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It is now well established that elevated circulating cholesterol 
and triglycerides are important and independent risk factors 

for atherosclerotic cardiovascular disease.1,2 The regulation of 
plasma lipid levels is dependent on a variety of intrinsic and 
extrinsic factors.3–6 Bearing in mind the well-known role of 
fatty acids in dyslipidemia,7–11 one relevant endogenous factor 
could be fat cell lipolysis, a process that results in the release 
of free fatty acids (FFAs) to the circulation.8 FFAs are used 
for hepatic production of very-low-density lipoprotein tri-
glycerides, which in turn may reduce high-density lipoprotein 
(HDL) cholesterol (HDL-C) levels by increasing the transfer 
of triglycerides to HDL.7,12,13 These triglyceride-rich HDL par-
ticles are subsequently hydrolyzed by hepatic lipase14 leading 
to formation of remnant HDL.15 Consequently, a high lipoly-
sis rate might result in hypertriglyceridemia and low HDL-C 
levels.7,8,12 The release and storage of adipose FFAs is deter-
mined by the turnover of fat cell triglycerides. We recently 
developed a method to determine adipocyte lipid turnover in 
free living humans16 and could demonstrate that common and 

genetic forms of dyslipidemia were linked to altered triglycer-
ide turnover, which in turn was proportional to subcutaneous 
adipocyte lipolysis activity.16,17 Given that subcutaneous adi-
pose tissue constitutes the by far largest fat depot, these stud-
ies suggest that fat cell lipolysis may, at least in part, affect 
circulating lipid levels.

Lipolysis in human fat cells has a unique regulation com-
pared with rodents.18–20 Thus, human adipocytes display a 
substantial spontaneous (basal) lipolytic activity and catechol-
amines and natriuretic peptides are the only hormones with a 
pronounced prolipolytic activity. The effects of natriuretic pep-
tides in adipocytes of humans and primates contrast with rodent 
cells where these agents display no effect. In both humans and 
rodents, insulin is the major antilipolytic hormone.

Despite the well-known impact of lipolysis on circulating 
lipids in man, surprisingly few studies have directly examined 
fat cell lipolysis. Thus, most are small cohort studies on sub-
cutaneous fat cells in hereditary forms of dyslipidemia, that 
is, endogenous hypertriglyceridemia or familial combined 
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hyperlipidemia.21–26 These investigations have reported nor-
mal basal but blunted pro- and antilipolytic effects of cate-
cholamines and insulin, respectively. One study investigated 
visceral fat cell lipolysis in 45 subjects who were not selected 
according to circulating lipid levels.27 An inverse relationship 
was observed between catecholamine-stimulated lipolysis and 
HDL-C but not with triglyceride levels.

Although the few published studies discussed above sug-
gest that adipocyte lipolysis might influence circulating lipid 
levels, several unanswered questions remain. How much does 
subcutaneous fat cell lipolysis contribute? What are the rela-
tive roles of basal lipolysis and lipolysis induced by different 
hormone systems? What is the influence of important intrinsic 
and extrinsic factors such as age, sex, body mass index, body 
fat distribution, nicotine use, or concomitant medication? To 
answer these questions, we conducted a large study (>1000 
subjects) on abdominal subcutaneous fat cells examining the 
possible relationships between basal and hormone-regulated 
lipolysis on the one hand and fasting plasma levels of total 
cholesterol, HDL-C, and triglycerides, on the other hand.

Materials and Methods
Materials and Methods are available in the online-only Data 
Supplement.

Results
We first investigated the correlations between each of the fat cell 
lipolysis and plasma lipid measures by single linear regression 
(Table 1). The relationship between several circulating lipid and 
lipolysis measures were statistically significant. In many cases, 
however, the level of correlation as determined by adjusted r2 
values was low (<0.05) and was not considered to be physi-
ologically relevant. On the contrary, the correlations between 
antilipolytic insulin sensitivity or basal lipolysis and plasma tri-
glyceride or HDL-C were stronger (adjusted r2=0.05–0.11) and, 
therefore, selected for further investigations. Basal lipolysis was 
negatively correlated with HDL-C and positively with triglyc-
erides (Figure  1A), whereas the opposite relationships were 
observed for antilipolytic insulin sensitivity (expressed as pD2, 

