox-restricted cubic spline regression

models and a generalized additive model were used to

explore the nonlinear relationship between the TC/HDL-C

ratio and mortality. Multivariate-adjusted Cox-restricted
Frontiers in Endocrinology 04
cubic spline regression was shown in Figure 2. After

adjusting for some potential confounders, the relationship

between TC/HDL-C and all-cause mortality was revealed to

be U-shaped (P < 0.001) (Figure 2A), as both low and high

concentrations were associated with high all-cause mortality

risk. However, the nonlinear association between TC/HDL-C

and cardiovascular mortality appeared to be not significant (P

= 0.07) (Figure 2B). The results of the two-piecewise linear

regression model between TC/HDL-C and mortality were

demonstrated in Table 3. After adjusting for potential

confounders, the cutoff value of all-cause and cardiovascular

mortality was 3.66 and 4.22, respectively. More or less than

3.66 was related to a higher risk of all-cause mortality (all P <

0.05). When the TC/HDL-C ratio was >4.22, the association

was significantly positive for cardiovascular mortality (P <

0.05). A TC/HDL-C ratio increase of 1 SD leads to a 13%

risk increase for cardiovascular mortality. The cumulative

surv iva l probabi l i ty of a l l -cause (Figure 3A) and

cardiovascular mortality (Figure 3B) among the participants

as stratified by TC/HDL-C levels was demonstrated in Figure 3.

There were no significant differences among the five groups (all

log-rank P > 0.05).
TABLE 1 Demographic and clinical characteristics according to the TC/HDL-C ratio quintiles.

TC/HDL-C

Total Q1 Q2 Q3 Q4 Q5 P for trend

Number 32,405 6,481 6,483 6,479 6,484 6,478

Age, years 43.9 (0.18) 42.4 (0.31) 43.8 (0.30) 44.1 (0.24) 44.9 (0.26) 44.5 (0.24) <0.001

Gender-female, % 51.6 (0.27) 70.6 (0.74) 62.1 (0.88) 53.1 (0.75) 42.2 (0.86) 30.4 (0.69) <0.001

Race-white, % 67.6 (1.19) 66.6 (1.28) 67.5 (1.21) 68.0 (1.38) 66.5 (1.42) 69.5 (1.43) 0.086

Smoking, % 45.2 (0.57) 41.5 (0.82) 41.2 (0.85) 44.8 (0.87) 45.0(0.88) 53.2 (1.00) <0.001

Body mass index, kg/m2 28.4 (0.07) 25.1 (0.10) 27.3 (0.11) 28.8 (0.10) 30.0 (0.11) 30.7 (0.12) <0.001

Systolic blood pressure, mmHg 121.1 (0.18) 118.2 (0.30) 119.4 (0.31) 120.9(0.26) 122.3(0.30) 124.5 (0.33) <0.001

Diastolic blood pressure, mmHg 71.1 (0.16) 68.5 (0.26) 69.2 (0.22) 71.0 (0.21) 72.4 (0.23) 74.3 (0.28) <0.001

eGFR, mg/min/1.73 m2 88.7 (0.32) 89.9 (0.53) 88.7(0.52) 89.6 (0.56) 87.4 (0.46) 87.8 (0.44) <0.001

Total cholesterol, mg/dl 198.3 (0.39) 173.8 (0.56) 185.7 (0.58) 194.6 (0.70) 206.4 (0.61) 230.5 (0.74) <0.001

HDL cholesterol, mg/dl 52.8 (0.16) 71.4 (0.27) 58.8 (0.19) 51.5 (0.19) 45.3 (0.14) 37.4 (0.13) <0.001

TC/HDL-C ratio 4.1 (0.01) 2.4 (0.00) 3.1 (0.00) 3.7 (0.00) 4.5 (0.00) 6.2 (0.02) <0.001

Comorbidities, %

Hypertension 33.2 (0.44) 26.9 (0.70) 30.2 (0.75) 34.4 (0.80) 36.1 (0.83) 38.2 (0.87) <0.001

Diabetes 10.0 (0.23) 6.8 (0.41) 8.0 (0.43) 9.9 (0.42) 11.5 (0.50) 13.8 (0.55) <0.001

Treatment, %

Antihypertensive drugs 17.6 (0.35) 14.8 (0.59) 17.7 (0.65) 19.5 (0.66) 19.2 (0.71) 17.0 (0.59) 0.002

