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ORIGINAL RESEARCH

Associations of Adipokine Levels With 
Levels of Remnant Cholesterol: The  
Multi-Ethnic Study of Atherosclerosis
Renato Quispe, MD, MHS; Ty Sweeney , MD; Seth S. Martin , MD, MHS; Steven R. Jones , MD; 
Matthew A. Allison , MD, MPH; Matthew J. Budoff , MD; Chiadi E. Ndumele , MD, 
PhD; Mohamed B. Elshazly , MD; Erin D. Michos , MD, MHS

BACKGROUND: The metabolic syndrome phenotype of individuals with obesity is characterized by elevated levels of triglyceride-
rich lipoproteins and remnant particles, which have been shown to be significantly atherogenic. Understanding the association 
between adipokines, endogenous hormones produced by adipose tissue, and remnant cholesterol (RC) would give insight 
into the link between obesity and atherosclerotic cardiovascular disease.

METHODS AND RESULTS: We studied 1791 MESA (Multi-Ethnic Study of Atherosclerosis) participants who took part in an ancillary 
study on body composition with adipokine levels measured (leptin, adiponectin, and resistin) at either visit 2 or visit 3. RC was 
calculated as non–high-density lipoprotein cholesterol minus low-density lipoprotein cholesterol, measured at the same visit 
as the adipokines, as well as subsequent visits 4 through 6. Multivariable-adjusted linear mixed-effects models were used to 
assess the cross-sectional and longitudinal associations between adipokines and log-transformed levels of RC. Mean±SD 
age was 64.5±9.6 years; mean±SD body mass index was 29.9±5.0 kg/m2; and 52.0% were women. In fully adjusted cross-
sectional models that included body mass index, diabetes, low-density lipoprotein cholesterol, and lipid-lowering therapy, for 
each 1-unit increment in adiponectin, there was 14.6% (95% CI, 12.2–16.9) lower RC. With each 1-unit increment in leptin and 
resistin, there was 4.8% (95% CI, 2.7–7.0) and 4.0% (95% CI, 0.2–8.1) higher RC, respectively. Lower adiponectin and higher 
leptin were also associated with longitudinal increases in RC levels over median follow-up of 5 (interquartile range, 4–8) years.

CONCLUSIONS: Lower adiponectin and higher leptin levels were independently associated with higher levels of RC at baseline 
and longitudinal RC increase, even after accounting for body mass index and low-density lipoprotein cholesterol.

Key Words: adipokines ■ obesity ■ remnant cholesterol

Obesity is one of the most important risk factors 
for the development of atherosclerotic cardiovas-
cular disease (ASCVD),1–3 and it is projected that 

1 in 2 adults in the United States will be classified as 
having obesity (defined by a body mass index [BMI] 
≥30 kg/m2) by 2030.4 The pathophysiological link be-
tween obesity and ASCVD is not fully understood.5 In 
this regard, the metabolic syndrome lipid phenotype 
of individuals with obesity is often characterized by 

elevation of triglyceride levels and low levels of high-
density lipoprotein cholesterol (HDL-C).6

Mounting evidence from the past decade has 
shown the role of triglyceride-rich lipoproteins (TGRLs) 
in the development of ASCVD.7 Remnant lipoprotein 
particles are partially lipolyzed lipoproteins derived 
from TGRL of both liver (very low-density lipoprotein) 
and intestinal (chylomicron) origins,8 which have been 
shown to contribute to atherosclerosis independent of, 
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and in addition to, low-density lipoprotein cholesterol 
(LDL-C).9,10 These remnant particles contain a large 
amount of cholesterol and contribute to endothelial 
dysfunction, inflammation, and ultimately atherogene-
sis.7,11 Elevated levels of remnant cholesterol (RC) are 
strongly associated with higher ratios of triglyceride/
HDL-C,12 which are often encountered among individ-
uals with obesity and metabolic syndrome. The asso-
ciation between RC and ASCVD has been established 
by genetic13,14 as well as observational studies.15

Adipokines, such as leptin, adiponectin, and re-
sistin, are endogenous hormones that are released 
from adipose tissue or adjacent inflammatory cells and 
have been shown to influence several metabolic pro-
cesses, such as insulin sensitivity, endothelial function, 
and appetite regulation.16–20 However, the association 
of adipokines with levels of RC has not been fully eluci-
dated, as well as the role of different adipokines in the 
prediction of change in RC levels. In the analysis de-
scribed below, we evaluated the associations between 

endogenous adipokines and (1) cross-sectional levels 
of RC; and (2) progression of RC levels over time.

METHODS
Study Population
The MESA (Multi-Ethnic Study of Atherosclerosis) 
cohort enrolled 6814 men and women, aged 45 to 
84 years, who were free of clinical cardiovascular dis-
ease at baseline (2000–2002) to study subclinical ath-
erosclerosis and other risk factors for the development 
of clinical events. The original MESA aims and design 
have been previously published.21 In an ancillary study 
in MESA, a randomly selected subset of 1970 partici-
pants underwent a noncontrast abdominal computed 
tomography (CT) scan at either visit 2 (2002–2004) or 
visit 3 (2004–2005) (randomly assigned) to study ab-
dominal aortic calcification.22 In a subsequent ancillary 
study evaluating body composition, the abdominal CT 
scans were overread to assess for visceral and sub-
cutaneous adipose tissue, and adipokine levels were 
measured from frozen samples that were obtained at 
the same study visit as the abdominal CT.23–25 We in-
cluded all MESA participants who had adipokines (lep-
tin, adiponectin, and resistin) and a standard lipid panel 
obtained at either visit 2 or visit 3 (n=1791); thus, visit 
2 or 3 (the time of the adipokine assessment) is the 
baseline visit for the current analyses. No missing data 
were seen for the exposure variables, the outcome 
variables, or the covariates in this study sample.

