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                         ORIGINAL ARTICLE     

 Prognostic signifi cance of serum cholesterol, lathosterol, 
and sitosterol in old age; a 17-year population study      

    REIJO S.     TILVIS  1  ,       JAAKKO N.     VALVANNE  2  ,       TIMO E.     STRANDBERG  3    &        
TATU A.     MIETTINEN  1    

  1  Clinic of Internal Medicine and Geriatrics, University of Helsinki, Helsinki, Finland,   2  Social and Health Services, 
City of Espoo, Finland, and   3  Institute of Health Sciences/Geriatrics, University of Oulu, and Oulu University Hospital, 
Unit of General Practice, Oulu, Finland                              

 Abstract 
  Background . Low serum total cholesterol is frequently associated with worse survival in older people, but mechanisms of 
this association are poorly understood. 
  Aims . Characteristics of cholesterol metabolism were related to survival in a random 75  �  population sample. 
  Methods . Serum cholesterol and lathosterol, and sitosterol were measured in random persons ( n   �  623) of birth cohorts 
(1904, 1909, and 1914) in 1990, and all persons were followed for 17 years. 
  Results.  Total cholesterol declined in old age, and low cholesterol was associated with poor health and multi-morbidity. 
Cholesterol below 5.0 mmol/L was associated with accelerated all-cause mortality (age- and gender-adjusted hazard 
ratio (HR) 1.54; 95% CI 1.21 – 1.97;  P   �  0.001) and vascular mortality (HR 2.13 (1.42 – 3.07);  P   �  0.001). Lathosterol 
(indicating cholesterol synthesis) and sitosterol (indicating cholesterol absorption) also decreased with deteriorating health. 
Low lathosterol, sitosterol, and cholesterol predicted mortality additively and independently of each other. When all three 
sterols were high ( �  median) or low, the age- and gender-adjusted survival was 9.9 and 5.6 years ( P   �  0.001). 
  Conclusion.  Lower synthesis and absorption of cholesterol, and low serum cholesterol level are associated with deteriorating 
health and indicate impaired survival in old age.   

 Key words:   Cholesterologenesis, lathosterol, sitosterol, terminal decline 

  Introduction 

 Compared to middle-aged populations, associations 
of serum total cholesterol (TC) with coronary artery 
disease (CAD) and mortality have been less consis-
tent in older people. Pooled data from early studies 
showed that TC was positively correlated with fatal 
CAD in both men and women and also in older 
people (age 65 – 100 years) with decreasing relative 
but increasing attributable risk (1). 

 Some later studies have confi rmed the prognostic 
role of elevated TC in older CAD patients (2 – 8), 
whilst the relationship between TC and all-cause 
mortality has not been observed among older persons 
in several other studies (8 – 11). 

 In 1990, the association between low TC and 
mortality risk was analyzed in 19 studies (12). The 
U-shaped relationship in men and the fl at relation in 
women for total mortality resulted largely from a 
positive relation between TC and fatal CAD, and an 
inverse relation between TC and non-vascular deaths. 
A U-shaped or J-shaped relationship has also been 
observed in some later studies (12 – 16). 

 Studies focusing on older people have revealed an 
inverse association between TC and total mortality in 
the US (13,17,18), European countries (19 – 22), and 
Japan (23). This also held true for Medicare recipi-
ents followed for 10 years (24,25). Because these 
results have relevance for cardiovascular prevention 
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among older adults, many investigators have emphasized 
the need for studies of underlying mechanisms. In 
epidemiological studies, details of cholesterol metab-
olism can be studied by measuring serum non-
cholesterol sterols, which provide information about 
cholesterologenesis (26,27). The ratio of cholesterol 
precursors (e.g. lathosterol) to cholesterol indicates 
the activity of cholesterol synthesis, and that of plant 
sterols (e.g. sitosterol) refl ects the rate of intestinal 
cholesterol absorption (28,29). 