Hypoglycemic agents, 5.1 (0.16) 4.1 (0.34) 4.5 (0.31) 5.3 (0.32) 5.3 (0.34) 5.9 (0.40) 0.001

Lipid-lowering drugs 8.8 (0.25) 9.1 (0.43) 10.5 (0.56) 10.2 (0.51) 8.3 (0.42) 5.8 (0.37) <0.001

Outcomes, %

Cardiovascular disease mortality 1.0(0.06) 0.88(0.11) 0.8 (0.12) 1.1(0.13) 1.0 (0.12) 1.3(0.14) 0.008

All-cause mortality 6.1 (0.19) 5.6 (0.31) 5.5 (0.29) 5.7 (0.33) 6.2 (0.33) 7.3 (0.35) <0.001
f

Results are mean (SD) or percentage (number of individuals).
Abbreviations: Q, quintiles; TC/HDL-C, total cholesterol/high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; Q1, <2.86; Q2, 2.86–3.46; Q3, 3.46–4.12; Q4, 4.12–
5.07; Q5,>5.07.
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We analyzed the association of the TC/HDL-C ratio and

cancer mortality. Supplementary Table S3 showed HR and 95%CI

of the multivariable Cox regression model. The patients with the

highest TC/HDL-C in the Q5 group had HRs ranging from 0.99 to

2.04 compared with patients in the Q3 group. It seems that a

higher TC/HDL-C was related to cancer mortality, consistent with

cardiovascular mortality. However, due to the very few outcomes

of cancer mortality, the P-value was not significant.
Frontiers in Endocrinology 05
Subgroup analyses

Subgroup analysis was presented in Figure 4. After adjusting

for some confounders, the results showed differences in the

subgroups. The two-piecewise linear relationship between TC/

HDL-C and all-cause mortality was significant in the

populations that were aged <65 years, men, not taking lipid-

lowering drugs, and no matter white or not. For those treated
BA

FIGURE 2

Spline analyses of all-cause (A) and cardiovascular (B) mortality by the total cholesterol/high-density lipoprotein cholesterol (TC/HDL-C) ratio in
the overall cohort, and the probability distribution histogram is represented in the background. (Spline analyses were adjusted for age, gender,
race, smoking, body mass index, systolic blood pressure, estimated glomerular filtration rate, diabetes and hypertension, antihypertensive drugs,
hypoglycemic agents, and lipid-lowering drugs.).
TABLE 2 Multivariate Cox regression analysis of the TC/HDL-C ratio with all-cause mortality and cardiovascular mortality.

