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Abstract
The aim of this study was to examine the associations between high-density lipoprotein (HDL) 
and low-density lipoprotein (LDL) cholesterol, triglycerides and cognition and focus on the 
modifying effect of inflammation. Data were collected in the population-based Longitudinal 
Aging Study Amsterdam and analyzed with mixed linear models. The sample comprised 1,003 
persons ≥ 65 years with cognitive data on at least two occasions over six years of follow-up. 
Cognition was measured with the Mini-Mental State Examination (general cognition), Auditory 
Verbal Learning Test (memory) and Coding Task (information processing speed).
 We found an independent association between high HDL cholesterol and better memory 
performance. In addition, low LDL cholesterol was predictive of worse general cognitive per-
formance and faster decline on information processing speed. Furthermore, a significant modi-
fying effect of inflammation (C-reactive protein, α1-antichymotrypsin) was found. A negative 
additive effect of low LDL cholesterol and high inflammation was found on general cognition 
and memory performance. Also, high triglycerides were associated with lower memory perfor-
mance in those with high inflammation. Thus, a combination of these factors may be used as 
markers of prolonged lower cognitive functioning.

Keywords: Lipoproteins; Triglycerides; Inflammation; Cognitive decline; Older persons.
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Introduction
Both lipoproteins, lipids and inflammation have been linked to dementia and cognitive decline, 
although their role is complex and mechanisms are still far from clear. In the current study, 
we focus on the additive effect of these biomarkers on cognitive decline in a population-based 
sample of older persons. 
 High levels of low-density lipoprotein (LDL) cholesterol, low levels of high-density lipo-
protein (HDL) cholesterol, both major transport lipoproteins of cholesterol, as well as high lipid 
levels of triglycerides have been shown to be independently associated with cardiovascular 
disease (CVD) (Boden, 2000; Morrison and Hokanson, 2009), which in turn is associated with 
an increased risk of dementia and cognitive impairment (Van Vliet et al., 2009). Inconsistent and 
even contrasting results have been found in studies focusing on the direct association between 
lipoproteins and dementia. While some studies have shown an association between high LDL 
cholesterol and increased dementia risk or worse cognitive functioning (Helzner et al., 2009; 
Lesser et al., 2009; Moroney et al., 1999; Yaffe et al., 2002), other studies found the opposite 
effect (Henderson et al., 2003; Packard et al., 2007) or failed to detect an independent associa-
tion (Reitz et al., 2004; Romas et al., 1999; Yoshitake et al., 1995). High HDL cholesterol has 
been shown to be associated with better cognitive functioning (Atzmon et al., 2002; Merched 
et al., 2000; Van Exel et al., 2002) and has been suggested as a protective factor for dementia 
in most cross-sectional studies (Bonarek et al., 2000; Van Exel et al., 2002; Wolf et al., 2004), 
while longitudinal studies have not found a significant association with dementia, mild cogni-
tive impairment (MCI), cognitive decline or functioning (Henderson et al., 2003; Reitz et al., 
2004, 2005, 2008; Tan et al., 2003). In contrast, autopsy studies have shown that higher late-life 
levels of HDL cholesterol were associated with higher levels of Alzheimer’s disease (AD) pa-
thology (Launer et al., 2001) and increasing pathological certainty of AD (Lesser et al., 2009). 
Some studies focusing on triglycerides have shown that higher triglyceride levels were associ-
ated with cognitive decline (De Frias et al., 2007) and poorer cognitive performance (Perlmuter 
et al., 1988; Sims et al., 2008), while several other studies showed no association with dementia 
or cognitive decline (Hall et al., 2006; Romas et al., 1999; Yaffe et al., 2002). Furthermore, 
the metabolic syndrome (MetS), which is defined as a cluster of low HDL cholesterol, high 
triglycerides, abdominal obesity, impaired fasting glucose and/or hypertension (Expert Panel 
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, 2001), has been 
linked to increased risk of dementia, cognitive decline and poorer cognitive functioning (Dik et 
al., 2007; Kalmijn et al., 2000; Solfrizzi et al., 2010; Yaffe et al., 2004). Kalmijn et al. (2000) 
showed that a higher level of triglycerides during midlife was significantly associated with 
a higher risk of dementia 25 years later. A recent study focusing on MetS, found that higher 
triglycerides and also lower HDL cholesterol were associated with a higher risk of cognitive 
impairment in Apolipoprotein E (ApoE) e4 carriers (Lee et al., 2010). Possibly, differences in 
sample characteristics (e.g. age, baseline cognition, outcome measure (AD, vascular demen-
tia (VaD), cognition), level of lipoproteins, presence of CVD), and adjustment for possible  
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mediating or modifying factors could explain the inconsistent results regarding the role of lipo-
proteins and triglycerides. Moreover, we hypothesize that inflammation plays a modifying role 
with respect to the association between lipoproteins and cognition.
 Inflammatory processes have been shown to be strongly associated with CVD (Stampfer, 
2006) and may play a role in the development of dementia and cognitive decline (Peila and 
Launer, 2006). Furthermore, inflammatory markers including C-reactive protein (CRP), Inter-
leukin-6 (IL-6) and α1-antichymotrypsin (ACT), have been linked to increased dementia risk 
(Engelhart et al., 2004) and cognitive decline (Dik et al., 2005; Weaver et al., 2002). However, 
associations have not been found consistently between studies.
 Some previous studies have focused on the association between lipids, lipoproteins and in-
flammation in older persons. Both lower levels of HDL cholesterol (Arai et al., 2001; Lehtimäki 
et al., 2005; Zuliani et al., 2007), LDL cholesterol and total cholesterol (Lehtimäki et al., 2005) 
as well as acquired hypocholesterolemia (Arai et al., 2001; Ettinger et al., 1995) have been 
shown to be associated with higher IL-6 (Arai et al., 2001; Ettinger et al., 1995; Lehtimäki et 
al., 2005; Zuliani et al., 2007) and higher CRP levels (Arai et al., 2001; Ettinger et al., 1995). 
Furthermore, it has been hypothesized that higher HDL cholesterol may diminish dementia risk 
by its anti-inflammatory effects (Cockerill et al., 2001). In addition, a synergistic effect of MetS 
and high inflammation has been shown with respect to increased risk of VaD (Solfrizzi et al., 
2010), non-amnestic MCI (Roberts et al., 2010), cognitive decline (Yaffe et al., 2004) and worse 
cognitive function (Dik et al., 2007). To our knowledge, no study to date has focused on the 
modifying or mediating effect of inflammation on each of the associations between lipoproteins, 
triglycerides and cognitive decline or dementia. In the current study, we focus on the interac-
tion between HDL and LDL cholesterol, triglycerides and the inflammatory markers CRP, IL-6, 
and ACT with respect to the trajectory of cognitive functioning in a population based sample of 
older persons.