 In the Helsinki Aging Study, a prospective birth 
cohort study, low total TC appeared to associate 
with poor health and increased mortality in the 
1-year follow-up (30). Now, when almost all par-
ticipants have died, we report the cholesterol metab-
olism and clinical characteristics at base-line and 
their relationships with 17-year prognosis in late life. 
The purposes of this report is to assess 1) the asso-
ciations of total cholesterol, lathosterol, and sitos-
terol with age, cognition, multi-morbidity, and need 
of care; 2) to reassess these associations 5 years 
later; and 3) to evaluate the prognostic signifi cance 
of total cholesterol, lathosterol, and sitosterol for 
17-year mortality.   

 Materials and methods  

 Base-line examinations 

 The research protocol for all stages of the Helsinki 
Aging Study has been approved by the Ethics Com-
mittee of the Helsinki University Central Hospital. 

 The base-line examinations in 1989 have been 
described in detail earlier (26,27). A random sam-
ple of persons born in 1904 ( n  �    300), 1909 ( n  �    
300), and 1914 ( n  �    300) was selected from the 
census register in Helsinki, Finland. The partici-
pants alive at entry ( n  �    795) were mailed a ques-
tionnaire including several items about illnesses, 
medications, functioning, mood, and attitudes 
towards life. A total of 144 persons refused to 
answer. At entry, participants ( n  �    651) were 
examined clinically by a nurse, general practitioner, 

neurologist, and cardiologist, and the patient 
records were collected. In addition to routine 
anthropometric and cardiovascular measurements 
(such as pulse rate, blood pressure, and body mass 
index (BMI)), the clinical examination also included 
the measurement of the peak expiratory fl ow (PEF). 
After collection of all questionnaire and clinical 
data, the functional status was determined. The 
examining physician also estimated the global health 
status using a visual analog scale, and the possible 
need of further examinations and care. The Mini-
Mental State Examination (MMSE) (31) and the 
Clinical Dementia Rating (CDR) (32) were used 
for assessment of cognition. Impaired cognition at 
entry was defi ned as MMSE  �  24 points.   

 Laboratory examinations 

 Blood samples for routine laboratory analyses 
( n  �    613), including serum lipids (total cholesterol, 
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and trig-
lycerides (TG)), were drawn after an overnight fast. 
Glomerular fi ltration rate (eGFR) was estimated 
with the Cockcroft – Gault formula. Apolipoprotein 
E genotyping (ApoE alleles) was performed from 
serum samples by immunoelectrophoresis and iso-
electric focusing (33). Base-line C-reactive protein 
(CRP) was measured with a sensitive enzyme immu-
noassay (sensitivity 0.3 mg/L; Medix Biochemica, 
Espoo, Finland) from frozen (-20 ° C) serum. Leptin 
concentration was determined by radioimmuno-
assay (Linco Research, St Charles, MO, USA). 
Dehydroepiandrosterone sulfate (DHEAS) was 
measured using a commercial kit (Coat-A-Count 
DHEA-soy, Diagnostic Products Corporation, 
Los Angeles, CA, USA). 

 Key messages 

 Old age, multi-morbidity, cognitive decline,   •
impaired functioning, and need of help 
are associated with low serum cholesterol, 
lowered cholesterol synthesis, and to a 
lesser extent with diminished cholesterol 
absorption. 
 Characteristics of attenuated cholesterolo-  •
genesis are risk indicators in old age. 

 Abbreviations 

 ApoE apolipoprotein E 
 BMI body mass index 
 BP blood pressure 
 CAD coronary heart disease 
 CDR Clinical Dementia Rating 
 CI confi dence interval 
 CRP C-reactive protein 
 DHEAS dehydroepiandrosterone sulfate 
 eGFR estimated glomerular fi ltration rate 
 HDL-C high-density lipoprotein cholesterol 
 LDL-C low-density lipoprotein cholesterol 
 MMSE Mini-Mental State Examination 
 PEF peak expiratory fl ow 
 PTH parathyroid hormone 
 TC total cholesterol 
 TG triglycerides 



294   R. S. Tilvis et al.   

 An immunoradiometric method (AllegroR Intact 
PTH kit, Nichols Institute, San Juan Capistrano, 
CA, USA) was used to determine serum parathyroid 
hormone (PTH). 

