
The Influence of the Blood Lipid-Lipoprotein Profile on Psychological Well Being

Introduction

Cholesterol is an organic steroid alcohol abundant in mammalian cell membranes (Saher et al., 2005).  In addition to maintaining cell structures, cholesterol modulates the cell’s permeability (Yeagle, 1991), facilitates intracellular transport (Maxfield & Wüstner, 2002), has been implicated in cell signaling cascades (Ramprasad et al., 2007), is a biochemical precursor in the synthesis of compounds such as bile, vitamin D, and steroid hormones (Berg at al., 2002), and is critical to nerve conduction (Saher et al., 2005).

Although cholesterol is clearly appropriated for use in a variety of biological systems, its concentration in the central nervous system (CNS) is higher than that of any other human tissue, with 23% of the whole body pool residing there (Dietschy & Turley, 2004).  The specific CNS tissue in which cholesterol is most concentrated is the myelin.  70% of the dry weight of myelin is composed of lipids, with cholesterol constituting more than 25% of that mass, relative to less than 20% of other plasma membranes (Morell & Jurevics, 1996).

When cholesterol was found to have such a robust presence in the CNS, it was arraigned by neuroscientists and physiologists alike for its potential role in phenomena beyond cardiovascular disease (CVD).  Researchers began to examine the possible involvement of plasma cholesterol in the maturation of the childhood brain as well as its influence upon psychological wellbeing in the mature brain (Dietschy & Turley, 2004).

Among adults, the findings that link plasma cholesterol to measures of psychological wellbeing have been contradictory and inconclusive.  Assessing total cholesterol (TC), Steegmans et al. (2000) found a positive relationship with psychological well being, Ledochowski et al. (2003) found a negative relationship, and Brown et al. (1994) found no correlation at all.  Moreover, these inconsistencies are not new.  In 1969, Jenkins et al. found elevated TC to be associated with positive personality traits whereas Oxenkrug et al. (1983) found no correlation between TC and emotional states.

This ongoing lack of concurrence can be partly attributed to the lack of an established definition of “psychological wellbeing.”  While the sum of human flourishing encompasses more than the mere absence of disease, mental health research often fails to integrate this breadth.  Wellbeing is frequently expressed as a vague sense of life satisfaction estimated through self-report questionnaires that assess the severity of negative mood states such as aggression, anxiety, and depression (Steegmans et al., 2000; Suls & Bunde, 2005; Virkkunen & Penttinen, 1984).  At present, depression remains the most common indicator of wellbeing as it relates to cholesterol levels; one reason being its more refined diagnostic criteria (Kramek et al., 2010; APA, 2000).

In response to the incomplete and often vacillating definition, organizations such as the National Institute of Mental Health (NIMH) have positioned themselves as arbiters of the question: what is psychological wellbeing?  The NIMH (2012) proposed a more accurate answer would incorporate one’s happiness or depression, anxiety, general hostility, stress levels, various expressions of mood, and inclinations toward aggression (NIMH, 2012).  While this system of classification remains imprecise, it’s a constructive movement toward encompassing more of the central tenets of human flourishing.

Despite this effort, several researchers have jettisoned the subjective approach entirely, attempting to link TC with objective outcomes such as suicide attempts (Olié et al., 2011) and incidence of violent crime (Golomb, 1998).  Others have investigated the relationship between TC and a predisposition for cognitive decline (Anstey et al., 2008) as well as various measures of intelligence such as abstract reasoning and concentration (Elias et al., 2005).  

Although cholesterol’s role in each of these lacks a consistent verdict, the data do show apparent trends.  Numerous researchers have found low levels of TC to associate with elevated risk of suicide (Engelberg, 1992; Garland et al., 2000; Kunugia et al., 1995; Olié et al., 2011) while fewer have found no correlation (Pekkanen et al., 1989; Smith et al., 1990).  Most studies support the association between low TC levels and increased participation in violent crime (Golomb et al., 2000; Jacobs et al., 1992) while fewer have found no correlation (Cummings & Psaty, 1994; New, et al., 1999).  Anstey et al. (2008) found high midlife TC to associate with an elevated risk of Alzheimer’s among 14,331 subjects, while Tan et al. (2003) found no associations among 5,209 subjects.   And the findings among measures of intelligence vary wildly depending on gender and the tests administered (Benton, 1995; Muldoon et al., 1997), but typically support a positive relationship between TC and cognitive performance (Elias et al., 2005).