Methods
Study sample
For the present study, data were used from the ongoing population-based Longitudinal Aging 
Study Amsterdam (LASA). Procedures on sampling and data collection have been described 
in detail elsewhere (Deeg et al., 2002). In short, a random sample of men and women aged 
55-85 stratified for age and sex according to the expected five-year mortality, was drawn from 
the population registries of eleven municipalities in three areas of the Netherlands. Data col-
lection started in 1992/1993, main and medical interviews in which structured questionnaires 
were completed and tests were performed were repeated every three years. Respondents were 
interviewed at home by specially trained and intensively supervised interviewers. The study 
was approved by the Ethical Review Board of the VU University Medical Center (VUmc), and 
informed consent was obtained from all respondents.



Main interview
N=3,107

Main interview
N=2,545

Medical interview
(ages ≥65 years only)

N=1,509

Blood sampling 
N=1,331; 

Triglycerides and/or
lipoprotein levels 

N=1,296

T1 1992/1993

Included at baseline
N=1,230

MMSE: N=1,227
IR: N= 1,205

Coding: N=1,173

T2 1995/1996 T3 1998/1999 T4 2001/2002

Excluded
N=66 using lipid 

lowering drugs at T2
3-year follow-up 

N=1,043
MMSE: N=999

IR: N=928
Coding: N=914 

6-year follow-up 
N=854

MMSE: N=759
IR: N=682

Coding: N=666

Final study sample N=1,003 with cognitive data on ≥2 occasions

T2 1995/1996

Figure 1 Flow chart of the study sample
MMSE Mini-Mental State Examination; IR Immediate Recall; Coding Information processing speed.
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 In total, 3,107 persons were enrolled during the first data collection of LASA. In total, 
562 persons (18.1%) were lost to follow up of whom 416 died (13.4%), 90 refused (2.9%), 
38 were ineligible (1.2%) and 18 could not be contacted (0.6%) for the second data collection 
(1995/1996). During the second data collection, 1,509 persons aged 65 and older participated 
in the medical interview, of whom N = 1,331 agreed to take part in the blood drawing proce-
dure. Blood samples were obtained in the VUmc or a health care center near the respondents’ 
home. For respondents unable to come to the VUmc or health care center, blood samples were 
obtained in the home of the participant. Respondents who agreed to take part in the blood 
drawing procedure were significantly younger and had higher scores on cognitive tests (all p 
< 0.0001) compared to persons who refused. For the present study, subjects were included of 
whom triglycerides and/or lipoprotein level(s) (N = 1,296) could be determined. In addition, 
persons taking lipid-lowering drugs at the time of blood sampling were excluded (N = 66). Of 
the N = 1,230 participants included in the present study, 1,043 participated in the three-year 
follow-up interview in 1998/1999 (84.8%). Of the 187 subjects who were lost to follow-up, 158 
died (12.8%), 12 refused (1.0%), 11 were ineligible (0.9%) and 6 could not be contacted (0.5%). 
Of the 1,043 persons who participated in the three-year follow-up, 854 persons participated in 
the six-year follow-up in 2001/2002 (81.9%). Of those lost to follow-up, 168 died (16.1%), 10 
refused (1.0%), 10 were ineligible (1.0%) and 1 could not be contacted (0.1%). Persons who 
were lost to follow-up, were significantly older, performed worse on cognitive tests, and were 
more likely to be men (all p < 0.0001). In addition, persons lost to follow-up had higher levels 
of inflammation (p < 0.05) and lower levels of LDL cholesterol (p < 0.05) and total cholesterol 
(p < 0.0001). In the present study, analyses were based on persons of whom data on cognitive 
functioning was available on at least two occasions, which resulted in a final sample of N = 
1,003. Figure 1 shows a flow chart of the study sample.
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Cognitive functioning
Objective cognitive tasks were used to measure general cognitive performance, memory (imme-
diate recall) and information processing speed. General cognitive performance was measured 
with the Mini-Mental State Examination (MMSE) (range, 0-30), a widely used and brief screen-
ing instrument to detect cognitive impairment (Folstein et al., 1975). Memory was measured 
with an abbreviated version of the Auditory Verbal Learning test (ALVT) (Rey, 1964) which 
consists of three trials instead of five. A list of 15 words is read out loud by the interviewer, 
after which the respondent sums up as many words as they can remember. Immediate recall 
was defined as the highest score out of three trials (range, 0-15). To reduce a possible practice 
effect parallel versions of the ALVT were used, which are applied in treatment-research (Moller 
et al., 1998), and have been validated and tested on parallelism (Jolles et al., 1995). Informa-
tion processing speed was measured by an adapted version of the Alphabet Coding Task-15  
(Piccinin and Rabbitt, 1999), a letter substitution task consisting of three identical one-minute 
trials in which the respondent has to combine as many characters as possible according to a 
given example. The mean score (i.e. number of correctly completed characters) of the three  
trials was used in the analyses (range, 1- 42.7).