 Non-cholesterol sterols (and cholesterol) were 
measured with gas liquid chromatography ( n   �  562). 
These non-cholesterol sterols include cholesterol 
precursor lathosterol (refl ects cholesterol synthesis), 
and plant sterol (sitosterol) refl ecting cholesterol 
absorption (28,29). Non-cholesterol sterols are expressed 
as a ratio to serum cholesterol ( μ g  �  10 2  per mg of 
cholesterol) to standardize for variations in their 
transport protein concentrations.   

 Follow-up 

 The participants were re-examined in 1991, 1993 
(clinical examination including echocardiography), 
1995 (home visits  �  laboratory), and in 1999 (home 
visits). The date of death has been collected from the 
National Population Register up to 31 July 2007. 
The survival data are 100% complete. The death 
certifi cates ( n  �    346) were collected, and the causes 
of death were within the fi rst 9 years.   

 Statistics 

 All variables were examined for outliers, missing 
data, and entry errors. Differences in proportions 
were tested with a chi-square test, and continuous 
measurements with an analysis of variance. The 
Kaplan – Meier curves and the Cox survival analy-
ses were used for testing the risks of mortality. 
Age and gender were used as standard covariates. 
Other confounders were retained in the model 
based upon their established association with 

serum cholesterol levels and mortality rate. The 
continuous measurements were summarized as 
means  �  SD or 95% confi dence intervals (CI) 
of means.  P   �  0.05 was considered statistically 
signifi cant in the univariate analyses.    

 Results  

 Serum levels at age of 75, 80, and 85 years; base-line 
characteristics 

 The characteristic differences of random persons of 
three birth cohorts included gender distribution, 
health indicators, and levels of cardiovascular risk 
factors (Table I). The number of diseases increased, 
cognition declined, and need of help increased, but 
diastolic blood pressure (BP) and BMI decreased 
with advancing age. There were few smokers among 
the oldest people.   

 Determinants of serum cholesterol 

 The mean base-line TC of the participants (6.31 mmol/L) 
was higher in women than men in each age group 
and tended to decrease by advancing age (Table II). 
Similar differences were also found for HDL-C in 
women, whereas TG tended to increase with advanc-
ing age. The subjects with a history of CAD had 
lower HDL-C (1.32 mmol/L versus 1.52 mmol/L; 
 P   �  0.001), whereas TC (6.35 mmol/L versus 6.30; 
 P   �  0.234) and TG (1.54 mmol/L versus 1.40 mmol/L) 
did not differ signifi cantly. 

 Variables signifi cantly associated with TC were 
cognition (CDR class), need of care, and multi-
morbidity. TC correlated with MMSE score ( r   �  0.139; 
 P   �  0.01) and global health estimated by the 

  Table I. Selected base-line characteristics of study population by age.  

Characteristic

Age, years

 P  value75 80 85

Men/women 65/162 59/134 38/155 0.053
Number of diseases  2.1  2.2  2.4 0.001
History of myocardial infarction, % 14.5 17.8 17.6 0.559
Angina pectoris, % 30.7 35.4 33.7 0.594
Diabetes mellitus, % 14.6 18.6 18.7 0.789
Hypertension, % 33.6 36.9 37.0 0.809
Systolic blood pressure, mmHg (SD) 158 (26) 158 (26) 154 (28) 0.189
Diastolic blood pressure, mmHg (SD)  84 (12)  82 (12)  79 (12)  � 0.001
Body mass index (SD) 26.1 (4.3) 26.6 (3.9) 24.4 (4.1) 0.002
Serum albumin, g/L (SD) 38.0 (3.0) 37.8 (3.1) 36.7 (3.9) 0.001
MMSE-score (SD) 25.6 (3.4) 23.6 (5.6) 21.2 (6.3)  � 0.001
Clinical Dementia Rating  �  2, % 11.8 26.7 41.3  � 0.001
Need of help (%):