The MESA protocols have been approved by the 
institutional review boards at all study sites, and all par-
ticipants gave written informed consent.

Independent Variable Assessment
The primary independent variables were levels of the 
endogenous adipokines (leptin, adiponectin, and re-
sistin). Samples of fasting serum were obtained at ei-
ther visit 2 (2002–2004) or visit 3 (2004–2005), at the 
visit of the abdominal CT scan,23–25 and immediately 
frozen at −70 °C. In 2009, the adipokines (adiponectin, 
leptin, and resistin) were measured from these stored 
serum samples using a Bio-Rad Luminex flow cy-
tometry (Millipore, Billerica, MA) at the Laboratory for 
Clinical Biochemistry Research (University of Vermont, 
Burlington, VT), as previously reported.26,27 The coef-
ficients of variation for these assays ranged from 6% 
to 13%.

Dependent Variable Assessment
From a standard lipid panel, RC levels were estimated as 
non–HDL-C minus LDL-C. LDL-C was estimated using 
the Martin/Hopkins equation. This method estimates 
LDL-C using 1 of 174 different factors for the triglyceride/

CLINICAL PERSPECTIVE

What Is New?
•	 We examined the association of adipokines with 

remnant cholesterol (RC) among individuals 
without a history of cardiovascular disease.

•	 Adiponectin was inversely associated with 
cross-sectional levels of RC, whereas leptin and 
resistin were directly associated with RC, even 
after accounting for body mass index and low-
density lipoprotein cholesterol.

•	 Adiponectin also had an inverse association 
with progression of RC levels over time.

What Are the Clinical Implications?
•	 Adiponectin levels were not associated with 

low-density lipoprotein cholesterol levels but 
with levels of triglyceride-rich lipoproteins, 
particularly RC.

•	 Incrementing adiponectin via lifestyle modifica-
tion or pharmacologic therapies (ie, Glucagon-
Like Peptide-1 [GLP-1] receptor agonists) could 
possibly be a mechanism to reduce RC levels 
and ultimately cardiovascular risk but warrants 
further study.

Nonstandard Abbreviations and Acronyms

MESA	 Multi-Ethnic Study of Atherosclerosis
RC	 remnant cholesterol
TGRL	 triglyceride-rich lipoprotein
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very low-density lipoprotein cholesterol ratio according to 
non–HDL-C and triglyceride levels when triglyceride lev-
els are <400 mg/dL.28 We additionally performed similar 
estimation when triglyceride levels were 400 to 799 mg/
dL using an expanded version of the Martin/Hopkins 
method that uses several more factors with increased 
accuracy.29 Our group has previously shown that this 
estimation method for RC levels is more accurate than 
using the Friedewald equation.30

Covariates
The covariates included in this study include the fol-
lowing demographic, behavioral, and ASCVD risk 
factors measured at the visit of the adipokine as-
sessment: age, self-reported sex, race and ethnic-
ity, study site, education (less than high school; high 
school or vocational school; college; or graduate or 
professional school), cigarette smoking status (cur-
rent, former, or never), physical activity (metabolic 
equivalent task minutes/week of moderate or vigor-
ous activity), BMI (in kg/m2), total cholesterol (mg/
dL), HDL-C (mg/dL), use of lipid-lowering medications 
(yes/no), diabetes (defined as fasting blood sugar 
≥126, nonfasting glucose ≥200 mg/dL, or medication 
use), and measures of abdominal body composition 
(visceral and subcutaneous adipose tissue in cm2) 
by CT. In exploratory models, we replaced BMI with 
visceral and subcutaneous adipose tissue measures 
from abdominal CTs from visits 2/3. We also explored 
new use of lipid-lowering medications during follow-
up at visits 4, 5, and 6.

Statistical Analysis
We described the baseline demographics and clini-
cal characteristics of the study participants at the 
time of their adipokine level measurement, stratified 
by tertiles of each adipokine (adiponectin, leptin, and 
resistin, separately). Continuous variables were ex-
pressed as mean and SD, and categorical variables 
were expressed as frequency and percentage. For 
our regression models, both RC and adipokine levels 
and their ratios underwent natural log transforma-
tion given their nonnormal distribution. The regres-
sion results were then exponentiated and shown as 
percentage differences using the following formula: 
(εβ−1)×100.

Our primary outcome was RC levels (estimated as 
described above) assessed cross-sectionally at visit 
2 or 3. Our secondary outcome was the prospective 
change in RC levels from the time of measurement of 
adipokines (either visit 2 or visit 3) to visit 6. We used 
standard lipid panels from visits 2, 3, 4, 5, and 6 to 
leverage all available lipid panels in mixed-effects linear 
regression models.