Measurement of triglycerides and lipoprotein levels
Blood samples were kept deep frozen until analysis. Respondents were allowed to take toast and 
tea, but no dairy products. Serum HDL cholesterol and triglycerides were measured with a Hi-
tachi 747 analyzer (VUmc) using enzymatic colorimetric tests (Roche diagnostics, Mannheim, 
Germany). The inter-assay coefficient of variation (CV) was < 2.8% for triglycerides and  
< 6.4% for HDL cholesterol. LDL cholesterol was calculated as: total cholesterol − HDL cho-
lesterol − (0.456 x total triglyceride concentration) expressed in mmol/L (Friedewald et al., 
1972). This formula is known to be less reliable as triglyceride concentration increases (Rifai et 
al., 1992), therefore it was only used if triglyceride levels were < 5.0 mmol/L. LDL cholesterol 
could not be calculated in nine subjects with triglycerides levels ≥ 5.0 mmol/L.

Measurement of inflammation markers
Serum levels of ACT, CRP, and IL-6 were determined using sensitive regular immunoassays 
(enzyme-linked immunosorbent assay (ELISA)) developed and performed at Sanquin Research, 
Amsterdam, the Netherlands. IL-6 was measured with an ELISA (Business Unit Immune Re-
agents of Sanquin Research, Amsterdam, The Netherlands) and used according to manufactur-
er’s instructions. CRP levels were measured with a sandwich-type ELISA in which polyclonal 
rabbit anti-CRP antibodies were used as catching antibodies and a biotinylated mAb against 
CRP (CLB anti–CRP-2) as the detecting antibody (Bruins et al., 1997). ACT was measured with 
an ELISA in which specific mAbs against ACT were used (Rozemuller et al., 1991). Recom-
binant IL-6, purified CRP and pooled human plasma were used as standards in the respective 
assays. Results were expressed as ug/mL for CRP, pg/mL for IL-6, and % of normal plasma for 



117

Lipoproteins, inflammation and cognitive decline

ACT. The normal human plasma pool (% NHP) used as a standard for ACT contained ~300 mg 
ACT per L. The inter-assay CV was < 5.2% for ACT, < 4.2% for CRP, and < 5.0% for IL-6. 
The intra-assay CV was 4.1% for ACT, 3.2% for CRP, and 3.3% for IL-6. The detection limits 
were 0.8 ng/mL for CRP, and 5.0 pg/mL for IL-6. All values were measured in duplicate, with 
averages being reported.

Potential confounders
The following variables were considered as potential confounders: age, sex, education, alcohol 
consumption, smoking, physical activity, arthritis, hypertension, ApoE e4, depressive symp-
toms, body mass index (BMI), use of non-steroidal anti-inflammatory drugs at baseline and 
follow-up, use of lipid-lowering drugs at follow-up, and ACT, CRP, IL-6 (if not significant 
modifiers).
 Data on age and sex were derived from the population registries. Education was determined 
by asking for the highest educational level completed, which was converted into the total num-
ber of years of education (range, 5-18 years). Alcohol consumption was assessed by asking for 
the number of alcoholic units consumed per week over the past year, and the number of days of 
the week in which alcohol was consumed. Alcohol consumption was classified as no, middle and 
high according to the Netherlands Economic Institute (NEI) index (Reinhard and Rood-Bakker, 
1998). Smoking status was assessed by self report and classified as never, former and current. 
Physical activity was measured by the LASA physical activity questionnaire (LAPAQ), which 
is a face-to-face questionnaire in which frequency and duration of walking outside, bicycling, 
light and heavy household activities and a maximum of two sports during the past two weeks 
are estimated. Scores were converted to total time spent on physical activities in minutes per 
day, and thereafter divided in three equal categories (tertiles). Diabetes mellitus was assessed by 
combining self-report data (κ = 0.85, nearly perfect agreement with general practitioner (GP) 
information) (Kriegsman et al., 1996), medication use, and records of the GP. Arthritis was de-
termined by self report (κ = 0.31, fair agreement with GP information) (Kriegsman et al., 1996). 
The presence of hypertension was determined by blood pressure (≥ 160/100 mmHg) and/or use 
of anti-hypertensive medication. ApoE phenotype was determined by isoelectric focusing of 
delipidated serum samples, followed by immunoblotting. The distribution of ApoE phenotypes 
was in Hardy-Weinberg equilibrium (ApoE e2/2: 0.8%; e2/3: 12.3%; e3/3: 61.0%; e2/4: 2.2%; 
e3/4: 20.9%; e4/4: 2.6%; missing: 0.2%). Persons were classified as e4 carriers (phenotypes 
e2/4, e3/4, e4/4) or e4 non-carriers (phenotypes e2/2, e2/3, e3/3). Depressive symptoms were 
assessed with the Center of Epidemiologic Studies Depression Scale (CES-D), a 20-item self-
report scale (range, 0-60) designed to measure depressive symptoms in the general population 
(Beekman et al., 1997; Radloff, 1977). BMI was calculated as: weight (kg) / (height (m))2. Use 
of anti-inflammatory and lipid-lowering drugs were determined by checking medication use.
 CVD (cardiac disease, peripheral arterial disease, cerebrovascular accident) was evaluated 
as a potential mediator. The presence of CVD at baseline and three-year follow-up was assessed 
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by a combination of self-report data, medication use and records of the GPs in an algorithm pre-
viously described (Bremmer et al., 2006). At six-year follow-up self-report data and medication 
records were used.

