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A B S T R A C T   

Background: Schizophrenia is considered to occur due to both environmental and genetic factors. Depressive 
symptoms and apolipoprotein E (APOE) gene polymorphisms are involved in the pathogenesis of schizophrenia. 
However, the effect of APOE gene polymorphism on depressive symptoms has never been investigated among 
Chinese elderly schizophrenia patients. 
Objective: This cross-sectional study aimed to determine the effect of APOE gene polymorphism on blood lipid 
metabolism and depressive symptoms among elderly schizophrenia patients. 
Method: A total of 301 elderly schizophrenia patients (161 males, age ranges from 60 to 92 years, with an average 
age of 67.31 ± 6.667) were included in the study. Depressive symptoms were assessed using the Geriatric 
Depression Scale (GDS). APOE gene polymorphisms were determined by polymerase chain reaction (PCR). 
Correlations between GDS and serum low-density lipoprotein (LDL) levels with APOE genotypes were assessed. 
Results: The concentration of LDL in the APOE E2 group was significantly lower than those in the APOE E3 and 
APOE E4 groups, and the GDS scores in the APOE E2 and APOE E3 groups were higher than those in the APOE E4 
group. Using partial correlation analysis and controlling the duration of disease and hyperlipidemia, we found 
that GDS scores were significantly correlated with LDL (r = − 0.179, p = 0.025). 
Conclusions: The APOE E2 genotype is associated with more depressive symptoms and lower serum LDL in elderly 
Chinese schizophrenia patients, and there is a negative correlation between depressive symptoms and LDL.   

1. Introduction 

Schizophrenia is a severe chronic mental disorder, affecting 
approximately 1% (Purcell et al., 2009) of the general population 
worldwide, and characterized by a symptomatology that includes posi-
tive symptoms, such as hallucinations, delusions, and thought disorder; 
negative symptoms, such as alogia, anhedonia, avolition, and blunted 
effect; as well as cognitive deficits (Andreasen and Grove, 1986). 
Recently, schizophrenia is not considered as a single disorder, but as a 
group of conditions with manifestations common to other psychiatric 
and non-psychiatric disorders (Tomasik et al., 2016). This disorder is 
highly debilitating, leading to an average loss of 15–20 years of life 
expectancy when compared to the general population (Mangalore and 
Knapp, 2007). Previous studies have identified neuroanatomical dif-
ferences in patients as well as susceptible genes that increase the risk of 

developing psychiatric disorders (Chubb et al., 2008; Kreczmanski et al., 
2007). Family, twin, and adoption studies also suggest that genetic 
factors are involved in the etiology of schizophrenia (Kohn and Lerer, 
2002). Therefore, schizophrenia is thought to occur as a result of both 
environmental and genetic factors (Tsuang, 2000; Riley and McGuffin, 
2000). 

According to Harvey’s study (Harvey et al., 2018), 69.9% of veterans 
with schizophrenia reported a lifetime history of suicidal ideation or 
behavior. Similar to the acute phase, depressive symptoms also 
accompany the chronic phase of schizophrenia (Rahim and Rashid, 
2017). Depressive symptoms have been shown to increase mortality 
rates in patients with schizophrenia by contributing to the alarmingly 
high rates of suicide (Gregory et al., 2017). Furthermore, they have also 
been found to be associated with impairments in the quality of life, so-
cial and vocational functioning, and an increased risk of relapse 
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(Tollefson and Andersen, 1999). Since depressive symptoms are already 
apparent at an early stage, it is difficult to identify them either as a 
complication of or as a part of the phenomenon of schizophrenia (Rahim 
and Rashid, 2017). Therefore, assessing symptoms of depression has 
become increasingly important and interesting in the past years in 
schizophrenia research (Conley, 2009). 