Event rate/1,000 person-
years

Model I HR (95% CI), P-
value

Model II HR (95% CI), P-
value

Model III HR (95% CI), P-
value

All-cause mortality

TC/HDL-C ratio quintiles

Q1 10.57 1.07 (0.93, 1.22), 0.3449 1.28 (1.12, 1.47), 0.0002 1.18 (1.00, 1.38), 0.0534

Q2 10.21 1.01 (0.88, 1.16), 0.9124 1.08 (0.95, 1.23), 0.2417 1.06 (0.92, 1.22), 0.3976

Q3 10.43 Ref Ref Ref

Q4 11.17 1.08 (0.93, 1.25), 0.3325 1.04 (0.89, 1.20), 0.6286 1.05 (0.90, 1.23), 0.5207

Q5 11.37 1.19 (1.04, 1.37), 0.0120 1.24 (1.09, 1.40), 0.0007 1.26 (1.10, 1.45), 0.0010

P for
trend

0.0216 0.5215 0.1408

Cardiovascular mortality

TC/HDL-C ratio quintiles

Q1 2.07 0.85 (0.60, 1.21), 0.3676 1.04 (0.72, 1.51), 0.8255 1.06 (0.71, 1.57), 0.7853

Q2 1.60 0.78 (0.54, 1.13), 0.1959 0.84 (0.58, 1.23), 0.3744 0.94 (0.64, 1.38), 0.7507

Q3 2.09 Ref Ref Ref

Q4 2.20 0.92 (0.66, 1.29), 0.6386 0.89 (0.64, 1.24), 0.4807 0.86 (0.62, 1.19), 0.3603

Q5 2.38 1.15 (0.85, 1.56), 0.3645 1.23 (0.92, 1.66), 0.1673 1.09 (0.78, 1.53), 0.6111

P for
trend

0.0324 0.1332 0.7329
HR, hazard ratio; CI, confidence interval; Q, quintiles; Q1, <2.86; Q2, 2.86–3.46; Q3, 3.46–4.12; Q4, 4.12–5.07; Q5, >5.07.
Model I adjusted for none.
Model II adjusted for age, gender, and race.
Model III adjusted for age, gender, race, smoking, body mass index, systolic blood pressure, estimated glomerular filtration rate, total cholesterol, comorbidities (diabetes and hypertension),
and medicine use (antihypertensive drugs, hypoglycemic agents, and lipid-lowering drugs).
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with lipid-lowering drugs, above the cutoff value had shown a

significant association with all-cause mortality. Although a

single lipid variable controlled well, the TC/HDL-C ratio

contributed to additional lipid evaluation value. The two-

piecewise linear relationship between TC/HDL-C and

cardiovascular mortality was not significant in the subgroup.
Discussion

The principal finding of this study was that the TC/HDL-C

ratio had a nonlinear connection with all-cause mortality but not

cardiovascular mortality. For cardiovascular mortality, the TC/

HDL-C ratio >4.22 had higher cardiovascular mortality.

Abnormal blood lipid metabolism is a necessary condition

for the occurrence of atherosclerosis. TC, LDL-C, and TG are the

most often evaluated in clinical work. However, a single lipid

index has been shown to be poorly predictive of cardiovascular

disease. Among the patients treated with a statin, lipoprotein

ratios provided additional value. In a cohort study (10), a high

TC/HDL-C ratio was associated with a higher risk of

cardiovascular and malignancy mortality in participants

without previous cardiovascular disease and who did not use

lipid-lowering drugs initially. Another analysis from the

Atherosclerosis Risk in Communities (ARIC) study (19), a
Frontiers in Endocrinology 06
large cohort of participants free from atherosclerotic

cardiovascular disease (ASCVD) at baseline and followed up

for more than 20 years with five visits, indicated that those with a

TC/HDL-C ratio ≥4.2 had a higher risk of ASCVD, independent

of other clinical risk factors and the use of lipid-lowering

medications. These two studies are extensive cohort studies

with an extended follow-up time; our finding was consistent

with these results. The ARIC study recruited participants from

1987 to 1989 in the United States from four communities, almost

the same as ours; the risk of cardiovascular mortality increased

for a TC/HDL-C ratio ≥4.22. However, NHANES was a program

of studies conducted in the whole United States. Data from 1999

to 2014 were used. The results of our study would be more

suitable nowadays. A 1 SD increase in the TC/HDL-C ratio

resulted in a 13% increased risk of cardiovascular mortality. The

proportion of participants with hypertension and diabetes was

only 33.22% and 10.04%, respectively. The mean age was 43

years old, and the mean SBP and DBP were normal. Therefore,

the population was less at risk for cardiovascular mortality. This

may be the reason that those with a TC/HDL-C ratio <4.22

showed no significance. In addition, we did not distinguish

coronary heart disease mortality and cerebrovascular disease

mortality from cardiovascular mortality. The adjustment of

different confounding factors may also have a certain effect on

the results.
BA

FIGURE 3

Kaplan–Meier survival curves for all-cause (A) and cardiovascular (B) mortality between Q1, <2.86, Q2, 2.86–3.46, Q3, 3.46–4.12, Q4, 4.12–5.07,
and Q5, >5.07.
TABLE 3 The results of two-piecewise linear regression model between the TC/HDL-C ratio and all-cause mortality and cardiovascular mortality.

All-cause mortalityHR (95% CI) P-value Cardiovascular mortalityHR (95% CI) P-value

Cutoff value 3.66 4.22

<Cutoff value 0.84 (0.75, 0.93) 0.001 0.91 (0.75, 1.10) 0.331

≥Cutoff value 1.13 (1.09, 1.17) <0.001 1.13 (1.02, 1.25) 0.015

P for log likelihood ratio test <0.001 0.076
HR, hazard ratio; CI, confidence interval.
The two-piecewise linear regression model was adjusted for age, gender, race, smoking, body mass index, systolic blood pressure, estimated glomerular filtration rate, total cholesterol,
comorbidities (diabetes and hypertension), and medicine use (antihypertensive drugs, hypoglycemic agents, and lipid-lowering drugs).
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Our study found that the TC/HDL-C ratio had a nonlinear