Data analysis
Serum levels of triglycerides, CRP, ACT and IL-6 were not normally distributed, therefore natu-
ral logarithmic (ln) transformations were performed. In addition, the MMSE score was trans-
formed (ln (31-MMSE score)) to obtain a near-normal distribution.
 To study the associations between baseline levels of HDL and LDL cholesterol and 
triglycerides and cognitive functioning, and the modifying effect of inflammatory markers CRP, 
IL-6, ACT on these associations, data were analyzed using linear mixed models in SPSS for 
windows, version 15.0 (SPSS incorporated, 2007, Chicago, IL). Linear mixed models takes 
the dependency of repeated measurements in the data into account and allows inclusion of sub-
jects with missing data. In the present study, a random effect of time with covariance structure 
“unstructured” was included, taking into account within subject correlation between repeated 
measurements in addition to between-subject variation. The covariance structure “unstructured” 
allows the estimation of the variances of the random effects, in addition to their covariance 
(West, 2009).
 First of all, the trajectories of cognitive functioning as indicated by scores on the MMSE, 
immediate recall and information processing speed were modelled as a function of time. Time 
was defined as the number of years (i.e. 0, 3 and 6 years) between the determination of lipopro-
tein levels and follow-up cycle. Second, in separate analyses the main predictors were added 
to each model and their quadratic term was tested for significance to study the presence of a 
non-linear association. If significant (p < 0.10), the quadratic term was retained in the model. 
Third, the interaction between the main predictor and time was tested to study whether the main 
predictor was associated with rate of cognitive decline. If significant (p < 0.10) the interaction 
with time was retained in the model. Hereafter, all potential confounders were added one by one 
to the model. Variables that showed a significant confounding effect on the studied associations, 
i.e. ≥ 10% change in the unstandardized regression coefficient (B) of the main predictor were 
retained in the model.
 Effect modification by the inflammatory markers CRP, ACT and IL-6 was tested in the fully 
adjusted model by adding the product terms (main predictor x inflammatory marker) in separate 
analyses. If significant (p < 0.10), the additive effect of the main predictor centered at differ-
ent percentiles (10th, 25th, 50th, 75th and 90th) and the inflammatory marker centered at differ-
ent percentiles on cognitive functioning was tested. Predictors and inflammatory markers were 
centered to test for significance of the main effects at these different levels and thus improve 
interpretability. Given the rigid criteria applied to the IL-6 ELISA, dichotomization around the 
detection limit of 5.0 pg/mL was considered the best strategy for further analyses of the modify-
ing effect of IL-6. Thus, if a significant interaction with IL-6 was found, the effect of the main 



Table 1 Baseline characteristics of subjects with longitudinal data on cognitive functioning
Characteristic Total sample (N = 1,003)
Age, years, mean (SD) 75.01 (6.39)
Female, % (N) 53.1 (533)
Education, years, mean (SD) a 9.03 (3.28)
Total cholesterol, mmol/L,  median (IR) 5.60 (5.00 – 6.40)
HDL cholesterol, mmol/L,  median (IR) 1.25 (1.03 – 1.60)
LDL cholesterol, mmol/L,  median (IR) a 3.60 (3.10 – 4.30)
Triglycerides, mmol/L, median (IR) 1.30 (1.00 – 1.80)
ACT, % of NHP, median (IR) a 156.00 (133.00 – 183.00)
CRP, μmol/mL, median (IR) a 2.85 (1.40 – 6.10)
IL-6, pg/mL, median (IR) a 1.90 (1.10 – 3.10)
ApoE e4, % (N) a 25.8 (258)
Depressive symptoms, mean (SD) a 7.90 (7.60)
Hypertension yes, % (N) a 56.00 (557)
Diabetes mellitus yes, % (N) 7.70 (77)
Cardiovascular disease, % (N) 28.60 (287)
Rheumatic disease, % (N) a 10.70 (107)
Atherosclerosis, % (N) a 11.80 (118)
Use of anti-inflammatory medication, % (N) a 26.80 (268)
Physical activity (minutes/day), median (IR) a 143.85 (86.61 – 210.00)
Body mass index, mean (SD) a 26.80 (4.06)
Smoking, % (N) a No 36.90 (370)