We assessed the longitudinal change in RC levels 
associated with each of the adipokine levels separately 
by using multivariable-adjusted linear mixed-effects 
models, allowing for random variations in baseline RC 
levels and longitudinal slope for RC progression across 
participants. The mixed-effects model for longitudinal 
data leverages all available lipid panel (RC) information 
from all participants, including those without follow-up 
measurements, to jointly model the level of RC at 
baseline and RC change over time. In this mixed-effect 
model, cross-sectional associations are represented 
by coefficients of the adipokines, which estimate the 
difference in RC at baseline by varying adipokine lev-
els. Longitudinal associations are represented by co-
efficients of interactions between adipokines and time 
since baseline, which estimate the rate of change in 
RC levels associated with adipokines.

The linear regression models were progressively ad-
justed as follows: model 1: age, sex, race and ethnicity, 
and study site; model 2: model 1+education, smoking 
status, and physical activity; model 3: model 2+BMI; 
model 4: model 3+LDL-C; model 5: model 4+use of 
lipid-lowering therapy; model 6 (primary model): model 
5+diabetes; model 7: model 5+subcutaneous fat area, 
in cm2 (instead of BMI); and model 8: model 5+visceral 
fat area, in cm2 (instead of BMI).

For sensitivity analyses, we evaluated interactions 
by sex, diabetes, and obesity status (BMI ≥30 versus 
<30 kg/m2).

Transparency and Openness Promotion

The data, methods, and materials used to conduct 
this study will be made available to other researchers 
for the purposes of reproducing or expanding on the 
results on application to and approval by the MESA 
publications and presentations committee. Requests 
for the use of MESA data can also be done through 
the National Heart, Lung, and Blood Institute Biologic 
Specimen and Data Repository Coordinating Center 
(https://​bioli​ncc.​nhlbi.​nih.​gov/​studi​es/​mesa/​).

RESULTS
Study Population
The mean (SD) age of the population was 64.5 (9.6) 
years, and approximately half of them were women 
(52%). In terms of race and ethnicity, most individu-
als were of White race (39.8%), followed by Hispanic 
ethnicity (25.5%), Black race (21.1%), and Chinese 
American race (13.6%). The mean (SD) BMI of the pop-
ulation was 29.9 (5.0) kg/m2. The median (interquar-
tile range) triglyceride level was 113 (77–161) mg/dL, 
and the median (interquartile range) RC level was 21.8 
(16.9–27.8) mg/dL. The median (interquartile range) 

https://biolincc.nhlbi.nih.gov/studies/mesa/
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values for adipokines were as follows: adiponectin, 
17.5 (11.9–26.4) ng/mL; leptin, 13.1 (5.6–28.2) ng/mL; 
and resistin, 14.9 (11.9–18.8) ng/mL.

Baseline Characteristics by Adipokine 
Levels
The baseline characteristics were estimated per tertiles 
of each adipokine separately to more evenly distribute 
the population, and are shown in Table 1 (adiponectin), 
Table 2 (leptin), and Table 3 (resistin).

Compared with lower tertiles of adiponectin, we ob-
served significantly higher proportions of women, White 
individuals, and never smokers, but lower proportions 
of individuals with diabetes (P<0.05) in the highest ter-
tile of adiponectin. In the highest tertile of adiponectin, 
we also observed lower levels of both triglyceride and 
RC, but higher levels of HDL-C. We did not observe 

significant differences in levels of BMI, total cholesterol, 
and LDL-C across adiponectin tertiles (Table 1).

Compared with lower tertiles of leptin, we observed 
significantly higher proportions of women, Black and 
Hispanic individuals, and never smokers in the highest 
tertile of leptin. We also observed higher proportions 
of diabetes, along with greater use of antihypertensive 
and lipid-lowering medications with higher leptin. With 
regard to lipid parameters, we observed higher levels 
of triglyceride and RC in the highest compared with 
lower leptin tertiles. We found that those in the highest 
leptin tertile had significantly higher BMI levels com-
pared with lower tertiles (P<0.05). Contrarily, we did 
not find significant differences in total cholesterol and 
LDL-C across leptin tertiles (Table 2).

Finally, we found significantly higher BMI levels in the 
highest compared with lower tertiles of resistin, along 
with prevalence of diabetes and use of antihypertensive 

Table 1.  Baseline Characteristics by Tertiles of Adiponectin (n=1791)

Characteristic Lowest tertile Second tertile Highest tertile P value

Age, y 62.2±9.2 64.5±9.5 66.8±9.5 0.591

Female sex 210 (35.2)* 300 (50.3)* 421 (70.5)* <0.001*

Race or ethnicity <0.001*

Black 171 (28.6)* 115 (19.3)* 92 (15.4)*

Chinese American 119 (19.9)* 71 (11.9)* 53 (8.9)*

Hispanic 149 (25.0)* 186 (31.2)* 122 (20.4)*

White 158 (26.5)* 225 (37.7)* 330 (55.3)*

Smoking status 0.023*

Never 265 (44.4)* 272 (45.6)* 302 (50.6)*

Former 246 (41.2)* 258 (43.2)* 242 (40.5)*

Current 86 (14.4)* 67 (11.2)* 53 (8.9)*

BMI, kg/m2 29.0±5.0 28.2±4.9 26.4±4.8 0.523

Educational level 0.696

Less than high school 105 (17.6) 111 (18.6) 105 (17.6)

High school or vocational school 287 (48.1) 262 (43.9) 277 (46.4)