Independent 81.4 65.4 43.2
Daily help 13.2 19.1 31.5
Institutional care  5.4 15.5 25.3  � 0.001

Current smokers, % 11.9  7.5  3.1 0.003
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physician (visual analogue scale 0  �  poor, 10 excel-
lent;  r   �  0.184;  P   �  0.001). Consequently, the 
results suggested an association between higher TC 
and better health, cognition, and functioning. This 
was also illustrated by signifi cant albeit weak cor-
relations between TC and hemoglobin ( r  �    0.221; 
 P   �  0.001), serum albumin ( r  �    0.091;  P  �    0.023), 
serum protein ( r  �    0.135;  P   �  0.001), and C-reactive 
protein ( r   �  −0.093;  P   �  0.05). TC was also associ-
ated with both systolic ( r   �  0.102;  P  �    0.05) and 
diastolic blood pressure ( r   �  0.120;  P  �    0.04), but 
was independent of apolipoprotein E phenotype and 
BMI ( r   �  0.043).   

 Non-cholesterol sterols 

 Base-line serum sitosterol ratios decreased by age, 
but this decline was less obvious in serum lathosterol 
(Table III). Both the lathosterol and sitosterol ratios 
were low in older persons suffering from poor health, 
having impaired cognition, and requiring daily care. 
The lowest values were common in institutionalized 
patients. Lathosterol was high, but sitosterol was low 
in subjects with high BMI. 

 Multi-morbidity (number of diseases) associated 
closely with low plant sterols but less with lathosterol. 

Older persons with low lathosterol-to-cholesterol 
ratios were also characterized by low leptin, low 
DHEAS, low PEF, lower systolic blood pressure, 
decreased eGFR, but elevated PTH and CRP (data 
not shown).   

 Re-examination at 5 years 

 None of the participants used statins at base-
line or at 5 years, but TC decreased signifi cantly 
(0.2 mmol/year) during 5 years. This decrease was 
similar among men and women and in all three 
birth cohorts. Despite the higher mortality of 
sick persons with TC and attrition of the study 
population, signifi cant associations were found 
between total cholesterol and health status. Again, 
TC signifi cantly correlated with serum albumin 
(age- and gender-adjusted  r   �  0.343;  P   �  0.001), 
protein ( r   �  0.225;  P   �  0.001), and creatinine 
( r  �    0.236;  P  �    0.014), and with base-line cho-
lesterol ( r   �  0.689;  P   �  0.001). Five-year changes 
in total cholesterol correlated signifi cantly with 
those of serum albumin ( r   �  0.421;  P   �  0.001), 
protein ( r  �    0.375;  P   �  0.001), and creatinine 
( r  �    0.181;  P   �  0.01), and with cognitive decline 
(not shown).   

  Table II. Base-line serum total cholesterol, HDL-cholesterol, and triglycerides (mmol/L) (SE) by demography, cognition, need of care, 
and multi-morbidity.  

Demography

Age, years

75 80 85  P  value

Men,  n 65 59 38
Cholesterol 5.79 (0.14) 5.82 (0.14) 5.37 (0.15) 0.091
HDL cholesterol 1.27 (0.04) 1.28 (0.0.5) 1.38 (0.07) 0.283
Triglycerides 1.39 (0.09) 1.34 (0.11) 1.19 (0.10) 0.429

Women,  n 162 134 155
Cholesterol 6.84 (0.11) 6.46 (0.11) 6.23 (0.09)  � 0.001
HDL cholesterol 1.63 (0.04) 1.55 (0.04) 1.45 (0.05) 0.004
Triglycerides 1.42 (0.06) 1.41 (0.06) 1.52 (0.07) 0.465

Cognition (adjusted for age and gender)
CDR 0 – 0.5 
( n   �  443)

CDR 1 – 2 
( n   �  90)

CDR 3 – 4 
( n   �  64)

