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Abstract
Importance  A more precise identification of patients at “high cardiovascular risk” is preeminent in cardiovascular risk 
stratification.
Objective  To investigate the relationships between markers of cholesterol homeostasis, cardiovascular events and all-cause 
mortality.
Design, setting and participants  We quantified markers of cholesterol homeostasis by gas chromatography–mass spectrom-
etry in 377 subjects with suspected coronary artery disease, who were not on lipid-lowering drugs at baseline. All patients 
were followed for occurrence of cardiovascular events and mortality over a period of 4.9 +/− 1.7 years. The standardized 
mortality ratio (SMR) was calculated as the ratio of the observed and the expected deaths based on the death rates of the 
Regional Databases Germany, and Poisson regression (rate ratio, RR) was used to compare subgroups. The SMR and RR 
were standardized for sex, age category and calendar period. In addition, Cox regression (Hazard ratio, HR) was used to 
determine the effect of co-variables on (cardiovascular) mortality within the cohort.
Main outcomes  Cardiovascular events, cardiovascular mortality and all-cause mortality.
Results  A total of 42 deaths were observed in 1818 person-years corresponding with an SMR of 0.99 (95% CI 0.71–1.33; 
p = 0.556). A fatal cardiovascular event occurred in 26 patients. Lower levels of lathosterol were associated with increased 
cardiovascular mortality (HR 1.59; 95% CI: 1.16–2.17; p = 0.004) and excess all-cause mortality (HR 1.41; 95% CI: 1.09–
1.85; p = 0.011). Lower lathosterol tertile compared to the adjacent higher tertile was associated with 1.6 times higher all-
cause mortality risk (RR 1.60; 95% CI 1.07–2.40; p for trend = 0.022). This corresponded with a 2.3 times higher mortality 
risk of a lathosterol–LDL ratio equal to or below the median (RR 2.29; 95% CI 1.19–4.43; p = 0.013). None of the other 
cholesterol homeostasis markers were associated with cardiovascular and all-cause mortality.
Conclusions  In patients not on lipid-lowering agents, low serum lathosterol correlated with increased risk of cardiovascular 
events and excess all-cause mortality.

Keywords  Cholesterol · Synthesis · Absorption · Mortality · Cardiovascular events

Introduction

An elevated plasma concentration of low-density lipopro-
tein cholesterol (LDL-C) is a primary causal factor in the 
development of atherosclerotic cardiovascular vascular 

disease [1]. Large-scale primary and secondary prevention 
trials with statins have demonstrated a marked reduction in 
cardiovascular events and mortality [2]. Serum cholesterol 
levels are regulated by both cholesterol synthesis and cho-
lesterol absorption [3]. Lathosterol, a precursor in choles-
terol synthesis, is a marker of the endogenous cholesterol 
synthesis rate, and plant sterols such as campesterol and 
sitosterol reflect the efficacy of the individual cholesterol 
absorption capacity. Data from a subgroup analysis of the 
4-S-Study indicated as early as 1998 that patients with high 
cholesterol absorption and low cholesterol synthesis may 
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not benefit from statin treatment [4]. In patients with severe 
aortic stenosis, who were not treated with lipid-lowering 
drugs, we demonstrated that low cholesterol synthesis and 
high cholesterol absorption were significantly associated 
with coronary artery disease (CAD) [5]. Similar findings 
were reported from a case–control study nested into the 
Framingham Offspring Study [6]. Notably, in both studies, 
markers of cholesterol homeostasis were better predictors for 
CAD than traditional lipid risk factors. Similar findings were 
reported in the LURIC study, a prospective study evaluat-
ing patients admitted for coronary angiography in Germany 
[7]. Therefore, we have previously called for prospective 
studies of cholesterol homeostasis to assess cardiovascular 
risk stratification on an individual basis. In addition to the 
relationship with cardiovascular events and coronary mor-
bidity, we investigated if markers of cholesterol homeostasis 
are associated with fatal cardiovascular events and all-cause 
mortality, the most indisputable endpoint. For this purpose, 
we have performed an analysis of markers of cholesterol 
homeostasis restricted to the subgroup of patients, who were 
not receiving lipid-lowering agents at baseline, of the HOM 
SWEET HOMe study, which is a prospective cohort study in 
patients with suspected coronary heart disease [8].