ie, the negative 10 log molar value of the half maximum effective 
hormone concentration; Figure 1B). When dividing the subjects 
into tertiles according to HDL-C and triglyceride levels, basal 
lipolysis and antilipolytic insulin sensitivity were significantly 
different between the 2 extreme groups (ie, high HDL-C/low 
triglyceride versus low HDL-C/high triglyceride; Figure 1C and 
1D). The cohort included obese (n=599) and nonobese (n=467) 
subjects. The relationships between HDL-C and triglyceride 
for basal lipolysis were stronger in nonobese subjects (HDL-
C: nonobese r=−0.27, P<0.0001; obese r=−0.10, P=0.012 
and triglycerides: nonobese r=0.27, P<0.0001; obese r=0.12, 
P=0.0035). For antilipolytic insulin sensitivity, the correspond-
ing numbers were for HDL-C: nonobese r=0.17, P=0.044; 
obese r=0.14, P=0.017 and triglyceride: nonobese r=−0.31, 
P=0.0003; obese r=−0.21, P=0.0002. Altogether, these results 
suggest that basal lipolysis is better associated with HDL-C/
triglycerides in nonobese compared with obese subjects. In con-
trast, antilipolytic insulin sensitivity is strongly associated with 
triglycerides in both nonobese and obese subjects. Twenty-nine 
individuals were on treatment against antihyperlipidemia, and 
61 subjects against type 2 diabetes mellitus. These groups were 
too small to allow a reliable subgroup analysis. Nevertheless, 
removing these individuals from the analyses provided similar 
r and P values as in Table 1 (data not shown). Moreover, there 
was no sex interaction in the relationships between basal lipoly-
sis or antilipolytic insulin sensitivity and HDL-C or triglycer-
ides (F=0.1–2.4; P=0.12–0.76).

We next investigated whether the relationships between 
antilipolytic insulin sensitivity/basal lipolysis and triglyceride/
HDL-C remained after correction for intrinsic/extrinsic fac-
tors known to influence circulating lipid levels (Table 2). This 
demonstrated that the lipolysis/plasma lipid relationships were 
still highly significant (P<0.0001) after correction for sex; 
age; body mass index; waist circumference; waist-to-hip ratio; 
nicotine use; treatment of type 2 diabetes mellitus, hyperten-
sion, or hyperlipidemia; and fat cell size. As expected, several 
of the cofactors correlated significantly with the plasma lipid 
levels in Table 2. On the contrary, most of these correlations 
were weak (adjusted r2<0.05). For HDL-C, the only relevant 
relationships were observed with fat cell size and waist-to-hip 
ratio (adjusted r2=0.14–0.16). For plasma triglycerides, these 
stronger associations were instead found with body mass 
index and waist-to-hip ratio (adjusted r2=0.07–0.14).

Using different regression models, we also investigated 
the influence on plasma lipids of combining the cofactors in 

Nonstandard Abbreviations and Acronyms

FFAs	 free fatty acids

HDL-C	 high-density lipoprotein cholesterol

Table 1.  Correlation Between Subcutaneous Adipose Lipolysis and Fasting Plasma Lipid Levels

Adipose Parameter 

Total Cholesterol HDL-C Triglycerides

r (Adjusted r2) P Value r (Adjusted r2) P Value r (Adjusted r2) P Value

Basal lipolysis 0.09 (0.007) 0.004 −0.25 (0.06) <0.0001 0.23 (0.05) <0.0001

Maximum noradrenaline-induced lipolysis 0.008 (0) 0.80 −0.20 (0.037) <0.0001 0.15 (0.02) <0.0001

Noradrenaline lipolytic sensitivity −0.07 (0.004) 0.054 0.02 (<0.001) 0.63 −0.07 (0.004) 0.047

Maximum atrial natriuretic peptide–induced lipolysis 0.02 (0) 0.79 −0.13 (0.01) 0.12 0.02 (0.015) 0.16

Atrial natriuretic peptide lipolytic sensitivity 0.05 (<0.001) 0.59 0.006 (<0.001) 0.95 0.07 (<0.001) 0.43

Antilipolytic insulin sensitivity 0.20 (0.036) <0.0001 0.30 (0.09) <0.0001 −0.34 (0.11) <0.0001

Linear regression was used. Triglyceride values were log10 transformed. HDL-C indicates high-density lipoprotein cholesterol.



1784    Arterioscler Thromb Vasc Biol    September 2017

Table 2 and the 2 lipolysis measures (Table 3). Adjusted r2 for 
antilipolytic insulin sensitivity and basal lipolysis put together 
was 0.14 for both triglycerides and HDL-C. In this model, each 
of the lipolysis measures contributed significantly (P<0.0001) 
to the variation in lipid levels. All cofactors combined but 
without lipolysis measures yielded adjusted r2 of 0.17 for 
triglycerides and 0.28 for HDL-C. These values increased to 
0.29 and 0.36, respectively, when basal lipolysis and antilipo-
lytic insulin sensitivity were included in the model.