Cholesterol 6.40 (0.06) 6.24 (0.13) 5.80 (0.16) 0.021
HDL cholesterol 1.53 (0.02) 1.37 (0.05) 1.31 (0.06) 0.033
Triglycerides 1.41 (0.04) 1.61 (0.08) 1.20 (0.10) 0.016

Need of care (adjusted for age and gender)
Independent 
( n   �  381)

Daily help 
( n   �  121)

Institutional 
care ( n   �  86)

Cholesterol 6.46 (0.6) 6.19 (0.11) 5.92 (0.14) 0.023
HDL cholesterol 1.56 (0.02) 1.39 (0.04) 1.31 (0.05) 0.042
Triglycerides 1.38 (0.04) 1.63 (0.07) 1.30 (0.09) 0.014

Number of diseases (adjusted for age and gender) 0 – 1 ( n   �  187) 2 – 3 ( n   �  150)   � 3 ( n   �  120)

Cholesterol 6.48 (0.09) 6.27 (0.10) 6.25 (0.12) 0.021
HDL cholesterol 1.61 (0.03) 1.53 (0.03) 1.29 (0.04) 0.033
Triglycerides 1.31 (0.07) 1.38 (0.07) 1.68 (0.07) 0.016
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 Follow-up; serum cholesterol, lathosterol, and sitosterol 
as survival predictor; all-cause mortality 

 During the 17-year follow-up, 94% of the study 
participants died. The unadjusted Kaplan – Meier 
survival curves by tertiles of TC diverged for over 
5 years (Figure 1, Panel A). 

 Using an arbitrary cut-point (4.99 mmol/L), the 
median survival of lower and higher TC group was 
5.3 and 7.7 years, respectively. The age- and gender-
adjusted HR of lower TC was 1.54 ( P   �  0.001) and 
remained signifi cant (HR 1.37;  P   �  0.020) after 
further controlling for smoking, hypertension, body 
mass index, history of myocardial infarction, MMSE 
score, and need of care (Table IV). The signifi cance 
was lost when adjusted for global health and three 
frailty indicators. 

 Excess mortality of participants with low TC 
tended to be consistent in both genders and each age 
group, except the youngest women (born in 1914) 
(Figure 2). 

 When the participants ( n  �    572) were 
grouped according to the median values of serum 

non-cholesterol sterol/cholesterol ratio, both lower 
lathosterol (lower synthesis) and sitosterol (lower 
absorption) associated with mortality risk (Figure 1, 
Panels B and C). Table IV shows that the predictive 
value of low lathosterol remained signifi cant and 
almost unchanged after correction for conventional 
cardiovascular risk factors, actual health indicators, 
BMI, cognition, and need of care, which were 
all powerful mortality predictors in this study popu-
lation. After multiple adjustments the predictive 
value of lower sitosterol was insignifi cant. Because 
lathosterol and sitosterol were inversely related ( r   �  
–0.248;  P   �  0.001), and refl ect reciprocal mecha-
nisms of cholesterologenesis, they were controlled 
for each other (Table IV, Model D). In such analyses, 
both low synthesis and low absorption rate of cho-
lesterol were signifi cant predictors of all-cause mor-
tality, lathosterol emerging as the most signifi cant 
indicator. 

 When the 5-year survivors were followed for 12 years, 
lower TC (  �  5 mmol/L) was associated with excess 
mortality (age- and gender-adjusted HR 1.67; 95% CI 
1.28 – 2.16);  P   �  0.001). 

 Mean base-line TC of the few 17-year survivors 
( n  �   38) was 6.8 (SD 1.7) mmol/L, whereas that of non-
survivors was 6.3 (1.2) mmol/L ( P  �   0.017). The respec-
tive means of 5-year values were 6.0 mmol/L and 
5.5 mmol/L ( P  �    0.026).   