College or graduate or professional 
school

205 (34.3) 224 (37.5) 215 (36.0)

Physical activity, MET-min/wk 3277.5 (1732.5–5505) 3195 (1515–5460) 3367.5 (1980–5805) 0.2867

SBP, mm Hg 124.2±20.5 123.6±19.9 123.3±22.1 0.031*

Triglycerides, mg/dL 130 (93–180)* 117 (81–164)* 89 (65–136)* <0.001*

RC, mg/dL 23.6 (19.1–30.2)* 22.3 (17.3–28.8)* 18.8 (15–24.9)* <0.001*

Total cholesterol, mg/dL 185.6±36.0 191.0±34.6 193.5±35.4 0.632

LDL-C, mg/dL 115.1±31.1 115.5±30.2 112.5±30.7 0.764

HDL-C, mg/dL 44.8±11.2* 51.3±13.2* 60.0±16.8* <0.001*

Diabetes 112 (18.8)* 72 (12.1)* 54 (9.1)* <0.001*

Antihypertensive medications 251 (43.3) 244 (42) 246 (42.3) 0.901

Lipid-lowering medications 147 (25.3) 152 (26.2) 133 (22.9) 0.406

Visceral adipose tissue, cm2 183 (124.6–247.0)* 160.2 (103.7–232.4)* 103.8 (59.8–71.5)* <0.001*

Subcutaneous adipose tissue, cm2 151.6 (103.2–215.3)* 155.8 (112.4–210.9)* 134.4 (94.1–186.2)* <0.001*

Values are shown using mean±SD for normal and median (25th–75th percentile) for nonnormal continuous variables, and number (percentage) for categorical 
variables. Comparison was made using χ2 test (categorical), t test (normal), or Kruskal-Wallis test (nonnormal). BMI indicates body mass index; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RC, remnant cholesterol; and SBP, systolic blood pressure.

*Statistically significant (P<0.05).



J Am Heart Assoc. 2024;13:e030548. DOI: 10.1161/JAHA.123.030548� 5

Quispe et al� Adipokines and Remnant Cholesterol

medications (P<0.05). In the highest resistin tertile, the 
average triglyceride level was higher and HDL-C was 
lower, but we did not find any significant differences 
between lipid parameters, including LDL-C and RC, 
across tertiles (Table 3).

Cross-Sectional Association Between 
Adipokines and RC
The associations between adipokines and RC are 
shown graphically in the figures. Figure 1 shows an in-
verse association between adiponectin and RC levels, 
whereas Figure 2 shows a direct association between 
leptin and RC. Levels of resistin appear to be equally 
dispersed across levels of RC in Figure 3.
In our cross-sectional linear regression models, we ob-
served that after adjustment for demographic variables 

(model 1), each 1-unit increment in adiponectin was 
associated with a 17.2% (95% CI, 14.6–19.6) lower level 
of RC, whereas similar 1-unit increments in leptin and 
resistin were associated with 7.7% (95% CI, 5.9–9.6) 
and 6.0% (95% CI, 1.6–10.5) higher RC levels (Table 4). 
In fully adjusted models that included BMI, diabetes 
status, LDL-C, and lipid-lowering therapy (model 6), 
we observed that for each 1-unit increment in adi-
ponectin, RC levels were 14.6% (95% CI, 12.2–16.9) 
lower. Conversely, 1-unit increment changes in leptin 
and resistin were associated with higher RC levels by 
4.8% (95% CI, 2.7–7.0) and 4.0% (95% CI, 0.2–8.1), 
respectively. Similar results were observed in models 
that included subcutaneous (model 7) and visceral fat 
area (model 8) instead of BMI (Table 4). We did not find 
effect modification by sex, diabetes, or obesity (P for 
interaction >0.05).

Table 2.  Baseline Characteristics by Tertiles of Leptin (n=1791)

Characteristic First tertile Second tertile Third tertile P value

Age, y 64.3±9.9 64.3±9.9 65.0±9.2 0.177

Female sex 125 (20.9)* 295 (49.4)* 511 (85.6)* <0.001*

Race or ethnicity <0.001*

Black 76 (12.7)* 110 (18.4)* 192 (32.2)*

Chinese American 126 (21.1)* 82 (13.7)* 35 (5.9)*

Hispanic 129 (21.6)* 151 (25.3)* 177 (29.6)*

White 266 (44.6)* 254 (42.6)* 193 (32.3)*

Smoking status <0.001*

Never 231 (38.7)* 298 (49.9)* 310 (51.9)*

Former 280 (46.9)* 235 (39.4)* 231 (38.7)*

Current 86 (14.4)* 64 (10.7)* 56 (9.4)*

BMI, kg/m2 24.8±3.2* 27.2±3.6* 31.5±5.4* <0.001*

Educational level <0.001*

Less than high school 107 (17.9)* 99 (16.6)* 115 (19.3)*

High school or vocational school 239 (40.0)* 287 (48.1)* 300 (50.2)*

College or graduate or professional school 251 (42.0)* 211 (35.3)* 182 (30.5)*

Physical activity, MET-min/wk 3652.5 (1837.5–6390)* 3255 (1920–5392.5)* 2925 (1440–5100)* <0.001*