Former 45.80 (459)
Current 17.30 (173)

Alcohol consumption, % (N) a No 23.10 (231)
Middle 67.10 (672)
High 9.90 (99)

MMSE, mean (SD) 27.14 (2.56)
Immediate recall, mean (SD) a 8.31 (2.53)
Information processing speed, mean (SD) a 23.69 (7.01)

a Missing values. IR interquartile range; ACT α1-antichymotrypsin; NHP normal human plasma pool; CRP 
C-reactive protein; IL-6 Interleukin-6; LDL low-density lipoprotein; HDL high-density lipoprotein; ApoE 
Apolipoprotein E; MMSE Mini-Mental State Examination.

119

Lipoproteins, inflammation and cognitive decline

predictor was studied in both high (> 5.0 pg/mL) and low IL-6 (≤ 5.0 pg/mL). If a significant 
modifying effect was not found, the inflammatory markers were added to the model one by one 
to test for potential confounding.



Table 2 Associations between baseline levels of lipoproteins, triglycerides, and cognitive function-
ing over 6 years of follow-up

Ln-transformed 
MMSE

Immediate 
recall

Information pro-
cessing speed

Total study sample N = 1,003 N = 942 N = 923
B p value B p value B p value

Time adjusted models
HDL cholesterol - 0.16 .000 0.75 .000 1.75 .001

HDL x time 0.061 .025 - - - -
LDL cholesterol centered at p10 - 0.16 .000 0.55 .001 1.94 .000
LDL x LDL 0.032 .005 - 0.097 .049 - 0.50 .001
LDL x time - - - - 0.21 .008
Triglycerides 0.068 .094 - .269 .122 - 0.89 .084
Fully adjusted models
HDL cholesterol - 0.074 a .083 0.35 b .026 0.80 a .072
HDL x time 0.060 .027 - - - -
LDL cholesterol centered at p10 - 0.11 c .001 0.24 b .082 1.42 c .000
LDL x LDL 0.022 .029 - 0.064 .123 - 0.38 .001
LDL x time - - - - 0.21 .009
Triglycerides 0.018 d .611 - 0.19 e .202 - 0.47 f .277

a Adjusted for time, age, sex, education, alcohol; b Adjusted for time, age, sex, education; c Adjusted for 
time, age, education; d Adjusted for time, age, sex, education, alcohol, Apolipoprotein e4, body mass index; 
e Adjusted for time, age, sex, education, alcohol, body mass index; f Adjusted for time, age, education, alco-
hol, body mass index. B Unstandardized regression coefficients; ln natural log transformation; MMSE Mini-
Mental Status Examination; HDL high-density lipoprotein; LDL low-density lipoprotein; p10 10th percentile
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 In addition, analyses were repeated after exclusion of persons with CVD at baseline or 
follow-up to study the mediating effect of CVD on the associations between lipoproteins, 
triglycerides, inflammation and cognition.

Results
In Table 1 the baseline characteristics of the study sample with data on cognitive functioning on 
at least two occasions are shown. 

Main effects
Table 2 shows the results of the longitudinal analyses in which the associations between HDL 
and LDL cholesterol, triglycerides and cognitive functioning were studied in the total study 
sample. 



Figure 2 Six-year cognitive decline according to level of high-density lipoprotein (HDL) cholesterol
Model adjusted for time, age, sex and education. 
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HDL cholesterol
In the time-adjusted models a significant positive association between baseline HDL cholesterol 
and performance on immediate recall and information processing speed was found. On the 
ln-transformed MMSE score a significant negative main effect of HDL cholesterol and posi-
tive interaction between HDL cholesterol and time was found. This latter result indicates that 
although a higher level of HDL cholesterol was initially associated with better general cognitive 
performance, this positive effect decreased over time and lost significance. With respect to the 
association with immediate recall and information processing speed, no significant interaction 
between HDL cholesterol and time was found. After adjustment for all relevant confounders, 
the association between HDL cholesterol and information processing speed lost significance. 
The positive association between HDL cholesterol and immediate recall remained significant 
after adjustment. Figure 2 shows the trajectory of immediate recall over time according to HDL 
cholesterol level. The results indicate that a higher level of HDL cholesterol was significantly 
associated with a higher score on immediate recall over six years of follow-up, independently 
of relevant confounders.
 After adjustment for relevant confounders, the interaction between HDL cholesterol and 
time remained significant, while the main effect of HDL cholesterol on the ln-transformed 
MMSE score lost significance (see Table 2).