Various physiological factors increase the risk of depressive symp-
toms or depression, including lipid metabolism and genetic variations 
related to lipids (Elovainio et al., 2005). A potential genetic variant 
affecting lipid metabolism symptoms is the Apolipoprotein E (APOE) 
gene. APOE is critical in the modulation of phospholipid and cholesterol 
transport between cells, and it is also believed to play a significant role 
in neuronal growth and repair (Kimura et al., 1997). Human APOE is a 
polymorphic protein, including APOE E2, E3, and E4, which are encoded 
by three alleles, ϵ2, ϵ3, and ϵ4, respectively (Farrer et al., 1997). Among 
them, APOE E3 is the most common variant in the normal population 
and has the most fully functional allele of the three alleles (Martins et al., 
1995); ϵ4 carriers are considered to have a high risk of developing 
Alzheimer’s disease (AD) (Ward et al., 2012); and the APOE E2 variant is 
the major common protective variant for late-onset Alzheimer’s disease 
(Bertram et al., 2007), in contrast with APOE E4. In addition, when 
compared with E3 homozygotes, APOE E2 has been proven to be asso-
ciated with increased Aβ levels and reduced p-tau levels in human ce-
rebrospinal fluid (Conejero-Goldberg et al., 2014). Due to the similar 
decline in cognitive symptoms in some patients with schizophrenia and 
Alzheimer’s disease, Harrington et al. (Durany et al., 2000) first hy-
pothesized that APOE may also play a role in schizophrenia. 

The relationship between lipid metabolism and the APOE genotype is 
extremely complex. For example, Farmer et al. (2019) found that 
apolipoprotein E4 could alter astrocyte fatty acid metabolism and lipid 
droplet formation, while other studies have also shown that individuals 
with APOE E2 can clear dietary fats from their body at a slower rate; 
therefore, they are at a higher risk for type III hyperlipoproteinemia and 
early vascular disease (Breslow et al., 1982). Many studies have been 
conducted to investigate the relationship between the APOE E4 geno-
type and schizophrenia. For example, Jonas et al. (2019) found that 
APOE E4 was associated with worsening hallucinations and delusions in 
patients with schizophrenia. Martorell et al. (2001) showed that female 
schizophrenia patients with the APOE epsilon 4 allele have a worse 
prognosis than those without it, which suggests that the APOE variant 
may modulate its phenotypic expression in a sex-dependent manner. 
Malhotra et al. (1998) also pointed out that the apolipoprotein E epsilon 
4 alleles were associated with blunting of ketamine-induced psychosis in 
schizophrenia. However, only a few studies have investigated the rela-
tionship between other APOE gene polymorphisms and schizophrenia. 
Therefore, we conducted this cross-sectional study to determine the ef-
fects of APOE gene polymorphisms on lipid metabolism and depressive 
symptoms in elderly patients with schizophrenia. 

2. Materials and methods 

2.1. Participants 

This cross-sectional study was conducted between July 1, 2019, and 
December 31, 2019, including 301 hospitalized elderly patients with 
schizophrenia (age ranges from 60 to 92 years, with an average age of 
67.31 ± 6.667; among them, 161 were males, accounting for 53.5%), 
who were recruited from Shanghai Mental Health Center. The inclusion 
criteria were as follows:1) age ≥ 60 years; 2) diagnosed with schizo-
phrenia by a senior psychiatrist according to the International Classifi-
cation of Diseases 10 diagnostic standard; 3) without major medical 
abnormalities, including unstable, acute, or life-threatening medical 
illnesses and central nervous system diseases; and 4) able to cooperate 
and complete relevant inspections. Participants with a history of major 
medical abnormalities (e.g., cancer and infection) and those who refused 
to cooperate were excluded. Through face-to-face interviews, we 

obtained general demographic data (e.g., age, education, gender, BMI, 
and duration of disease), daily living habits (smoking, drinking, drinking 
tea, physical exercise, and hobby), disease history (hypertension, dia-
betes, and hyperlipidemia), and currently prescribed medications (clo-
zapine, olanzapine, quetiapine, risperidone, and aripiprazole) of the 
participants. 

This study was approved by the Research Ethical Committee of the 
affiliated mental health center of Shanghai Jiaotong University School of 
Medicine. Written informed consent was obtained from all participants 
before the study. All research procedures were conducted in accordance 
with the principles of the Declaration of Helsinki. 

2.2. Clinical psychiatric assessment 

2.2.1. Depression evaluation 
Depression is a condition characterized by a depressed mood or loss 

of pleasure or interest in nearly all activities almost every day for at least 
2 weeks (Suwalak et al., 2015). The presence of depressive symptoms 
was determined using the Geriatric Depression Scale (GDS) (Lin et al., 
2016). The GDS consists of 30 items (hereafter referred to as the GDS- 
30), and participants are asked to answer “yes” or “no” to these items 
based on how they felt over the past week, and those with more than 10 
points are considered to have depression (Albinski et al., 2011). 