 Vascular mortality 

 The death certifi cates were collected for the fi rst 9 
years of follow-up. Of the 9-year deaths ( n  �    346) 
180 (57%) were caused by vascular diseases. 
Low TC (age- and gender-adjusted HR  �  2.13; 
 P   �  0.001) and lathosterol (HR 1.55) emerged as 
signifi cant risk indicators (Table IV). The predictive 
values remained virtually unchanged after wide 
adjustments, whereas the fi gures for sitosterol were 
inconsistent. 

 Among vascular deaths 97 acute myocardial 
infarctions were classifi ed as immediate cause of 
death. Neither TC nor non-cholesterol sterols had 
predictive signifi cance in this subgroup.   

 Comparison of predictive values 

 When TC, lathosterol, and sitosterol-to-cholesterol 
ratios were tested simultaneously as survival covari-
ates, all three parameters (either as continuous or 
categorized variables) were signifi cant and indepen-
dent predictors of all-cause mortality (Table IV, 
Model D). 

 Furthermore, the associations of low serum TC, 
lathosterol, and sitosterol with mortality risk were 
graded and additive. When all three sterols were high 

  Table III. Mean values of serum lathosterol and sitosterol 
( μ g  �  10 2   �  mg of cholesterol, mean (SE)) by gender, age, body 
mass index, diabetes, cognition, and need of care.  

Group ( n ) Lathosterol Sitosterol

Men ( n   �  150) 179 (8) 111 (8)
Women ( n   �  422) 161 (3) 111 (3)
 P  value 0.014 0.914
75 years ( n   �  196) 170 (4) 121 (4)
80 years ( n   �  193) 169 (7) 107 (3)
85 years ( n   �  183) 156 (5) 104 (4)
 P  value 0.130  � 0.001
BMI  �  22.6 ( n   �  107) 140 (7) 132 (5)
BMI 22.61 – 25.1 ( n   �  103) 153 (7) 122 (5)
BMI 25.2 – 27.80 ( n   �  112) 185 (8) 109
BMI  �  27.81 ( n   �  115) 184 (7) 100 (5)
 P  value  � 0.001  � 0.001
Diabetes ( n   �  72) 184 (8) 98 (5)
No diabetes ( n   �  404) 161 (4) 114 (2)
 P  value 0.013 0.014
CDR class  �  1 ( n   �  420) 169 (4) 115 (2)
CDR class  �  1 ( n   �  138) 152 (7) 100 (4)
 P  value 0.009 0.015
MMSE  �  24 ( n   �  347) 170 (4) 116 (3)
MMSE  �  24 ( n   �  188) 157 (6) 104 (4)
 P  value 0.063 0.014
No help needed ( n   �  363) 169 (4) 115 (3)
Daily help needed ( n   �  113) 168 (7) 109 (5)
Institutionalized ( n   �  74) 143 (9) 98 (6)
 P  value 0.033 0.043
Number of diseases: 0 – 1 ( n   �  169) 158 (5) 116 (4)
Number of diseases: 2 – 3 ( n   �  142) 167 (5) 106 (4)
Number of diseases:  � 3 ( n   �  110) 165 (6) 103 (5)
 P  value 0.119 0.009

   The values for body mass index, diabetes, cognition, need of care, 
and multi-morbidity are adjusted for age and gender.   
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( �  median) or low ( �  median), the age- and gender-
adjusted survival was 9.9 and 5.6 years, respectively 
( P   �  0.001) (Figure 3).    

 Discussion 

 The novel contribution of our study is to demon-
strate the interplay between cholesterol synthesis, 
cholesterol absorption, and serum TC as survival 
predictors. 

 The results show that old age is characterized 
by both decreasing cholesterol synthesis and 
decreasing cholesterol absorption, and — as a logical 
consequence — lowered serum TC levels. All these 
features were associated with deteriorating health, 

multi-morbidity, frailty, and particularly cognitive 
impairment, all of which indicate mortality risk at 
the population level. 