LDL cholesterol
The results (see Table 2) show a significant negative non-linear association between LDL cho-
lesterol and the ln-transformed MMSE score and a significant positive non-linear association 
between LDL cholesterol and immediate recall and information processing speed. Furthermore, 
a significant positive interaction between LDL cholesterol and time was found on the association 
with information processing speed. After additional adjustment, the association between LDL 
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Figure 3 Six-year cognitive decline according to level of low-density lipoprotein (LDL) cholesterol
Models adjusted for time, age and education. (A) Information processing speed. (B) Mini-Mental State Ex-
amination (MMSE) score.
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cholesterol and immediate recall lost significance. The associations between LDL cholesterol 
and the ln-transformed MMSE score and information processing speed remained significant. 
In Figure 3, the association between LDL cholesterol and cognitive functioning as indicated by 
scores on the MMSE and information processing speed is shown. The results indicate that lower 
LDL cholesterol was independently associated with a lower level of general cognitive perfor-
mance and information processing speed. In addition, lower LDL cholesterol was independently 
associated with faster decline on information processing speed. The association between LDL 
cholesterol and cognitive functioning lost significance in levels above the median of LDL cho-
lesterol. More specifically, in the models predicting general cognitive information and decline in 
information processing speed a threshold effect was found of 4.2 and 3.8 mmol/L respectively, 
above which the main effect of LDL cholesterol lost significance.

Triglycerides
No significant association between level of triglycerides and cognitive functioning was found in 
both the time- and fully adjusted models (see Table 2).

Modifying effect of inflammation
HDL cholesterol
Examining the modifying effect of inflammation in the fully adjusted models, no significant 
interaction between HDL cholesterol and inflammation was found (data not shown). 

LDL cholesterol
Overall, the results indicate a significant modifying effect of inflammation on the associations 
between LDL cholesterol and cognitive functioning. More specifically, a significant interaction 
between LDL cholesterol and ACT as well as CRP was found on the association with general 
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Figure 4 Six-year cognitive decline according to level of low-density lipoprotein (LDL) cholesterol and in-
flammation
(A and B) MMSE score; model adjusted for time, age, sex and education; (C and D) Immediate recall; model 
adjusted for time, age and education. ACT α1-antichymotrypsin; CRP C-reactive Protein; MMSE Mini-Men-
tal State Examination.
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cognitive performance and immediate recall. Figure 4 shows this additive effect of LDL cho-
lesterol and respectively CRP and ACT on general cognitive performance and immediate recall. 
The negative effect of low LDL cholesterol on cognitive functioning (MMSE, immediate recall) 
was strongest in high levels of ACT and CRP and was associated with the lowest level of cogni-
tive performance.

 Furthermore, a significant interaction between LDL cholesterol and IL-6 was found with 
respect to memory performance. However, the main effect of LDL cholesterol on immediate 
recall was not significant in either low or high IL-6 (data not shown).

Triglycerides
A significant interaction was found between level of triglycerides and ACT as well as CRP with 
respect to the association with immediate recall. Figure 5 shows the modifying effect of inflam-
matory markers ACT and CRP on the association between triglycerides and immediate recall. 



Figure 5 Six-year cognitive decline according to level of triglycerides and inflammation
Models adjusted for time, age, sex, education, alcohol, and body mass index. (A and B) Immediate recall. 
ACT α1-antichymotrypsin; CRP C-reactive protein; Trigl triglycerides.
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The results show the strongest negative association between triglycerides and level of immedi-
ate recall in high ACT or CRP. This indicates that a higher level of triglycerides was associated 
with worse cognitive functioning in high levels of inflammation.
 Also, a significant interaction was found between triglycerides and IL-6 with respect to the 
association with information processing speed. However, the main effect of triglycerides on 
information processing speed was not significant in either low or high IL-6 (data not shown). 
 Finally, the results show a significant interaction between triglycerides and CRP on the 
association with the ln-transformed MMSE score. Further analyses indicate a borderline signifi-
cant (p = 0.052) negative effect of high triglycerides on general cognitive performance in high 
levels of CRP (90th percentile).

Sensitivity analyses
To study whether CVD was a significant mediator of the associations between LDL and HDL 
cholesterol, triglycerides and cognitive functioning, analyses were repeated in the sample ex-
cluding persons with CVD at baseline or follow-up (N = 516). The results show no substantial 
change in the unstandardized B of HDL cholesterol and triglycerides with respect to the associa-
tion with cognitive functioning. The strength of the association between LDL cholesterol and 
cognitive functioning (general cognitive performance, immediate recall) increased significantly. 
This indicates that the associations found could not be explained by the presence of CVD. 
Furthermore, exclusion of persons with CVD did not substantially change the strength of the 
modifying effect of inflammation on the associations between the lipoproteins, triglycerides and 
cognitive functioning or strengthened the associations found. This indicates that CVD could not 
explain the additive effect of lipoproteins, triglycerides and inflammation found on cognitive 
functioning.
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Discussion
In the present longitudinal study we have studied the associations between HDL and LDL cho-
lesterol, triglycerides and cognitive functioning over six years of follow-up and focused on the 
modifying effect of inflammation on these associations in persons aged 65 years and older. We 
showed a significant independent non-linear association between lower LDL cholesterol and a 
lower level of general cognitive performance and information processing speed, and a faster rate 
of decline on information processing speed. The positive effect of higher LDL cholesterol on 
general cognitive performance and information processing speed showed a threshold effect and 
was significant only at levels ≤ 4.2 mmol/L and 3.8 mmol/L, respectively. In addition, a signifi-
cant modifying effect of inflammation was found. Older persons with both low LDL cholesterol 
and high ACT or CRP performed worst on the MMSE and immediate recall. Furthermore, we 
showed that higher HDL cholesterol was independently associated with better memory perfor-
mance. Finally, although the results showed no significant independent association between 
triglycerides and cognitive functioning, a significant interaction between triglycerides and in-
flammation was found with respect to memory performance. It was shown that persons with 
both high levels of triglycerides and high levels of CRP or ACT had the lowest level of memory 
performance.