We finally made some further studies of basal lipolysis 
(Figure 1). The rate in isolated fat cells was strongly and positively 

correlated with the spontaneous rate of lipolysis in pieces of adi-
pose tissue (Figure 2A). Basal rate of lipolysis and pD

2
 for antili-

polytic insulin sensitivity were negatively correlated (Figure 2B). 
The impact of basal lipolysis on fasting serum FFA levels was 
also analyzed. When subjects were divided into tertiles according 
to circulating FFA levels, the basal rate of lipolysis expressed per 
fat cell number (Figure 2C) or corrected for total body fat mass 
(Figure  2D) was significantly higher in the highest compared 
with the lowest tertile. Similar results were observed when basal 
lipolysis was expressed per tissue fat weight (24% higher in the 
highest tertile; P=0.0045; graph not shown). There was a linear 

A C

DB

Figure 1. Relationship between adipocyte measures of lipid handling and dyslipidemia. A, Basal lipolysis or (B) antilipolytic insulin sen-
sitivity (insulin pD2) was compared by linear regression with high-density lipoprotein cholesterol (HDL-C) and triglycerides (TGs), respec-
tively. r and P values are detailed in Table 1. C and D, The same adipocyte measures are presented in box plots and were compared in 
subjects with the highest tertile HDL-C/lowest tertile TG levels (n=184) with that in individuals with the lowest tertile in HDL-C/highest in 
TG (n=182). Both measures were significantly different in the 2 groups using unpaired t test. P values are indicated.

Table 2.  Relationship Between Fasting Plasma Lipid Levels and Lipolysis in Subcutaneous Fat Cells Corrected for 
Cofactors

Cofactor 

Triglycerides HDL-C

Basal Lipolysis
Antilipolytic Insulin 

Sensitivity Basal Lipolysis
Antilipolytic Insulin 

Sensitivity

Partial r P Value Partial r P Value Partial r P Value Partial r P Value

Sex 0.22 <0.0001 −0.32 <0.0001 −0.24 <0.0001 0.27 <0.0001

Age 0.23 <0.0001 −0.34 <0.0001 −0.24 <0.0001 0.29 <0.0001

BMI 0.15 <0.0001 −0.24 <0.0001 −0.15 <0.0001 0.17 <0.0001

Waist circumference 0.16 <0.0001 −0.23 <0.0001 −0.13 <0.0001 0.17 <0.0001

Waist-to-hip ratio 0.24 <0.0001 −0.24 <0.0001 −0.25 <0.0001 0.20 <0.0001

Nicotine use 0.22 <0.0001 −0.34 <0.0001 −0.24 <0.0001 0.30 <0.0001

Type 2 diabetes mellitus treatment 0.23 <0.0001 −0.33 <0.0001 −0.25 <0.0001 0.29 <0.0001

Antihypertensive treatment 0.23 <0.0001 −0.34 <0.0001 −0.25 <0.0001 0.30 <0.0001

Hyperlipidemia treatment 0.22 <0.0001 −0.34 <0.0001 −0.25 <0.0001 0.30 <0.0001

Fat cell volume 0.13 0.0001 −0.23 <0.0001 −0.11 0.0004 0.17 <0.0001

HDL-C or triglyceride 0.13 <0.0001 −0.21 <0.0001 −0.15 <0.0001 0.14 0.0011

Multiple regression was used. Triglyceride values were log
10 transformed. BMI indicates body mass index; and HDL-C, high-density lipoprotein 

cholesterol.
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relationship between total body fat cell lipolysis and circulating 
FFAs (r=0.19; P<0.0001; Figure 2E, top). Although this asso-
ciation was more evident in men (r=0.34; P<0.0001; Figure 2E, 
bottom) than in women (r=0.15; P<0.0001; Figure 2E, middle), 
there was no sex interaction (F=2.6; P=0.11). None of these rela-
tionships were observed for insulin pD

2
 (graphs not shown).

Discussion
This study sheds new light on the role of subcutaneous fat 
cell lipolysis in influencing circulating lipid levels. When 
examining several relevant measures of lipolysis (basal activ-
ity or effect of different hormones), only the basal rate and 

the antilipolytic effect of insulin displayed clinically relevant 
relationships. Furthermore, the influence of adipocyte lipoly-
sis was only important for plasma HDL-C and triglycerides. 
These results indicate that resistance to the antilipolytic effect 
of insulin and a high rate of basal lipolysis are associated with 
low HDL-C and high triglycerides levels. This dyslipidemic 
pattern confers increased risk for atherosclerotic cardiovascu-
lar disease. Importantly, the observed relationships were inde-
pendent of classical risk factors influencing plasma lipids such 
as sex; age; body mass index; body shape; use of nicotine; 
treatment of hypertension, diabetes mellitus, or hyperlipid-
emia; and fat cell size.