2.2.2. Psychotic symptoms assessment 
The Positive and Negative Syndrome Scale (PANSS) was used to 

assess the symptoms and severity of schizophrenia. It is a reliable and 
valid instrument that has effectively served the scientific research 
community for decades (Aboraya and Nasrallah, 2016). The PANSS in-
cludes four scales measuring positive and negative syndromes, aggres-
siveness, and general illness severity (Kay et al., 1987). Subsequent 
studies have shown that it has strong psychometric properties in terms of 
reliability, validity, and sensitivity (Rabinowitz et al., 2017). 

2.3. Neuropsychological assessment 

2.3.1. Cognitive assessment 
The Montreal Cognitive Assessment (MoCA) was used to evaluate the 

cognitive function of the participants. MoCA is a widely used 10-minute 
cognitive screening test for the detection of mild cognitive impairment 
(MCI) with a high sensitivity (90%) and specificity (87%) (Nasreddine 
et al., 2005). It has been proven to be effective in detecting cognitive 
impairment in patients with schizophrenia (Fisekovic et al., 2012). 

2.4. Genotyping of APOE and biochemical detection of blood lipids 

Genomic DNA was extracted from peripheral blood (morning fasting 
whole blood) using a blood genomic DNA extraction kit (spin column, 
Tiangen Biochemical Science and Technology Co., Ltd., Beijing, China). 
The APOE genotype was determined by multiplex amplification re-
fractory mutation system polymerase chain reaction (PCR). According to 
the methods previously described (Donohoe et al., 1999), these 301 
participants were divided into three groups: APOE E2 (ε2/ε2 and ε2/ε3, 
n = 40), APOE E3 (ε3/ε3, n = 205), and APOE E4 (ε3/ε4 and ε4/ε4, n =
56). Tables 1 and 2 provide information about the gene distribution in 
detail. The values of serum triglyceride, cholesterol, fasting blood 
glucose, low-density lipoprotein, and high-density lipoprotein were 
obtained using the hexokinase method on an auto-analyzer (Dimension 
Xpand Plus). 

3. Statistical analysis 

Continuous variables were expressed as mean ± SD, and categorical 
variables were expressed as frequencies (%). The single-sample Kol-
mogorov-Smirnov test was used to test whether the data conformed to 
the normal distribution. One-way analysis of variance (ANOVA) least- 
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significant difference (LSD) was used to compare normally distributed 
data among the APOE E2, APOE E 3, and APOE E 4 groups. The Mann- 
Whitney U test was used to compare non-normally distributed data, 
while the Chi-square test was used to compare categorical variables 
among these three groups. Partial correlation analysis was used to 
explore the association between neuropsychological tests and blood 
lipids (duration of disease and hyperlipidemia were controlled). All 
statistical analyses were performed using SPSS 22.0 (IBM Corporation, 

Armonk, NY, USA), and two-tailed tests were performed at a significance 
level of p < 0.05. 

4. Results 

Table 1 presents the results of the allele and genotype frequencies. 
The frequency of APOE E3 was greatest (68.1%), and that of APOE E2 
and APOE E4 was 13.3% and 18.6%, respectively. Table 2 shows the 
characteristics of participants with different APOE genotypes. Using the 
single sample Kolmogorov-Smirnov test, we found that the BMI (p >
0.05) was normally distributed, while age, education, duration of dis-
ease, fasting blood sugar, triglyceride, high-density lipoprotein, low- 
density lipoprotein, and MoCA, GDS, and PANSS scores (p < 0.05) 
were not normally distributed. 