LDL cholesterol
The results from the current study are partially in line with the findings in the Prospective Study 
of Pravastin in the Elderly at Risk (PROSPER) which showed that persons with lower LDL 
cholesterol performed worse on a task measuring information processing speed (Packard et al., 
2007). However, in their study no significant association with decline on information process-
ing speed was detected. This may be explained by a lack of power due to the definition of the 
outcome measure, i.e. cognitive change score. In addition, the current findings are in agreement 
with the results from another prospective study in which it was shown that higher LDL choles-
terol as well as an increase in LDL cholesterol in the previous three years were predictive of 
better performance on immediate recall in healthy women aged 52-63 years (Henderson et al., 
2003). In contrast, several other longitudinal studies showed an opposite effect on cognitive 
functioning (Yaffe et al., 2002), cognitive decline in dementia (Helzner et al., 2009) and risk of 
dementia with stroke (Moroney et al., 1999). Helzner et al. (2009) concluded that higher levels 
of LDL cholesterol measured before dementia diagnosis, were associated with faster cognitive 
decline in persons with AD. However, although they found a significant negative interaction 
between LDL cholesterol and time, the main effect of LDL cholesterol on cognitive functioning 
was not significant. Furthermore, several other longitudinal studies failed to find a significant 
independent association between LDL cholesterol and dementia risk (Reitz et al., 2004; Romas 
et al., 1999; Yoshitake et al., 1995) or cognitive decline (Reitz et al., 2005). These conflicting 
findings could be due to differences in methods of data analysis and outcome. Previous longi-
tudinal studies dichotomized LDL cholesterol (Reitz et al., 2005), analyzed LDL cholesterol 
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in quartiles (Moroney et al., 1999; Reitz et al., 2004; Romas et al., 1999; Yaffe et al., 2002) 
or studied continuous LDL cholesterol assuming a linear association (Helzner et al., 2009;  
Moroney et al., 1999; Reitz et al., 2004; Romas et al., 1999), while we found a non-linear as-
sociation. In addition, in the current study mixed linear models were used to predict cognitive 
functioning, while in most longitudinal studies Cox proportional hazards analyses were used 
with age at onset of VaD or AD (Moroney et al., 1999; Reitz et al., 2004; Romas et al., 1999) 
or person-years to incidence (Yoshitake et al., 1995) as the outcome measure. In the study by 
Reitz et al. (2005) differences in rate of change in cognitive score depending on lipid level 
were analyzed by means of generalized estimating equations. However, LDL cholesterol was 
dichotomized at the median and at cutoff based on the normal limit (i.e. 4.14 mmol/L), while the 
findings in our study showed a ceiling effect of 3.8 - 4.2 mmol/L, above which the main effect 
of LDL cholesterol was no longer significant.
 It has been proposed that decreased total cholesterol in late-life is a marker for decline 
in general health status (Brescianini et al., 2003; Stewart et al., 2007) and for early processes 
that reflect neurodegenerative changes and represents a risk marker for dementia and cognitive 
decline (Solomon et al., 2007; Stewart et al., 2007). The current finding that lower LDL choles-
terol is an independent predictor of lower general cognitive performance and faster decline on 
information processing speed is in line with this hypothesis.
 Interestingly, the present prospective study showed an additive negative effect of low LDL 
cholesterol and high levels of inflammation (ACT and CRP) on general cognitive performance 
and memory performance. To our knowledge, the moderating effect of inflammation on the as-
sociation between LDL cholesterol and cognition has not been previously studied. It has been 
suggested by Lehtimäki et al. (2005) that because CRP binds to Apolipoprotein B-containing 
lipoproteins in nonagenarians with high CRP concentrations (Bhakdi et al., 1999; Taskinen et 
al., 2002), CRP might effectively combine with LDL cholesterol particles to form a rapidly 
catabolized complex (Cabana et al., 1989), resulting in decreased levels of LDL cholesterol.

HDL cholesterol
The present study showed a prolonged positive effect of higher HDL cholesterol on memory 
performance. This result is consistent with the findings from most cross-sectional studies in 
which a protective effect of HDL cholesterol was found on hippocampal volume (Wolf et al., 
2004), dementia risk (Bonarek et al., 2000; Van Exel et al., 2002) and cognitive functioning 
(Atzmon et al., 2002; Merched et al., 2000; Van Exel et al., 2002). In contrast, results from the 
Heart and Estrogen-Progestin Replacement Study (HERS), which consisted of women with 
coronary heart disease who had all undergone a hysterectomy and were either receiving hor-
mone replacement treatment or a placebo, showed no significant association between HDL cho-
lesterol and cognitive functioning at the time of blood-sampling (Yaffe et al., 2002). In addition, 
another study showed that neither baseline levels of HDL cholesterol nor a change in HDL 
cholesterol were significantly associated with memory performance at the eight-year follow-up  



127

Lipoproteins, inflammation and cognitive decline

measurement (Henderson et al., 2003). These conflicting results might be explained by the dif-
ferences in sample characteristics. Furthermore, we found no main effect of HDL cholesterol on 
rate of cognitive decline. This is in line with the results from previous longitudinal studies show-
ing no association between HDL cholesterol and risk of MCI (Reitz et al., 2008) or changes in 
cognitive functioning (Packard et al., 2007; Reitz et al., 2005). In contrast to our expectations, 
no significant modifying effect of inflammation on the associations between HDL cholesterol 
and cognitive functioning was found.