Methods

Plasma samples were taken and frozen from patients who 
underwent coronary angiography in the University Hospi-
tal of the Saarland [8]. We excluded subjects taking lipid-
lowering medication (statins, ezetimibe, fibrates) at base-
line, as cholesterol-lowering drugs have a strong impact 
on lathosterol levels [9]. A total of 377 untreated subjects 
were included in the present study. Cholesterol was quanti-
fied after gas chromatographic (GC) separation and flame 
ionization detection using 5α-cholestane as internal stand-
ard [10, 11]. Campesterol, sitosterol and lathosterol were 
determined by GC–mass selective detection (MSD) using 
epicoprostanol as internal standard [10]. Demographic data 
and continuous variables were summarized as mean ± SD or 
median (25%–75% CI).

The standardized mortality ratio (SMR) was calculated as 
the ratio of the observed and the expected deaths. The latter 
were calculated using the population death rates obtained 
from the Regional Database Germany (weighted on the 
inclusion from Rheinland-Pfalz and Saarland). To compare 
all-cause mortality between subgroups, Poisson regression 
(rate ratio, RR) was used. The SMR and RR were standard-
ized for sex, age category and calendar period.

In addition, Cox regression (Hazard ratio, HR) was used 
to determine the effect of co-variables on cardiovascular and 
all-cause mortality within the cohort adjusted for gender 
and age using STATA (version 15.0. STATA Corp, College 

Station, TX). We considered age, sex, body mass index, 
glomerular filtration rate, systolic blood pressure, total 
cholesterol, low-density lipoprotein, high-density lipopro-
tein, triglycerides, smoking, antihypertensive medication, 
and diabetes as candidate explanatory covariates and per-
formed backward variable selection in a Cox proportional 
hazards model for all-cause mortality using a significant 
level of greater than p = 0.05 for removal from the model. 
Moreover, we applied the 10% change-in-estimate method of 
variable selection. All cholesterol metabolism markers were 
log-transformed to correct for their skewed distributions and 
standardized to be comparable. Values indicate HR per 1 SD 
of the natural logarithm with 95% CIs. p values below 0.05 
were considered as statistically significant.

Results

The average age of subjects included in the analysis was 
64.6 years, 63.3% were males. A median body mass index 
of 27.7 (24.7–30.9 CI) kg/m2 indicates a tendency towards 
overweight. Current smoking was reported by 19.7%; 19.4% 
reported a family history of cardiovascular diseases; and 
31.4% had diabetes (Table 1). This cohort is representative 
for patients undergoing cardiac catheterization in Germany.

In 1818 person-years, 44 patients suffered a cardiovascu-
lar event and 42 deaths were observed. The SMR was 0.99 
(95% CI 0.71–1.33; p = 0.556). Out of 42 deaths, 26 were 
based on a cardiovascular event. A lower lathosterol tertile 
compared to the adjacent higher tertile was associated with 
1.6 times higher all-cause mortality risk (RR 1.60; 95% CI 

Table 1   Baseline patients characteristics

Total (n = 377)

CV death 6.9% (26)
Male sex 63.3% (238)
Age (years) 64.6 ± 10.6
Body mass index (kg/m2) 28.3 ± 4.9
Waist circumference (cm) 99.6 ± 13.8
Waist–hip ratio 1.0 ± 0.1
eGFR (mi/min/1.73 m2) 81.1 ± 21.3
LVEF (%) 69.0 (59.0–75.0)
Systolic BP (mm Hg) 132.8 ± 21.5
Peripheral artery disease 10.9% (41)
Smoking 19.7% (74)
History of CAD 17.8% (67)
History of stroke 6.4% (24)
Diabetes 31.4% (118)
Positive family history 19.4% (73)
HbA1c (%) 5.7 (5.4–6.4)
C-reactive protein (mg/l) 2.3 (1.1–4.5)
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1.07–2.40; p for trend = 0.022). This corresponded with a 
2.3 times higher mortality risk of a lathosterol–LDL ratio 
equal to or below the median (RR 2.29; 95% CI 1.19–4.43; 
p = 0.013). None of the other cholesterol homeostasis mark-
ers were associated with cardiovascular and all-cause mor-
tality. The database was virtually complete: all variables 
were available for all cases except for one man, whose meas-
urements of total cholesterol, triglycerides, LDL cholesterol 
and HDL cholesterol were missing and one man, whose 
LDL cholesterol was missing. These two persons, whose 
lipid profiles were incomplete, were alive at sensoring. The 
two men contributed 12.8 person-years to the total follow-up 

corresponding with a negligible expected death rate. In the 
remaining 375 patients, LDL cholesterol levels below the 
median value (3.549 mmol/l) were not associated with a 
significantly improved life expectancy (RR 0.94; 95% CI 
0.51–1.73; p = 0.851). In line, adjustment for the individual 
LDL cholesterol levels did not influence our results.