association with all-cause mortality. Both extremely high and low

ratios indicated a high risk of all-cause mortality in populations

that were aged <65 years, men, white, and not taking lipid-lowing

drugs. A retrospective study (20) from China has shown that TC/

HDL-C ≥3.37 had a predictive value for mortality. Moreover, a U-

shaped relationship was found between TC and all-cause

mortality in the general Korean population regardless of sex and

age (21) and patients with type 2 diabetes mellitus (22). The

association between HDL-C concentrations and all-cause

mortality was U-shaped for both men and women, with both

extremely high and low concentrations being associated with high

all-cause mortality risk in the Copenhagen City Heart Study and

the Copenhagen General Population Study (23). Our study first

showed a U-shaped association between the TC/HDL-C ratio and

all-cause mortality in the general population. In the follow-up,

2,859 individuals died in our research. However, 694,423

individuals died in the general Korean population study during

follow-up. In addition, 5,619 men died and 5,059 women died in

the Copenhagen City Heart Study and the Copenhagen General

Population Study. Fewer outcomes and fewer gaps among groups

meant the cumulative survival probability analysis showed no

difference in all-cause mortality and cardiovascular mortality.

TC and TC/HDL-C showed a moderate correlation in our

report. Although the treatment for lowering TC and LDL-C was

ongoing for reducing cardiovascular events, the incidents of

cardiac events are still high. A single lipid index is poorly

predictive of cardiovascular disease. Among the patients

treated with a statin, lipoprotein ratios provide additional

value. In the report by Beale et al. (24), TC was U-shaped

associated with mortality in the no lipid drug population; in the

lipid drug-treated population, TC showed no difference between

groups. However, our results showed after adjusting TC that the

TC/HDL-C ratio had additional clinical value in the population

treated with lipid-lowering drugs. A higher TC/HDL-C ratio in

treated patients still had a higher risk of all-cause mortality, not

cardiovascular mortality. Maybe the decreased TC reduced the
Frontiers in Endocrinology 07
artery atherosclerosis of the heart and brain; however, the TC/

HDL-C ratio influenced all-cause mortality with other

mechanisms. The results make us pay attention to lipoprotein

ratios in all-cause mortality.

In the subgroup, a two-piecewise linear connection with all-

cause mortality only had significance in the populations that

were aged <65 years, men, not taking lipid-lowering drugs, and

white or not white. It seems that atherosclerosis caused by

cholesterol was not the leading cause of mortality in these

populations, with extreme control of the TC/HDL ratio for

avoiding all-cause mortality and remote control of the TC/

HDL ratio for avoiding cardiovascular mortality. The

population aged ≥65 years may have many comorbidities, such

as hypertension, diabetes, or hyperuricemia. Recently, older

women with a higher risk of heart failure with preserved

ejection fraction (HFpEF) had been identified by several

studies (24). Then, more risk factor management is needed to

focus on these populations, not only the TC/HDL-C ratio.

There are several limitations to the study. First, the

population-based sampling of NHANES permitted our

analyses to represent men and women living in the United

States. Second, we did not show time-fixed and time-varying

follow-up lipid data. Third, despite adjusting for known or

hypothesized variables to influence or confound the TC/HDL-

C ratio and mortality relationship, we cannot exclude the

possibility of residual confounding by unmeasured factors,

such as inflammation markers, physical markers, physical

activity, and uric acid.
Conclusions

In summary, the TC/HDL-C ratio had a nonlinear connection

with all-cause mortality but not with cardiovascular mortality. The

cutoff value was 4.22. Individuals had higher cardiovascular

mortality with a TC/HDL-C ratio >4.22. The prognostic

capacity of the TC/HDL-C ratio provides complementary tools
FIGURE 4

Subgroup analysis of the total cholesterol/high-density lipoprotein cholesterol (TC/HDL-C) ratio based on cutoff value. When analyzing a
subgroup variable, age, gender, race, smoking, body mass index, systolic blood pressure, estimated glomerular filtration rate, total cholesterol,
comorbidities (diabetes and hypertension), and medicine use (antihypertensive drugs, hypoglycemic agents, and lipid-lowering drugs) were
adjusted except the variable itself.
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to assess the deleterious health effects of dysfunctional lipid

composition. For statin-treated patients, the TC/LDL-C ratio

contributes more value than TC does.
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