SBP, mm Hg 120.0±19.7* 123.1±20.0* 127.9±22.0* 0.013*

Triglycerides, mg/dL 100 (69–141)* 118 (83–165)* 121 (83–177)* <0.001*

RC, mg/dL 20 (15.7–25.4)* 22.4 (17.4–28.3)* 22.8 (17.8–30)* <0.001*

Total cholesterol, mg/dL 185.5±33.8 190.2±36.0 194.4±36.1 0.204

LDL-C, mg/dL 111.7±29.2 114.4±31.2 117.1±31.4 0.154

HDL-C, mg/dL 51.8±16.2* 51.7±15.7* 52.6±13.8* <0.001*

Diabetes 64 (10.7)* 80 (13.4)* 94 (15.8)* 0.037*

Antihypertensive medications 186 (31.9)* 246 (42.3)* 309 (53.7)* <0.001*

Lipid-lowering medications 115 (19.7)* 164 (28.2)* 153 (26.5)* 0.002*

Visceral adipose tissue, cm2 137.8 (76.0–205.4)* 162.9 (92.8–241.3)* 155.9 (107.9–221.1)* <0.001*

Subcutaneous adipose tissue, cm2 99.7 (76.2–131.0)* 149.6 (118.2–189.6)* 220.9 (170.0–294.2)* <0.001*

Values are shown using mean±SD for normal and median (25th–75th percentile) for nonnormal continuous variables, and number (percentage) for categorical 
variables. Comparison was made using χ2 test (categorical), t test (normal), or Kruskal-Wallis test (nonnormal). BMI indicates body mass index; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RC, remnant cholesterol; and SBP, systolic blood pressure.

*Statistically significant (P<0.05).
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Longitudinal Association Between 
Adipokines and RC
Participants were followed up for a median (interquar-
tile range) of 5 (4–8) years. In longitudinal analyses, 
we observed that for each 1-unit higher baseline adi-
ponectin level, there was a 14.1% (95% CI, 11.9–16.3) 
lower change in RC levels over time after adjusting for 
demographic variables (model 1). After further adjust-
ing for other time-varying covariates, such as BMI, dia-
betes status, LDL-C, and lipid-lowering therapy (model 
6), we observed an 11.6% (95% CI, 9.5–13.6) lower 
change in RC levels over time.

We found a 6.4% (95% CI, 4.8–8.0) greater increase 
in RC levels over time for each increase in 1-unit higher 
leptin (model 1), although this increase was only 1.8% 
higher after further adjusting for BMI, diabetes status, 
LDL-C, and lipid-lowering therapy (model 6, Table 5). 

We did not find statistically significant associations be-
tween resistin levels and longitudinal changes in RC in 
our primary model (model 6, Table 5), although resistin 
levels were directly associated with change in RC lev-
els in models where subcutaneous or visceral fat was 
adjusted for instead of BMI (models 7 and 8).

DISCUSSION
In this multiethnic cohort of individuals, we observed 
a significant inverse cross-sectional association be-
tween higher levels of adiponectin and lower levels of 
RC, whereas we found a significant but less potent 
positive association of higher leptin and resistin with 
greater levels of RC. In longitudinal analyses, we found 
that only higher baseline levels of adiponectin contin-
ued to have a strong independent inverse association 

Table 3.  Baseline Characteristics by Tertiles of Resistin (n=1791)

Characteristic First tertile Second tertile Third tertile P value

Age, y 62.8±9.0 64.0±9.5 66.8±9.7 0.139

Female sex 307 (51.4) 292 (48.9) 332 (55.6) 0.065

Race or ethnicity <0.001*

Black 122 (20.4)* 103 (17.3)* 153 (25.6)*

Chinese American 105 (17.6)* 64 (10.7)* 74 (12.4)*

Hispanic 161 (27.0)* 152 (25.5)* 144 (24.1)*

White 209 (35.0)* 278 (46.6)* 226 (37.9)*

Smoking status 0.068

Never 298 (49.9) 263 (44.1) 278 (46.6)

Former 242 (40.5) 249 (41.7) 255 (42.7)

Current 57 (9.6) 85 (14.2) 64 (10.7)

BMI, kg/m2 27.1±4.7* 28.1±4.8* 28.4±5.4* 0.002*

Educational level 0.156

Less than high school 115 (19.3) 101 (16.9) 105 (17.6)

High school or vocational school 257 (43.1) 272 (45.6) 297 (49.8)

College or graduate or professional school 225 (37.7) 224 (37.5) 195 (32.7)

Physical activity, MET-min/wk 3510 (1845–5992.5)* 3255 (1845–5580)* 3000 (1477.5–5250)* 0.0078*

SBP, mm Hg 122.3±20.4 122.1±20.5 126.6±21.3 0.550

Triglycerides, mg/dL 109 (76–149) 113 (76–164) 117 (80–171) 0.0371

RC, mg/dL 21.4 (16.6–26.3) 21.9 (16.7–28) 22 (17.3–28.9) 0.1222

Total cholesterol, mg/dL 194.3±35.8 188.4±33.8 187.4±36.6 0.144

LDL-C, mg/dL 117.2±31.1 112.7±30.1 113.2±30.7 0.762

HDL-C, mg/dL 54.1±16.3* 52.0±14.9* 50.1±14.2* 0.003*

Diabetes 63 (10.6)* 75 (12.6)* 100 (16.8)* 0.006*

Antihypertensive medications 210 (36.3)* 238 (40.8)* 293 (50.6)* <0.001*

Lipid-lowering medications 141 (24.4) 156 (26.7) 135 (23.3) 0.388

Visceral adipose tissue, cm2 142.9 (84.1–212.5)* 157.6 (93.7–236.5)* 150.7 (98.5–223.9)* 0.0059*