 A random population sample, comprehensive 
clinical and laboratory examinations, as well as com-
plete and long follow-up are the major strengths of 
this study. A further strength is that treatment with 
cholesterol-lowering drugs does not distort analyses 
and conclusions of cholesterol and aging-related 
phenomena. A limitation is that the non-cholesterol 
sterols were measured at base-line only. 

 By demonstrating a decrease in serum TC in old 
age, the results are in accordance with numerous ear-
lier studies (34 – 41). In our population the decrease 
in both TC and HDL-C was more profound in the 
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  Figure 1.     Kaplan – Meier curves for 17-year cumulative survival by tertiles of serum total cholesterol (Panel A), lathosterol/cholesterol 
ratios (Panel B), and sitosterol/cholesterol ratios (Panel C).  
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longitudinal than cross-sectional settings due to the 
clear over-mortality of participants with low TC. Sev-
eral studies have proposed that the age-associated 
decrease in TC is attributable to subclinical and clin-
ical diseases and that these relationships should be 
thoroughly investigated (6,12,17,24,40). In our study 
a large number of health indicators for older people 
were registered both at both base-line and during 
re-examinations. Regardless of which health indica-
tors were selected (subjective or objective health, 
number of diseases, co-morbidity indexes), the results 
remained essentially similar and uniformly showed 

the close connection between low TC and poor 
health. Although high TC did not predict cardiovas-
cular deaths in this random population including sick 
people, the result do not oppose the role of TC as a 
risk factor of CAD in old age. In fact, large meta-
analyses, including also older persons, have disclosed 
the positive association between TC and CAD mor-
tality but not with stroke mortality (42,43). However, 
other serum lipids than total TC appear to be stronger 
predictors of CAD in older people (44). 

 Measurement of non-cholesterol sterols sheds 
new light on the mechanisms of decreasing choles-
terol in old age. An indirect measure of cholesterol 
synthesis (lathosterol) and that of fractional choles-
terol absorption rate (sitosterol) tended to decrease 
by advancing age and were signifi cantly lower in 

  Table IV. Lower cholesterol ( �  5 mmol/L), lathosterol/cholesterol 
( �  median), and sitosterol/cholesterol ( �  median) as predictors 
of all-cause and vascular mortality.  

Model
Number of 
events/total HR 95% CI  P  value

All-cause mortality:
Cholesterol

A 575/612 1.54 1.21 – 1.97  � 0.001
B 533/569 1.37 1.05 – 1.78 0.020
C 532/568 1.16 0.89 – 1.52 0.272
D 528/562 1.60 1.23 – 2.09  � 0.001

Lathosterol
A 528/562 1.49 1.25 – 1.77  � 0.001
B 492/525 1.44 1.19 – 1.73  � 0.001
C 491/524 1.56 1.30 – 1.88  � 0.001
D 528/562 1.58 1.32 – 1.90  � 0.001

Sitosterol
A 528/562 1.15 0.97 – 1.37 0.105
B 492/525 0.97 0.80 – 1.16 0.714
C 491/524 0.88 0.62 – 1.07 0.207
D 528/562 1.34 1.12 – 1.61 0.002

Vascular causes as 
principal cause 
of death:

Cholesterol
A 180/612 2.13 1.47 – 3.07  � 0.001
B 180/569 1.75 1.43 – 2.16  � 0.001
C 178/568 1.69 1.13 – 2.53 0.011
D 176/562 2.10 1.41 – 3.13  � 0.001

Lathosterol
A 176/562 1.55 1.15 – 2.10 0.004
B 163/525 1.44 1.03 – 2.00 0.032
C 161/524 1.54 1.11 – 2.12 0.009
D 176/562 1.49 1.08 – 2.05 0.015

Sitosterol
A 176/562 1.08 0.80 – 1.46 0.617
B 163/525 1.31 0.95 – 1.80 0.102
C 161/524 0.67 0.48 – 0.93 0.017
D 176/562 1.05 0.77 – 1.45 0.724

   Model A  �  adjusted for age and gender.   
 Model B  �  adjusted for age, gender, smoking, hypertension, body 
mass index, history of myocardial infarction, MMSE score, and 
need of care.   
 Model C  �  adjusted for age, gender, global health (VAS score), 
and three frailty indicators (weight loss, serum albumin, and 
physical fatigue).   
 Model D  �  after controlling for age and gender, cholesterol, 
lathosterol, and sitosterol were adjusted for each other.   