Other researchers have looked beyond TC, instead assessing the different components of the blood lipid-lipoprotein profile: high-density lipoproteins (HDL), low-density lipoproteins (LDL), and triglycerides.  Much like the previous findings, these tend to be characterized more by inconsistency than accord.

Olusi & Fido (1996) reported a negative relationship between HDL levels and psychological wellbeing while Lehto et al. (2010) and Koponen et al. (2008) both reported positive relationships.  With LDL levels, Strick et al. (2002) reported a positive relationship with psychological wellbeing while Muldoon et al. (2000) reported no relationship at all.

Plasma triglyceride levels appear to be the only variable unattached to a debate.  Three studies (Elovanio et al., 2010; Fowkes et al., 1992; Glueck et al., 1993) have found elevated triglycerides to correlate with reduced psychological well being.  There appears to be no finding that suggests the opposite.  One potential explanation is the association with triglycerides and obesity, and in turn, obesity with depression (Elovanio et al., 2010).  Another explanation was proposed by Stoney et al. (2002), who found acute psychological distress to reduce plasma clearance of triglycerides.

A possible mechanism to explain associations between TC and psychological wellbeing is through alterations in the transmission of serotonin (Chattopadhyay et al., 2007), a mood-enhancing neurotransmitter (Young, 2007).  Low serum levels of TC appear to reduce the availability of free cholesterol surrounding the serotonin receptors.  Such a reduction would precipitate an increase in the fluidity of the lipid membranes, which would in turn affect the brain’s ability to metabolize the neurotransmitter (Engelberg, 1992).  The consequent reduction in serotonin levels would likely correspond to depression, aggressive tendencies, and an elevated risk of suicide (Steegmans et al., 2000).

The present study assessed whether there was an association between the blood lipid-lipoprotein profile and psychological well being among a large sample of healthy men (n=74) and women (n=73) age 20-76 yr.  To evaluate this relationship, the entire blood lipid-lipoprotein profile was compared to a general measure of psychological well being as well as a specific assessment of depression.  The results of this study are intended to provide researchers and clinicians with helpful information concerning the prevention, diagnosis and treatment of dyslipidemia and poor psychological wellbeing.  


Methods

The data presented are a subset of a larger NIH funded study titled “The Effects of Statins on Muscle Performance” (STOMP) (NIH R01HL081893-01A2).  Data collection for STOMP took place at University of Massachusetts, Amherst, MA, University of Connecticut, Storrs, CT, and Hartford Hospital, Hartford, CT.  The experimental design was approved by the institutional review boards of all three test sites.  STOMP was a double-blind investigation of the effects of statins on skeletal muscle performance and incidence of muscle pain (Thompson et al., 2010).

Subjects

The STOMP study recruited 220 men and 220 women, divided into equal age groups of 20-39, 40-54, and 55+ yr.  Participants were healthy as determined by a set of inclusion/exclusion criteria.  Individuals on antihypertensive medication were included providing they had adhered to their prescription for a minimum of 3 months and had a stable blood pressure.  Subjects were excluded if they had been diagnosed with cancer in the last 5 yr, coronary artery disease, peripheral vascular disease, hyperthyroidism, hypothyroidism, diabetes, or renal disease.  Any subject who was presently on or had previously been treated with lipid lowering medications was excluded.  Exclusion criteria also extend to any subjects physically incapable of performing the muscle strength or aerobic testing protocols (Thompson et al., 2010).

Study Procedures

Subjects assigned to the experimental group were given 80 mg of daily Atorvastatin (Lipitor) while subjects assigned to the control group were given a placebo.  

All subjects visited the laboratory 6 times over approximately 6 months.  Subjects were asked to fast for 12 h prior to each visit excluding the fourth.