Using one-way analysis of variance (ANOVA) Least Significant Dif-
ference (LSD) (Normal distribution), Kruskal-Wallis H (Non-normal 
distribution), and Chi-square test (categorical variable), we found that 
there were statistical differences in low-density lipoprotein (p = 0.001), 
GDS score (p = 0.015), and hyperlipidemia (p = 0.022) among the three 
groups, while there was no significant difference (p > 0.05) in age, ed-
ucation, duration of disease, BMI, fasting blood sugar, triglyceride, high- 
density lipoprotein, gender, hypertension, diabetes, smoker, drinker, tea 
drinker, physical exercise, hobby, clozapine, olanzapine, quetiapine, 
risperidone, aripiprazole, and MoCA and PANSS scores among the three 
groups (Table 2). The concentration of LDL in the APOE E2 group was 
significantly lower than those in the APOE E3 and APOE E4 groups, while 
there was no statistical difference between the APOE E3 and APOE E4 
groups. The GDS scores of the APOE E2 and APOE E3 groups were higher 
than those in the APOE E4 group, while there was no statistical differ-
ence in the scores between the APOE E2 and APOE E4 groups. Table 3, 
Figs. 1, and 2 show the results. Using the partial correlation analysis and 
controlling the duration of disease and hyperlipidemia, we found that 
GDS scores were significantly correlated with low-density lipoprotein (r 
= − 0.179, p = 0.025). 

5. Discussion 

To the best of our knowledge, this is the first study that investigates 
the effect of APOE gene polymorphism on depressive symptoms in 
elderly Chinese patients with schizophrenia. The study revealed several 
interesting findings: 1) the APOE E2 genotype was associated with 
depressive symptoms in elderly participants with schizophrenia; 2) the 
APOE E2 genotype was associated with lower serum low-density lipo-
protein; and 3) there was a negative correlation between low-density 
lipoprotein and depression score. 

In the present study, 301 hospitalized elderly patients with schizo-
phrenia were recruited. All participants underwent a neuropsychologi-
cal assessment (MoCA, GDS,and PANSS), APOE gene polymorphism test, 
and blood lipid test. Using the Mann-Whitney U test, we found that the 
GDS scores in the APOE E2 and APOE E4 groups were higher than those 
in the APOE E3 group, while there was no statistical difference between 
the APOE E2 and APOE E4 groups. In addition, we also found that the 
concentration of LDL in the APOE E2 group was lower than that in the 
APOE E3 and APOE E4 groups, while there was no statistical difference 
between the APOE E3 and APOE E4 groups. Using partial correlation 
analysis and controlling the duration of disease and hyperlipidemia, we 
demonstrated that GDS scores were significantly correlated with low- 
density lipoprotein (r = − 0.179, p = 0.025). 

To verify whether the above conclusions still exist in normal old 
people, we recruited 154 normal old people as healthy controls (age 
ranges from 60 to 78 years, with an average age of 68.54 ± 6.632). 
Among them, 72 were males, accounting for 46.8%, and there was no 
statistical difference in the above indexes between the schizophrenia 
group and control group. After controlling for age and sex, there was no 
statistical difference in the concentration of LDL between the APOE E2, 
E3, and E4 groups, and the GDS scores in the APOE E2 group were higher 

Table 1 
Allele frequencies and prevalence of APOE among Chinese elderly with 
schizophrenia.  

APOE Male(n = 161) Female(n =
140) 

Combined(n =
301) 

E2 (e2/e2,e2/e3) 23(14.3%) 17(12.1%) 40(13.3%) 
E3(e3/e3) 109(67.7%) 96(68.6%) 205(68.1%) 
E4(e2/e4,e3/e4, e4/ 

e4) 
29(18.0%) 27(19.3%) 56(18.6%) 

e2/e2 1(0.6%) 1(0.7%) 2(0.7%) 
e2/e3 22(13.7%) 16(11.4%) 38(12.6%) 
e2/e4 2(1.2%) 4(2.9%) 6(2.0%) 
e3/e3 109(67.7%) 96(68.6%) 205(68.1%) 
e3/e4 23(14.3%) 20(14.3%) 43(14.3%) 
e4/e4 4(2.5%) 3(2.1%) 7(2.3%)  

Table 2 
General demographic data of the Chinese elderly with schizophrenia based on 
APOE genotypes.  