Triglycerides
In the present study no significant associations were found between triglycerides and cognitive 
decline. This in line with most previous studies in which no significant associations were found 
between triglycerides and dementia (Hall et al., 2006; Reitz et al., 2004; Romas et al., 1999) or 
cognitive decline (Reitz et al., 2005; Yaffe et al., 2002). Still, some have found an association 
between high triglyceride levels and cognitive decline (De Frias et al., 2007) and poorer cogni-
tive functioning (Perlmuter et al., 1988; Sims et al., 2008). However, we found a significant 
modifying effect of inflammation on the association between triglycerides and memory per-
formance. It was shown that higher triglycerides levels were associated with worse memory 
performance over six years of follow-up, only in persons with high CRP and ACT. Previously, 
studies have shown that in subjects with insulin-resistance syndrome, the acute-phase response, 
including high CRP, occurs in parallel with increased triglycerides and decreased HDL cho-
lesterol (Pickup et al., 1997; Yudkin et al., 1999). Also, it has been shown that persons with 
MetS, of which high triglycerides and also low HDL cholesterol are components, and elevated 
levels of inflammation have an increased risk of VaD (Solfrizzi et al., 2010), non-amnestic MCI  
(Roberts et al., 2010) and cognitive decline (Yaffe et al., 2004), and show worse cognitive func-
tion (Dik et al., 2007), compared to those with MetS and without elevated inflammation.

Strengths and limitations
The main strength of the present study is that longitudinal data from a large population-based 
study were used. The trajectory of cognitive functioning based on tests most sensitive to ag-
ing was analyzed, studying performance on three occasions over six years of follow-up. To 
our knowledge, this is the first study focusing on the modifying effect of inflammatory mark-
ers ACT, CRP and IL-6 on the associations between lipoproteins, triglycerides and cognitive 
functioning. The results from the current study implicate that future research should further 
investigate the interaction between lipids, lipoproteins and inflammatory markers with respect 
to cognitive decline and dementia.
 As inflammation and adverse lipid levels are known risk factors for CVD, which in turn 
have been shown to be associated with dementia and cognitive decline (Stampfer, 2006), analy-
ses were repeated after exclusion of persons with CVD at baseline or follow-up to analyze the 
mediating effect of CVD on the associations studied. These sensitivity analyses showed that 
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CVD could not explain the associations found in the present study. Although we have repeated 
all analyses after exclusion of prevalent or incident heart disease, stroke and peripheral artery 
disease, the possible influence of subclinical CVD on the associations found could not be fully 
excluded.
 A number of limitations need to be addressed. First, levels of lipoproteins, triglycerides and 
inflammatory markers were determined only at baseline. This may have led to measurement er-
ror and an underestimation of the strength of the associations found. Also, it was not possible to 
study whether a change in lipid levels and inflammation was associated with cognitive decline. 
Furthermore, the frailest persons with lower scores on cognitive testing refused blood sampling. 
Also, persons who were lost to follow-up had significantly higher levels of inflammation, lower 
levels of LDL cholesterol and cognitive functioning compared to those who remained in the 
study. This may have led to an underestimation of the strength of the associations found. In 
addition, a possible limitation of the current study is that a direct method of measuring LDL 
cholesterol was not available and LDL cholesterol levels were therefore calculated using the 
Friedewald formula (Friedewald et al., 1972). We can not exclude the possibility that this may 
have led to a certain degree of inaccuracy in LDL cholesterol levels, as has been suggested in 
some previous studies (Jun et al., 2008; Scharnagl et al., 2001). 
 Finally, the possibility that dementia pathology may have led to a change in lipid and in-
flammation levels can not be dismissed. In LASA a formal dementia diagnosis is not available. 
However, persons showing persistent cognitive decline, defined as clinically significant cogni-
tive decline over three years of follow-up (> 2 SD below the average cognitive decline) and 
continued to decline during the subsequent years, were identified. Most subjects with persistent 
cognitive decline were likely to have developed dementia (Van den Kommer et al., 2008). In our 
current sample, only two persons were identified with persistent cognitive decline at the time of 
blood sampling, reducing the danger of reverse causality substantially.

Conclusion
In sum, the present longitudinal population-based study showed that low HDL cholesterol as 
well as low LDL cholesterol were independent predictors of prolonged lower cognitive func-
tioning. Furthermore, the lowest level of general cognitive performance and memory perfor-
mance was found in persons with both low LDL cholesterol and high levels of inflammation as 
indicated by CRP or ACT. In addition, persons with both high levels of triglycerides and high 
levels of inflammation showed the lowest level of memory performance. The present findings 
implicate that a combination of low LDL cholesterol and high inflammation as well as high 
triglycerides and high inflammation may be used as markers predictive of prolonged cognitive 
impairment.
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