On the first visit (V1), fasted blood samples were drawn from the antecubital vein for determination of blood lipids-lipoproteins.  Subjects also completed a series of questionnaires: a physical activity questionnaire, 2 surveys assessing the severity of myalgia and muscle symptoms, a depression inventory, and a general well being index.  Lastly, subjects underwent a physical examination consisting of cardiorespiratory testing and several modes of strength assessment.  A physician-supervised Bruce Protocol was employed for cardiorespiratory testing with VO2 max determined using a Parvomedics TrueOne 2400 metabolic cart (ParvoMedics Corp, Sandy, UT) and a breath-by-breath method.  Strength was assessed through hand grip strength on a Jamar hand dynamometer (Sammons Preston, Inc. Bolingbrook,. IL. ABD, 60440-4989) and isometric and isokinetic strength measured on the dominant elbow and knee using a Biodex System 4 Pro isokinetic dynamometer (Biodex Medical Systems, Inc., Shirley, NY) (Thompson et al., 2010).

The second visit (V2) occurred at least 72 hr after V1.  The same cardiorespiratory and strength assessment was completed.  Subjects were also given an Actical accelerometer (Mini Mitter Company, Bend, OR, USA) and instructed to wear it for 4 consecutive days (2 week days and 2 weekend days).  The third visit (V3) occurred at least 96 hr after V2 and the subjects once again underwent the strength assessment protocol.  During V3, the subjects were randomized into the experimental or control groups and given a 3-month supply of either Atorvastatin or placebo.  During the fourth visit (V4) a non-fasted blood sample was collected and another 3-month supply of Atorvastatin or placebo was distributed.  The fifth visit (V5) took place 3 months later, during which subjects were asked to provide another 12 hr fasted blood sample and all strength and cardiorespiratory fitness tests were conducted.  The subjects were also provided with Actical accelerometers and asked to repeat the 4-day protocol.  The final visit (V6) occurred at least 96 hr after V5.  The accelerometer data were collected and the final series of strength tests were performed. 

Sub-study Procedures

This sub-study aims to answer a question the larger study was not designed to address: the influence of one’s fasted blood lipid-lipoprotein profile on psychological well being.

To answer this question, the entire blood lipid-lipoprotein profile was compared to the 2 questionnaires employed to assess psychological well being prior to the administration of either Atorvastatin or placebo.  Both questionnaires have been validated in previous studies (NIMH, 2012) and are widely used tools to assess depression (Contreras et al., 2004) and general psychological well being (Wenger et al., 1984).  All of the information used in this sub-study is based on data collected at V1.  

Lipid Profile: Blood samples were drawn from the antecubital vein with a 21-gauge butterfly needle using a 4.0 mL lithium heparin tube for lipid-lipoprotein determinations.  Samples were spun in a centrifuge (VanGuard V6500, Hamilton Bell Co., Inc., Montvale, NJ, USA) at 3400 RPM for 15 minutes.  Plasma was then aliquated into 1.0 mL criovials and stored at -80 degrees until unbinding.  Frozen samples were sent to Clinical Lab Partners (Hartford, CT) for analysis of total cholesterol, HDL cholesterol, and triglycerides. Low density lipoprotein (LDL) was later calculated with the Friedwald equation (Freidwald et al., 1972).

Beck Depression Inventory (BDI): The BDI, completed during V1, is a 21 question, multiple choice assessment of the severity of depression (Beck et al., 1961; Beck et al., 1979).  Each item on the assessment relates to a different symptom of depression: 1) mood, 2) pessimism, 3) sense of failure, 4) lack of satisfaction, 5) guilt, 6) sense of punishment, 7) self-dislike, 8) self-criticism, 9) thoughts of suicide, 10) crying, 11) irritability, 12) social withdrawal, 13) indecisiveness, 14) distortion of body image, 15) work inhibition, 16) changes in sleeping patterns, 17) fatigability, 18) changes in appetite, 19) weight loss, 20) somatic preoccupation, and 21) loss of sexual interest (Beck et al., 1988).  Each of these items receives a score between 0 and 3.  These are added together to form a composite score ranging from 0-63, with higher scores indicating more severe depression.  A score of 0-9 indicates minimal depression, 10-18 indicates mild depression, 19-29 indicates moderate depression, and 30-63 indicates severe depression (Beck et al., 1988).  Others such as Kramek et al. (2010) use different cutoffs: 0-13 indicates minimal depression, 14-19 indicates mild depression, 20-28 is moderate depression, and 29-63 is severe depression.  However, these cutoffs appear to be selected arbitrarily while those published by Beck et al. (1988) are based on clinical reports by the Center for Cognitive Therapy.  We therefore use the cutoffs provided by Beck et al. (1988).