Is increased lipolytic activity in fat cells clinically impor-
tant for dyslipidemia? Our results would suggest so. When put 
together, the 2 lipolytic measures contributed independently 
and explained 14% of the variations in plasma triglycerides or 
HDL-C. The influence of lipolysis can be compared with that 
of the combined risk factors listed in Table 2. Together, they 
explained only 17% of the variation in triglycerides and 28% 
of that in HDL-C. When combined with the lipolysis mea-
sures, the influence rose to 29% and 36%, respectively. Thus, 
the impact of subcutaneous adipocyte lipolysis on plasma 
lipid levels can be regarded as physiologically relevant.

Fat cell lipolysis is subjected to regional variations as 
reviewed.28,29 The lipolytic activity is higher in visceral than the 
presently examined subcutaneous depot. However, subcutane-
ous adipose tissue is by far the body’s largest fat depot, and 
an important mass effect of its lipolytic action is, therefore, 
likely. This notion is supported by studies of Jensen30 and his 

Table 3.  Influence of Cofactors and Lipolysis Parameters Put 
Together on Plasma Lipid Levels

Models 

HDL-C Triglycerides

Adjusted r2 P Value Adjusted r2 P Value

Antilipolytic insulin 
sensitivity and basal 
lipolysis put together

0.14 <0.0001 0.14 <0.0001

All cofactors in Table 2 put 
together

0.28 <0.0001 0.17 <0.0001

All cofactors plus 
antilipolytic insulin 
sensitivity and basal 
lipolysis put together

0.36 <0.0001 0.29 <0.0001

Multiple regression analysis was performed. Plasma triglyceride values were 
log10 transformed. HDL-C indicates high-density lipoprotein cholesterol.

A

C D

B E

Figure 2. Findings with basal lipolysis. Relationship between lipolysis (determined by glycerol release in isolated fat cells and corrected 
for fat cell number) and (A) pieces of adipose tissue, (B) insulin pD2, and (C) circulating free fatty acid (FFA) levels subdivided into tertiles. 
D, There was a similar relationship between basal lipolysis corrected for total body fat mass and circulating FFA levels subdivided into ter-
tiles. E, Basal lipolysis corrected for total fat mass correlated with circulating FFA levels in the entire cohort (top), in women (middle) and 
men (bottom). Linear regression analysis was used in (A), (B), and (E). r and P values are indicated. Data in (C) and (D) were compared by 
ANCOVA, overall P value is given.
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colleagues, demonstrating that subcutaneous white adipose tis-
sue is a much more important contributor to hepatic fatty acids 
than visceral fat. Our present findings on serum FFAs are in 
line with these results showing that high levels were strongly 
correlated with a high rate of basal lipolysis in subcutaneous 
fat cells irrespectively of how basal lipolysis was expressed. It 
would nevertheless have been interesting to compare the results 
obtained herein with lipolysis measures in visceral fat cells from 
the same individuals. Unfortunately, such a study would be dif-
ficult to perform. Visceral fat can only be obtained in connection 
with general surgery, and it would be impossible to standardize 
patient selection and surgical or anesthetic procedures for a long 
period of time. In our investigation, we used the same methods 
that were performed by the same staff throughout the study.

Lipolysis was measured in isolated fat cells, and it might be 
argued that at least basal lipolysis in this cell preparation does 
not measure a clinically relevant form of lipolysis. This is, how-
ever, unlikely because we observed a strong correlation between 
the rate of basal lipolysis in isolated fat cells and adipose tis-
sue pieces ex vivo. Furthermore, lipolysis was determined in 
vitro, which may differ from that observed in vivo. Methods 
to assess the latter involve cumbersome microdialysis or tracer 
catheterization methods that are not suitable for the present 
type of large-scale study. Importantly though, smaller studies 
have observed similar results when comparing subcutaneous 
adipose tissue lipolysis in vivo and in vitro.31,32 Finally, we used 
a pharmacological evaluation of concentration–response curves 
instead of measuring lipolysis at a particular hormone concen-
tration representative of the circulating level. There are several 
reasons for this approach. First, hormone levels in blood vary 
considerably between the resting state and on different chal-
lenges. Second, the important concentrations for this study are 
those at the cellular levels. For noradrenaline, they are unknown 
but probably much higher than in blood because the hormone 
is released through nerve endings in adipose tissue. For insu-
lin, the concentration levels are much lower in adipose tissue 
than in the circulation both in the fasting and fed states.33,34 In 
any case, the pD2 values for the different hormones (Table 4) 
suggest that the half-maximum effective concentrations in our 
experiments were within the physiological range.