Using Cox proportional hazards models adjusted for age 
and gender, lower levels of lathosterol, lathosterol-to-choles-
terol and lathosterol-to-LDL were associated with a higher 
risk for cardiovascular mortality (Fig. 1). Moreover, patients 
in the lowest tertile of lathosterol demonstrated a higher inci-
dence of CVEs than patients in tertiles 2 and 3 (Fig. 2).

Fig. 1   Markers of cholesterol 
homeostasis and cardiovascular 
mortality. Forest plot. Lower 
levels of lathosterol, lathosterol-
to-cholesterol and lathosterol–
LDL ratio are associated with 
an increased risk for cardiovas-
cular mortality

Fig. 2   Kaplan–Meier failure 
function for lathosterol tertile
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Discussion

We confirmed that low serum levels of lathosterol, which is a 
marker for endogenous cholesterol synthesis, are associated 
with cardiovascular events and found excess mortality as 
well. Our observations were made within the cohort as well 
as in a nested case comparison with the general population 
of south-west Germany.

We believe that these findings are of importance for a 
number of reasons: first, low lathosterol serum levels might 
serve as a marker to identify patients at excess cardiovas-
cular risk. This requires confirmation in large population-
based prediction studies. Identification of patients with 
low lathosterol levels may indicate a need for early start of 
treatment.

Second, it is tempting to speculate that increasing LDL 
receptors—a mechanism shared by statins and PCSK9 
inhibitors—might be more important for cardiovascular 
risk reduction than inhibiting cholesterol synthesis [12]. In 
case of a naturally occurring low endogenous cholesterol 
synthesis, the increase of the expression of LDL receptors 
during statin treatment may be limited and—in line—this 
may result in a low efficacy.

Finally, findings in this study raise the question of how 
to treat patients with low serum levels of lathosterol. Since 
low endogenous cholesterol synthesis is associated with 
increased cholesterol absorption, it can be speculated that 
this patient subset benefits in particular from cholesterol 
absorption inhibitors such as Ezetimibe [13, 14]. This idea 
was recently supported by a subgroup analysis of the HIJ-
PROPER Study [15]. Nonetheless, this hypothesis needs to 
be tested in dedicated prospective studies.

Our study has several limitations. Although the analysis 
was performed prospectively, the study was not primarily 
set up for this evaluation. Since lipid-lowering agents have a 
major impact on lathosterol serum levels, we had to exclude 
patients who were on any lipid-lowering agent at baseline 
and the treatment regimes during the follow-up period were 
not documented. However, the initially high-risk patients in 
our analysis obviously belong to a well-treated cohort, as the 
cardiovascular event rates were very low resulting in a life 
expectancy identical to the general population of the region.

In conclusion, untreated persons with low serum 
lathosterol had increased risk of cardiovascular events and 
excess all-cause mortality. Markers of cholesterol homeosta-
sis, in particular lathosterol, may improve individual cardio-
vascular risk prediction and might guide treatment options 
prior to starting lipid-lowering therapies. However, further 
prospective and interventional studies are required to con-
firm these findings.

Acknowledgements  This study was supported by an unrestricted 
research grant from Unilever, Vlaardingen, the Netherlands.

References

	 1.	 Ference BA, Ginsberg HN, Graham I et al (2017) Low-density 
lipoproteins cause atherosclerotic cardiovascular disease. 1. 
Evidence from genetic, epidemiologic, and clinical studies. A 
consensus statement from the European Atherosclerosis Society 
Consensus Panel. Eur Heart J 38(32):2459–2472

	 2.	 Fulcher J, O’Connell R, Voysey M et al (2015) Efficacy and safety 
of LDL-lowering therapy among men and women: meta-analysis 
of individual data from 174,000 participants in 27 randomised 
trials. Lancet 385(9976):1397–1405

	 3.	 Weingärtner O, Lütjohann D, Böhm M, Laufs U (2010) Relation-
ship between cholesterol synthesis and intestinal absorption is 
associated with cardiovascular risk. Atherosclerosis. 210:362–365

	 4.	 Miettinen TA, Gylling H, Strandberg T, Sarna S (1998) Baseline 
serum cholestanol as predictor of recurrent coronary events in 
subgroup of Scandinavian simvastatin survival study. Finnish 4S 
Investigators. BMJ 316(7138):1127–1130

	 5.	 Weingärtner O, Weingärtner N, Scheller B et al (2009) Altera-
tions in cholesterol homeostasis are associated with coronary 
heart disease in patients with aortic stenosis. Coron Artery Dis 
2009:276–282

	 6.	 Matthan NR, Pencina M, LaRocque JM et  al (2009) Altera-
tions in cholesterol absorption/synthesis markers characterize 
Framingham offspring study participants with CHD. J Lipid Res 
50(9):1927–1935