Subcutaneous adipose tissue, cm2 138.5 (99.9–195.5)* 148.7 (102.1–206.4)* 153.4 (107.9–205.8)* 0.0131*

Values are shown using mean±SD for normal and median (25th–75th percentile) for nonnormal continuous variables, and number (percentage) for categorical 
variables. Comparison was made using χ2 test (categorical), t test (normal), or Kruskal-Wallis test (nonnormal). BMI indicates body mass index; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RC, remnant cholesterol; and SBP, systolic blood pressure.

*Statistically significant (P<0.05).
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with RC levels over time, whereas leptin had a more 
modest association and resistin was not associated 
with longitudinal change in RC levels in our primary 
model that accounted for BMI, diabetes, and LDL-C.

The relationship between triglyceride and ASCVD 
has been complex and historically difficult to define. It 
has been shown that individuals with hypertriglyceri-
demia have increased rates of secretion of triglyceride-
overloaded very low-density lipoproteins, which then 
metabolize to small dense low-density lipoprotein par-
ticles, which are shown to be highly atherogenic.31 On 
the other hand, many epidemiologic studies showed 
a strong role for low HDL-C as a predictor of cardio-
vascular risk, suggesting it may even be a better pre-
dictor than high triglyceride. The association between 
triglyceride and ASCVD was shown to be attenuated 
after adjusting for HDL-C. However, triglyceride and 
HDL-C have a strong inverse association with each 
other,14 and it was unclear which of the 2 was really 
the culprit for development of ASCVD. Over the past 
decade, multiple trials of HDL-C raising therapies failed 
to show a benefit with regard to risk32–34; furthermore, 
genetic studies35,36 have helped to confirm that HDL-C 
is not a causal risk factor for ASCVD, but it may rather 
be a marker of high triglyceride levels.

TGRLs contain both triglycerides and cholesterol. 
However, the simplest measurements of TGRL are 
serum triglyceride and RC, both of which can eas-
ily be obtained from the standard lipid panel.37 To 
cause atherosclerosis, TGRLs need to enter into the 

arterial intimal space. It has been suggested that 
serum/plasma levels of triglyceride should be consid-
ered as a marker of high levels of cholesterol within 
TGRLs (ie, RC).37 RC represents the concentration of 
all plasma cholesterol not found in low-density lipopro-
tein and high-density lipoprotein, or in other words, in 
all TGRLs. RC has been shown to be associated with 
events by several observational studies. For instance, 
we showed that RC was associated with progression 
of atheroma in a secondary prevention population,15 
as well as incident events independent of LDL-C and 
apolipoprotein B levels in a pooled cohort of individu-
als free of ASCVD.38 Furthermore, Mendelian random-
ization studies supported the causal role of RC in the 
development of atherosclerosis.14

To the best of our knowledge, this is the first study 
evaluating the association between adipokines and 
RC. In our study, we observed that of the 3 adipokines 
that we evaluated, only adiponectin continued to be 
significantly inversely associated with RC in both 
cross-sectional and longitudinal analyses. Adiponectin 
is an adipocyte-specific hormone that has been clas-
sically shown to be reduced in individuals with obe-
sity, possibly attributable to several mechanisms, 
including hypoxia, inflammation, and downregulation 
of β-adrenergic signaling.39–41 Adiponectin has sev-
eral systemic insulin-sensitizing and anti-inflammatory 
properties,42–44 given that its signaling leads to met-
abolic health-promoting alterations, such as de-
creased hepatic gluconeogenesis, increased fatty acid 

Figure 1.  Adiponectin vs RC levels (log transformed).
Regression line with 95% CI is displayed. RC indicates remnant cholesterol.
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oxidation in liver and skeletal muscle, protective effect 
on pancreatic β-cells, and increased glucose uptake 
in muscle.42 Adiponectin has also been shown to have 
anti-inflammatory properties via its effects on tumor 
necrosis factor-α and CRP (C-reactive protein),45 with 

effects on formation of the atherosclerotic plaque.46,47 
Thus, taken together, adiponectin is generally thought 
to be a cardioprotective adipokine. Previous stud-
ies have shown that adiponectin levels are negatively 
correlated with markers of TGRL metabolism, such 

Figure 2.  Leptin vs RC levels (log transformed).
Regression line with 95% CI is displayed. RC indicates remnant cholesterol.