The inherent epidemiological design of this study does not 
allow firm conclusions on how lipolysis contributes to dyslip-
idemia at the molecular level. Nevertheless, some mechanistic 
explanations can be hypothesized. It is obvious that variations 
in specific lipolysis-regulating factors are differentially linked 
to HDL-C/triglycerides. These involve changes independent 
of regulating hormone receptors (basal lipolysis) or events 
at or near the insulin receptor (insulin pD

2
). In contrast, hor-

mone-stimulated lipolysis (mediated either by noradrenaline 
or atrial natriuretic peptide) seems to be of less importance. 
This suggests that increased lipolysis in the resting (basal) and 
postprandial (insulin-mediated inhibition) states are more rel-
evant in explaining variations in circulating lipid levels than 
lipolysis induced by physical activity or mental stress (ie, 
catecholamines). As discussed above, increased lipolysis and 
FFAs can affect dyslipidemia through direct effects on hepatic 
very-low-density lipoprotein assembly and secretion.8–11 
However, indirect effects may also play a role, for instance, 

FFA-mediated insulin resistance35 and altered cholesteryl 
ester transfer protein activity.36

In summary, this study suggests that lipolysis in subcu-
taneous fat cells is an important and independent contributor 
to variations in plasma triglycerides and HDL-C levels. This 
relationship pertains specifically to spontaneous (basal) and 
insulin-inhibited lipolysis.
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Table 4.  Cohort Characteristics

Parameter
Mean±SD 
or Number Range

Sex (males/females) 301/765 …

Age, y (n=1066) 42±12 16–79

BMI, kg/m2 (n=1066) 33±8.5 18–63

Obesity, yes/no 599/467 …

Body fat, % (n=1066) 40±14 8–86

Waist circumference, cm (n=1032) 106±20 65–154

Waist-to-hip ratio (n=1031) 0.94±0.09 0.70–1.21

P-total cholesterol, mmol/L (n=1065) 5.1±1.2 2.5–12.8

P-HDL-C, mmol/L (n=1034) 1.3±0.4 0.5–2.9

P-triglycerides, mmol/L (n=1062) 1.5±1.4 0.0–21.7

S-fatty acids, mmol/L (n=780) 0.66±0.24 0.07–2.0

fP-glucose, mmol/L (n=1043) 5.5±1.3 3.4–20.9

HbA1c, mmol/mol (n=298) 39±9 20–97

Nicotine use, yes/no (n=1040) 269/771 …

Fat cell volume, pL (n=1049) 687±252 72–1452

Basal lipolysis* (n=1052) 6.4±5.8 0.0–38.6

Maximum noradrenaline-induced lipolysis* 
(n=1032)

16.1±10.9 1.3–75.9

Noradrenaline sensitivity, pD2 (n=722) 7.9±1.3 1.1–12.0

Maximum atrial natriuretic peptide–induced 
lipolysis* (n=132)

12.9±7.3 0.4–41.0

Atrial natriuretic peptide sensitivity, pD2* (n=130) 9.1±1.6 3.5–14.7

Antilipolytic insulin sensitivity, pD2* (n=447) 14.2±1.6 6.5–17.0

Adipose tissue spontaneous lipolysis* (n=634) 5.3±3.1 0.4–18.6

Medication against T2D/hyperlipidemia/
hypertension

61/29/45 …

BMI indicates body mass index; HDL-C, high-density lipoprotein cholesterol; 
P, fasting plasma; S, fasting serum; and T2D, type 2 diabetes mellitus.

*Values are for isolated fat cells or adipose tissue and expressed as µmol of 
glycerol/2 h/107 fat cells or negative log10 molar concentration for half-maximum 
hormone effect (pD2).
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Highlights
•	 The impact of subcutaneous fat cell lipolysis on circulating lipid levels is not known.
•	 In a cohort of >1000 individuals, we demonstrate that basal and insulin-inhibited lipolysis correlates with circulating triglyceride and high-

density lipoprotein cholesterol levels.
•	 The 2 lipolytic measures explained almost 15% of the interindividual variations in triglyceride and high-density lipoprotein cholesterol.