	 7.	 Silbernagel G, Fauler G, Hoffmann MM et al (2010) The associa-
tions of cholesterol metabolism and plasma plant sterols with all-
cause and cardiovascular mortality. J Lipid Res 51(8):2384–2393

	 8.	 Rogacev KS, Cremers B, Zawada AM et al (2012) CD14++ 
CD16+ monocytes independently predict cardiovascular events: 
a cohort study of 951 patients referred for elective coronary angi-
ography. J Am Coll Cardiol 60(16):1512–1520

	 9.	 van Himbergen TM, Matthan NR, Resteghini NA et al (2009) 
Comparison of the effects of maximal dose atorvastatin and rosu-
vastatin therapy on cholesterol synthesis and absorption markers. 
J Lipid Res 50(4):730–739

	10.	 Mackay DS, Jones PJ, Myrie SB, Plat J, Lutjohann D (2014) 
Methodological considerations for the harmonization of non-
cholesterol sterol bio-analysis. J Chromatogr B Anal Technol 
Biomed Life Sci. 957:116–122

	11.	 Thelen KM, Rentsch KM, Gutteck U et al (2006) Brain cholesterol 
synthesis in mice is affected by high dose of simvastatin but not 
of pravastatin. J Pharmacol Exp Ther 316(3):1146–1152

	12.	 Brown MS, Dana SE, Goldstein JL (1973) Regulation of 
3-hydroxy-3-methylglutaryl coenzyme A reductase activity 
in human fibroblasts by lipoproteins. Proc Natl Acad Sci USA 
70(7):2162–2166

	13.	 Weingärtner O, Lütjohann D, Elsässer A (2016) Personal-
ize and optimize lipid-lowering therapies. J Am Coll Cardiol. 
68(3):325–326

	14.	 Lorenzi M, Ambegaonkar B, Baxter CA et al (2018) Ezetimibe in 
high-risk, previously treated statin patients: a systemic review and 
network meta-analysis of lipid efficacy. Clin Res Cardiol. https​://
doi.org/10.1007/s0039​2-018-1379

	15.	 Yamaguchi J, Kawada-Watanabe E, Koyanagi R et al (2018) Base-
line serum sitosterol level as predictor of adverse clinical events 
in acute coronary syndrome patients with dyslipidaemia: a sub-
analysis of HIJ-PROPER. Atherosclerosis. 274:139–145

https://doi.org/10.1007/s00392-018-1379
https://doi.org/10.1007/s00392-018-1379


1385Clinical Research in Cardiology (2019) 108:1381–1385	

1 3

Affiliations

Oliver Weingärtner1,2 · Dieter Lütjohann1,3 · Sven Meyer2 · Arne Fuhrmann3 · Bodo Cremers5 · Sarah Seiler‑Mußler7 · 
Hans‑F. Schött3,4 · Anja Kerksiek3 · Silvia Friedrichs3 · Ursula Ulbricht7 · Adam Zawada7 · Ulrich Laufs5 · 
P. Christian Schulze1 · Bruno Scheller5 · Danilo Fliser7 · Michael Böhm5 · Eric Sijbrands6 · Gunnar H. Heine7

1	 Klinik für Innere Medizin I, Universitätsklinikum Jena, 
Friedrich-Schiller-Universität Jena, Am Klinikum 1, 
07747 Jena, Germany

2	 Abteilung für Kardiologie, Klinikum Oldenburg, European 
Medical School Oldenburg-Groningen, Oldenburg, Germany

3	 Institut für Klinische Pharmakologie und Klinische Chemie, 
Universitätsklinikum Bonn, Bonn, Germany

4	 Leibniz-Institut für Analytische Wissenschaften-ISAS-e.V., 
Dortmund, Germany

5	 Klinik für Innere Medizin III, Abteilung für Kardiologie, 
Angiologie und Internistische Intensivmedizin, 

Universitätsklinikum des Saarlandes, Homburg, Saar, 
Germany

6	 Department of Vascular Genetics, Department of Internal 
Medicine, Erasmus MC-University Medical Center 
Rotterdam, Rotterdam, The Netherlands

7	 Klinik für Innere Medizin IV, Abteilung für Nieren‑und 
Hochdruckkrankheiten, Universitätsklinikum des Saarlandes, 
Homburg, Saar, Germany


	Low serum lathosterol levels associate with fatal cardiovascular disease and excess all-cause mortality: a prospective cohort study
	Abstract
	Importance 
	Objective 
	Design, setting and participants 
	Main outcomes 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References