  Figure 2.     Low serum total cholesterol ( �  5 mmol/L (Panel A)) 
and low ( �  median) lathosterol and sitosterol through cholesterol 
ratios (Panel B) as risk indicators (HR and 95% CI) of all-cause 
mortality by age and gender. Number of subjects (events/total) 
in parentheses.  
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participants with poor health and impaired cogni-
tion. In keeping with earlier observations cholesterol 
synthesis was high and absorption was low in obesity 
and diabetes (29), and similar associations were also 
observed with high leptin concentrations. The asso-
ciation of low sitosterol with higher mortality is also 
in accordance with the results of 22-year follow-up 
of men (mean age 60 years) (45). In the LURIC 
study, in which the non-cholesterol sterols were mea-
sured in 1,257 persons (mean age 63 years) and the 
mean follow-up lasted for 7 years, high absorption 
and low synthesis of cholesterol were signifi cant 
mortality indicators (46). However, sitosterol did not 
emerge as a signifi cant predictor. 

 It is tempting to speculate that low serum choles-
terol in old people is mainly caused by diminished 
cholesterol synthesis, not adequately compensated by 
increased cholesterol absorption rate. Unfortunately, 
the third basic parameter of cholesterol metabolism, 
the fractional removal rate of serum LDL-C, was not 
measured due to a lack of methods suitable for large-
scale population studies. Nevertheless, the signifi cant 
decrease in serum TC suggests that a possible reduc-
tion of cholesterol removal rate would be insuffi cient 
to sustain the balance in a situation of both diminish-
ing synthesis and diminishing absorption due to 
frailty and/or multiple diseases. 

 Together with earlier data the following generaliza-
tion seems to be justifi ed: The older and/or less selected 

the study population, the closer is the connection 
between low TC and increased mortality risk. 

 Human aging is characterized by weakening of 
growth potential and activation of infl ammatory pro-
cesses (47,48). The present study implies that atten-
uation of cholesterologenesis is also common in 
later life. In fact, both low cholesterol synthesis and 
absorption are strongly related to low BMI, low lep-
tin (reduced subcutaneous tissue), low creatinine, 
low albumin, and low blood pressure. Low choles-
terol synthesis was also associated with low albumin, 
low DHEAS, low PEF, decreased eGFR, but elevated 
PTH (vitamin D defi ciency) and CRP. Together, they 
indicate poor nutrition, muscle weakness and sar-
copenia, infl ammation, and organ failure, all hall-
marks of the geriatric syndrome called frailty (49). 
They are also signifi cant mortality predictors in our 
study participants (27,50 – 52). 

 Although serum TC, lathosterol, and sitosterol 
were independent survival indicators, the low 
lathosterol-to-cholesterol ratio appeared to be the 
ultimate driver in these connections. Our data 
indicate — even prove — that endogenously lowering 
cholesterol synthesis and absorption are accelerated 
by frailty and diseases, and refl ect diminishing ana-
bolic processes. Conceivably, low TC is mainly a 
surrogate marker for decreasing cholesterol synthe-
sis and absorption. Weakening of these basic ana-
bolic and life-sustaining mechanisms is a late-life 
phenomenon. 

 It is important to realize that the observed asso-
ciations refl ect endogenously lowered cholesterol —
 not the results of lipid-lowering treatments, which 
were not used in our cohort. That low TC due to 
aging, age-associated diseases, and development of 
frailty is a mortality predictor does not mean that 
cholesterol-lowering treatment would be harmful. 
On the contrary, various analyses have demonstrated 
that statin treatment is associated with improved 
survival also in older people (43,53 – 55). Thus, the 
active and passive cholesterol-lowering have different 
clinical consequences. 
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