Figure 3.  Resistin vs RC levels (log transformed).
Regression line with 95% CI is displayed. RC indicates remnant cholesterol.
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as apolipoprotein C-III, very low-density lipoproteins–
triglycerides, and apolipoprotein B-48 levels.48–50 
Resistance to adiponectin has been described in the 
setting of insulin resistance in the presence of excess 
of adipose tissue.51 However, similar to previous stud-
ies,48–50 our findings showed a negative association 
with RC that is independent of presence of diabetes. 
We did not include markers of insulin resistance in the 
model, and it may be possible that adiponectin resis-
tance may play a role at earlier metabolic stages. We 
did find an inverse association between adiponectin 
and levels of RC; these findings could be explained by 
3 mechanisms based on previous studies from the lit-
erature. First, adiponectin may decrease accumulation 
of triglyceride in skeletal muscle by enhancing fatty acid 
oxidation52; second, adiponectin can stimulate lipopro-
tein lipase in adipocytes53; and third, adiponectin may 
decrease the supply of nonesterified fatty acid to the 
liver for gluconeogenesis, which leads to decreased 
triglyceride synthesis.54

Leptin is an adipokine that is almost exclusively 
expressed in adipocytes; it has been proposed that 
the most important physiological role of leptin is via 
appetite suppression and promoting energy expendi-
ture through receptors in the central nervous system. 
Circulating leptin levels have been shown to correlate 
positively with adipose tissue mass,55 as we observed 

in our study. Mice studies reported that leptin can stim-
ulate vascular inflammation and oxidative stress that 
ultimately would lead to atherosclerosis.56 Other in vivo 
studies showed that leptin has potent proatherogenic 
effects on vascular cells (ie, macrophages, endothelial 
cells, and smooth muscle cells) via an interaction with 
the long form of leptin receptor that is expressed in ath-
erosclerotic plaques.57 On the other hand, it has been 
also suggested that leptin signaling occurs in pancre-
atic β-cells, with some in  vitro studies showing that 
leptin signaling inhibits insulin secretion and increases 
survival of β-cells.58,59 However, these findings have 
not been confirmed with in vivo studies: mouse models 
with Leptin Receptor (LepR) knockdown restricted to 
β-cells found no evidence of hyperinsulinemia or dis-
turbed glucose hemostasis.60 In a prior MESA analysis, 
leptin levels were not found to be independently asso-
ciated with ASCVD after accounting for BMI.61 In our 
study, we found an increasing prevalence of diabetes 
at higher leptin levels, which could be attributable to 
greater adiposity, as reflected by higher BMI. Higher 
levels of triglyceride and RC in the highest tertile of 
leptin could be attributable to the greater prevalence 
of diabetes rather than a direct effect of leptin; this may 
also explain why the association between leptin and 
longitudinal change in RC was rather weak and proba-
bly not clinically relevant. To the best of our knowledge, 

Table 4.  Linear Regression Models for Associations Between Baseline Adipokines and Levels of RC (n=1791)

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Adiponectin −17.2 (−19.6 
to −14.6)*

−17.1 (−19.5 
to −14.6)*

−15.4 (−17.9 
to −12.8)*

−15.0 (−17.3 
to −12.6)*

−14.6 (−16.8 
to −12.0)*

−14.6 (−16.9 
to −12.2)*

−13.6 (−16.0 
to −11.1)*

−10.2 (−12.5 
to −7.8)*

Leptin 7.7 (5.9 to 
9.6)*

7.9 (6.0 to 
9.7)*

5.1 (2.8 to 
7.5)*

4.8 (2.7 to 
7.0)*

4.5 (2.3 to 
6.6)*

4.8 (2.7 to 
7.0)*

2.6 (0.5 to 
4.6)*

2.3 (1.0 to 
3.6)*

Resistin 6.0 (1.6 to 
10.5)*

5.6 (1.2 to 
10.1)*

3.6 (−0.6 to 
8.0)

4.4 (0.5 to 
8.4)*

5.1 (1.2 to 
9.2)*

4.0 (0.2 to 
8.1)*

3.6 (−0.7 to 
8.1)

3.4 (−0.3 to 
7.2)

RC and adipokine levels were log transformed. Results shown are shown as percentage differences [(εβ−1)×100]. Data in parentheses are 95% CIs. Model 1: 
adjusted for age, sex, race and ethnicity, and study site. Model 2: adjusted for model 1+education, smoking status, and physical activity. Model 3: adjusted for 
model 2+BMI. Model 4: adjusted for model 3+low-density lipoprotein cholesterol. Model 5: adjusted for model 4+use of lipid-lowering therapy. Model 6: adjusted 
for model 5+diabetes. Model 7: adjusted for model 6+subcutaneous fat area, in cm2 (instead of BMI). Model 8: adjusted for model 6+visceral fat area, in cm2 
(instead of BMI). BMI indicates body mass index; and RC, remnant cholesterol.

*Statistically significant (P<0.05).

Table 5.  Mixed-Model (Longitudinal) Analyses for Associations Between Baseline Adipokines and Change in Levels of RC

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Adiponectin −14.1 (−16.3 
to −11.9)*

−14.2 (−16.4 
to −12.0)*

−12.0 (−14.2 
to −9.7)*

−12.1 (−14.1 
to −10.1)*

−11.9 (−13.9 
to −9.8)*

−11.6 (−13.6 
to −9.5)*

−12.7 (−14.9 
to −10.4)*

−9.9 (−11.9 
to −7.9)*

Leptin 6.4 (4.8 to 
8.0)*

6.5 (4.9 to 
8.1)*

1.5 (−0.2 to 
3.3)

2.0 (0.4 to 
3.6)*

1.9 (0.3 to 
3.5)*

1.8 (0.2 to 
3.4)*

6.6 (4.5 to 
8.6)*

0.2 (−1.3 to 
1.7)

Resistin 4.5 (0.7 to 
8.3)*

4.1 (0.4 to 
7.9)*

1.8 (−1.8 to 
5.5)