Psychological General Well Being Index (PGWBI): The PGWBI, also completed during V1, is a 22-question multiple choice assessment of one’s general well being (Dupuy 1984).  It encompasses 6 domains: 1) anxiety, 2) depressed mood, 3) positive wellbeing, 4) self-control, 5) general health, and 6) vitality (Revicki et al., 1996).  Each question receives a score of 0-5.  The total score ranges from 0-110 with higher scores indicating greater psychological well being.  Scores of 0-60 represent severe psychological distress, scores of 61-72 represent moderate distress, and scores of 73-110 represent positive wellbeing (Chassany et al., 2004).  Other researchers such as Grossi et al. (2011) have used index scores of >85 to indicate general psychological well being while scores <70 represent psychological distress.  These scores appear to originate with a conference presentation by Sacco et al. (2009), who appear to have chosen them without a sufficient rationale.  Contrasting this, the former index scores come from the PGWBI User Manual (Chassany et al., 2004) and are the result of intensive analyses among tens of thousands of men and women from a variety of countries across a broad age group.  We therefore use these index values.

Statistical Analysis

STOMP data were compiled in an online database at Hartford Hospital.  All analyses were done using the Statistical Package for the Social Sciences Base (SPSS) 14.0 for Windows (SPSS Inc, Chicago, IL) and statistical significance was set at p<0.05.  Descriptive statistics were used to portray the mean values for all variables, represented as mean ± standard deviation (Mean ± SD).  The general characteristics between genders were compared with an independent sample t test.  Pearson product moment correlation coefficients were calculated to examine the relationship between components of the blood lipid-lipoprotein profile (mg/dL) and scores on the BDI and PGWBI.  Multivariate regressions were used to examine if age, gender, season, and waist circumference influenced the relationships among components of the blood lipid-lipoprotein profile and psychological well being. 

Results

Table 1 displays the subjects’ physical and mental health characteristics.  The sample of this sub-study (n=147) consisted of healthy men (n=74) and women (n=73).  Subjects were slightly overweight, yet had near optimal total cholesterol and LDL cholesterol levels as well as optimal triglyceride levels.  The population also exhibited a high HDL cholesterol level. Women had a significantly higher total (p<0.05) and HDL cholesterol (p<0.001) compared to men.  However, men had a larger waist circumference (p<0.001), higher BMI (p<0.05), triglyceride levels (p<0.01), Trig/HDL ratio (p<0.001), and SBP (p<0.05) than the women.  Mean values of the BDI and PGWBI are indicative of minimal depression and a positive state of well being.  The scores were not different between men and women (Table 1).




DDI validation: Hamilton psychiatric rating scale for depression.
 PGWBI: EuroQoL 5q-ed.  Severity of disease states like diabetes also
 used, but this is nonsense.  It’s been shown in study after study that
 people of comparable states of wealth and health and luck have vastly
 different subjective QOL.
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Beck Depression Inventory

BDI data were collected on 97 subjects, of which 89 (92%) had minimal depression, 6 were mildly depressed, 1 was qualified with moderate depression, and 1 was considered severely depressed.  Figure 1 illustrates the distribution of values.

Figure 1: Pie chart and bar graph illustrating the distribution of BDI values
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For continuous BDI score: General linear model.  Univariate.  Gender as a fixed factor.  Age, BMI, TC, HDL, LDL, and triglycerides as covariates.
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Logistic regression (for predicting outcome of a categorical dependent variable from continuous independent variable).  Binary for 2 outcomes.  Multinomial for more than 2.