3.0 (−0.2 to 
6.4)

3.2 (−0.1 to 
6.5)

2.8 (−0.4 to 
6.2)

4.0 (0.3 to 
7.8)*

3.6 (0.5 to 
6.8)*

RC and adipokine levels were log transformed. Results shown are shown as percentage differences [(εβ−1)×100]. Data in parentheses are 95% CIs. Model 
1: adjusted for age, sex, race and ethnicity, and study site. Model 2: adjusted for model 1+education, smoking status, and physical activity. Model 3: adjusted 
for model 2+BMI. Model 4: adjusted for model 3+LDL-C. Model 5: adjusted for model 4+use of lipid-lowering therapy. Model 6: adjusted for model 5+diabetes. 
Model 7: adjusted for model 6+subcutaneous fat area, in cm2 (instead of BMI). Model 8: adjusted for model 6+visceral fat area, in cm2 (instead of BMI). Time-
varying variables were age, smoking status, BMI, LDL-C, and use of lipid-lowering therapy. BMI indicates body mass index; LDL-C, low-density lipoprotein 
cholesterol; and RC, remnant cholesterol.

*Statistically significant (P<0.05).
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there are no previous studies that have assessed the 
longitudinal association between leptin and RC.

Resistin, an adipokine released by tissue-resident 
macrophages rather than adipocytes, accelerates 
insulin resistance and the development of inflamma-
tory metabolic diseases. It has been suggested that 
resistin targets toll-like receptor 4 or adenylyl cyclase-
associated protein 1, triggering multiple intracellular 
signal transduction pathways in vascular cell types, 
inducing proatherosclerotic effects as well as plaque 
vulnerability.62,63 We did not identify significant longitu-
dinal associations between resistin levels and triglycer-
ide or RC in models accounting for BMI, for which we 
hypothesize that the metabolic effect of resistin may 
not be related to TGRL.

Strengths and Limitations
Our study has several strengths. First, we used the 
definition of non–HDL-C minus Martin/Hopkins esti-
mated LDL-C given its availability from the standard 
lipid panel at no extra cost and superiority when com-
pared with RC extrapolated from Friedewald estimated 
LDL-C.30 This estimation method has been used by 
most studies in the literature and includes both ath-
erogenic remnant particles and large nonatherogenic 
particles, such as large very low-density lipoprotein. 
Second, we were able to adjust for other markers of 
adiposity, particularly visceral adipose tissue, which 
has been proposed to be a more accurate marker of 
abdominal obesity compared with waist circumference 
and BMI; furthermore, it has been proposed that vis-
ceral adiposity is the primary source of adipokines.64 
Third, 3 of the most important and clinically relevant 
adipokines were included in this study, and they were 
measured by standardized and reproducible meth-
ods. Fourth, we were able to obtain data from sub-
sequent visits after baseline in a time-varying manner, 
such as BMI, LDL-C, age, smoking status, and use of 
lipid-lowering therapies. Fifth, we were able to perform 
mixed-effect models to model RC change over time, 
which has more statistical power than cross-sectional 
analysis.

Our study has some limitations. First, given the ob-
servational nature of the study design, we cannot rule 
out the presence of residual confounding by unmea-
sured covariates. Second, adipokines were only mea-
sured once (either visit 2 or visit 3), for which we were 
not able to evaluate the association between change 
in adipokines over time and RC over time. It should 
be considered that remnant lipoprotein particles can 
also induce proinflammatory cytokines released from 
adipocytes and decreased adiponectin secretion by 
activating nuclear factor-κB and c-Jun N-terminal ki-
nase (JNK) pathways65 or induce adipogenesis in an 

apolipoprotein E–dependent manner,66 leading to an 
increase in the amount of adipose tissue. Therefore, 
it may not be possible to fully distinguish the direction 
of the association between adipokines and RC. Third, 
the sample size of our study was relatively small, for 
which stratified analyses were not sufficiently powered 
to detect significant differences. Fourth, interventions 
that could have a direct effect on the outcome (ie, life-
style modifications) may have been started between 
baseline and follow-up visits and are not taken into ac-
count in the present analysis because the data were 
not available. The negative values for RC associated 
with adiponectin do not necessarily mean the actual 
RC levels were decreasing over time but that there 
was a lesser change in RC compared with the refer-
ence group. Fifth, longitudinal studies always carry the 
risk for attrition bias; however, we used a mixed-effect 
model, which used individual data from at least 1 and 
up to 3 follow-up visits, which help to reduce this bias. 
The study population represents a subset of the overall 
MESA cohort; however, individuals who were included 
in this ancillary study were selected randomly, which 
reduces the risk of selection bias.

CONCLUSIONS
Lower adiponectin and higher leptin levels were associ-
ated with worse metabolic profile, and associated with 
higher levels of RC independent of traditional risk fac-
tors, including obesity markers. Additionally, adiponec-
tin levels were significantly independently inversely 
associated with changes in RC over time, whereas 
leptin levels were modestly positively associated with 
longitudinal increase in RC. These findings might help 
explain the link between obesity and ASCVD patho-
genesis. Whether incrementing adiponectin via lifestyle 
modification or pharmacologic therapies (ie, GLP-1 re-
ceptor agonists67,68) could be a mechanism to reduce 
RC levels and ultimately cardiovascular risk warrants 
further study.
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