Table 2 shows the relationship among components of the blood lipid-lipoprotein profile and BDI score.  No significant correlation was found between the BDI and any component of the blood lipid-lipoprotein profile.  Gender (β =0.211, r2=0.043, p=0.038) and BDI (β =0.142, r2=0.020, p=0.158) were able to account for 5.1% of the variance in total cholesterol levels.  In addition, gender (β =0.266, r2=0.078, p=0.007), waist circumference (β =0.404, r2=0.166, p<0.001) and BDI (β = -0.037, r2=0.002, p=0.671) accounted for 30% of the variance in HDL cholesterol levels.  A small proportion of the variance in LDL cholesterol (4.7%) was explained by age (β =0.207, r2=0.043, p=0.040) and BDI (β =0.153, r2=0.023, p=0.128).  Two factors, waist circumference (β =0.416, r2=0.174, p<0.001) and BDI (β =0.100, r2=0.012, p=0.291) accounted for 17% of the variance seen in triglycerides.  The same two factors, waist circumference (β =0.469, r2=0.223, p<0.001) and BDI (β =0.081, r2=0.008, p=0.380), explained 21% of the variance in the triglyceride/HDL ratio.  (Table 2).  



TABLE 2











Psychological General Well Being Index:

PGWBI data were collected on 147 subjects, of which 132 (90%) had positive wellbeing, 11 were under moderate distress, and 1 was qualified as severely distressed.  Figure 2 illustrates the distribution of values.

Figure 2: Pie chart and bar graph illustrating the distribution of PGWBI values
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Table 3 displays the relationship among components of the blood lipid-lipoprotein profile and score on the Psychological General Well Being Index.  No significant correlation was found between the PGWBI and any of the blood lipid-lipoprotein profile components (Table 3).  A small proportion of the variance in total cholesterol (8.4%) was explained by gender (β =0.161, r2=0.028, p=0.044), age (β =0.271, r2=0.076, p=0.001), and PGWBI score (β =0.042, r2=0.002, p=0.593).  Three factors explained 28% of the variance in HDL cholesterol scores; gender (β =0.329, r2=0.106, p<0.001), waist circumference (β = -0.310, r2=0.075, p<0.001) and PGWBI (β =0.033, r2=0.002, p=0.648).  Age (β =0.338, r2=0.114, p<0.001) and PGWBI (β =0.030, r2=0.001, p=0.703) accounted for 10% of the variance in LDL cholesterol.  Waist circumference (β =0.392, r2=0.152, p<0.001) and PGWBI (β =0.004, r2=0.000, p=0.956) were able to explain 14% of the variance in triglyceride levels.  The same two factors, waist circumference (β =0.399, r2=0.158, p<0.001) and PGWBI (β = -0.006, r2=0.000, p=0.941) accounted for 15% of the variance in the triglyceride/HDL ratio.  (Table 3).  
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Table 1: Subject Characteristics (Mean + SD)

Characteristics Total (N-147)  Men (N=74) Women (N=73)
Age () 524=148 51.9=13.1 52.9= 164
Waist Circumference () 89.8 14.4 96.24 13.6%* 831119
BMI 269448 27.944.8* 259447
SBP (mmHg) 120.5+13.2 123.1212.9% 117.8+13.0
DBP (mmHg) 75.8+9.4 77.2£9.0 74.3+9.7
MAP (mmHg) 90.7£9.5 95.5+8.8 88.8+9.9
VO;max (ulkg/min) 31.1£8.9 3494814 273479
TC (mg/dL) 206.5+36.5 200.4230.5% 2126410
HDL (ng/dL) 59.8+£17.8 SL5£12.7%+ 68.3£18.3
LDL (mg/dL) 124.8+33.7 1243229.1 12542379
Triglycerides (mg/dL) 110.8+54.2 122.7+7.0% 98.8+5.2
TC/HDL (mg/dL) 3712 41£20 3312
Trig/HDL (mg/dL) 22417 2.740.2%* 17£0.1
PGWBI 89.5+123 90.1£11.5 89.0+13.0
BDI 4451 3.9+52 5.0£4.9
N=97) (N=49) (N=48)

BMI = Body Mass Index; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; MAP
—Mean Arterial Pressure; TC = Total Cholesterol; HDL = High Density Lipoprotein: LDL =
Low Density Lipoprotein; BDI = Beck Depression Inventory; PGWBI= Psychological General

Well Being Index

#p<0.05 **p<0.01 Men vs. Women