Variables APOE E2 
(N = 40) 

APOE E3 
(N =
205) 

APOE E4 
(N = 56) 

F or X2 p 

Age, y 67.65 ±
7.170 

67.10 ±
6.542 

67.79 ±
6.744  

0.298  0.742 

Education,y 7.38 ±
3.746 

8.21 ±
3.652 

7.80 ±
3.873  

0.7963  0.383 

Duration of disease, y 40.48 ±
10.231 

35.45 ±
13.241 

35.67 ±
14.578  

2.489  0.085 

BMI, kg/m2 23.83 ±
3.929 

23.95 ±
4.217 

23.38 ±
4.056  

0.417  0.660 

Fasting blood 
glucose, mmol/L 

5.58 ±
1.403 

5.50 ±
1.491 

5.39 ±
1.692  

0.211  0.810 

Triglyceride, mmol/L 1.35 ±
0.809 

1.38 ±
0.836 

1.42 ±
0.814  

0.076  0.927 

High density 
lipoprotein,mmol/ 
L 

1.36 ±
0.346 

1.29 ±
0.406 

1.28 ±
0.453  

0.517  0.597 

Low density 
lipoprotein, mmol/ 
L 

2.34 ±
0.629 

2.83 ±
0.752 

2.82 ±
0.944  

6.894  0.001* 

Male, n (%) 23(57.5) 109 
(53.2) 

29(51.8)  0.332  0.847 

Hypertension, n (%) 11(27.5) 78(38.0) 22(39.3)  1.771  0.412 
Diabetes, n (%) 11(27.5) 52(25.4) 15(26.8)  0.107  0.948 
Hyperlipidemia, n 

(%) 
17(42.5) 72(35.1) 31(55.4)  7.646  0.022* 

Smoker, n (%) 15(37.5) 69(33.7) 13(23.2)  2.784  0.249 
Drinker, n (%) 4(10.0) 24(11.7) 5(8.9)  0.392  0.822 
Tea drinker, n (%) 10(25.0) 44(21.7) 12(21.4)  0.231  0.891 
physical exercise, n 

(%) 
11(27.5) 66(32.2) 18(32.1)  0.352  0.838 

Hobby, n(%) 12(30.0) 78(38.0) 19(33.9)  1.094  0.579 
Clozapine, n(%) 7(17.5) 33(16.1) 8(14.3)  0.191  0.909 
Olanzapine, n(%) 12(30.0) 54(26.3) 16(28.6)  0.287  0.866 
Quetiapine, n(%) 7(17.5) 26(12.7) 9(16.1)  0.904  0.636 
Risperidone,n(%) 12(30.0) 61(29.8) 14(25.0)  0.511  0.774 
Aripiprazole,n(%) 5(12.5) 38(18.5) 12(21.4)  1.276  0.528 
MoCA 12.86 ±

7.005 
14.23 ±
6.740 

13.09 ±
7.431  

0.899  0.408 

GDS 12.38 ±
5.867 

9.46 ±
5.927 

11.15 ±
5.208  

4.243  0.015* 

PANSS 68.17 ±
24.945 

63.95 ±
21.100 

63.73 ±
21.051  

0.600  0.550  
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than those in the APOE E3 and E4 groups, while there was no statistical 
difference between the APOE E3 and the APOE E4 groups. It should be 
noted that the concentration of LDL increased gradually in the E2, E3, 
and E4 groups, although there was no difference among the three 
groups. Similarly, the GDS score of the E2 group was the highest in the 
normal elderly group. Tables 4 and 5 present the results. Therefore, we 
confirm that the above conclusions are applicable to the normal elderly. 

A meta-analysis of 20 studies indicated that the ε2/ε3 genotype 
likely provided a protective effect against depression in the overall 
population, and the ε2 allele acted as a protective factor for depression 
in the Caucasian population (Feng et al., 2015). Julian et al. (2009) 

found that the presence of the APOE ε2 allele was suggested to be pro-
tective against depressive symptoms in patients with multiple sclerosis. 
Su et al. (2015) also found that APOE ε2 might decrease the prevalence 
of depression and delay the onset age in the Chinese dialysis population. 
Although the mechanism is unknown, many studies have shown that the 
frequency of APOE E2 in patients with depression is significantly lower 
than that in healthy controls (Fan et al., 2006), and the presence of an 
APOE ε2 allele appeared to predict a positive response to electrocon-
vulsive therapy among patients with severe depression (Huuhka et al., 
2005; Fisman et al., 2001). Therefore, our findings were consistent. 
However, we did not find any association between APOE E4 and 
depressive symptoms, which was inconsistent with other studies 
(Hwang et al., 2006; Surtees et al., 2009; Ramachandran et al., 1996; 
Lavretsky et al., 2003), and the discrepancies may be due to racial dif-
ferences or disease lineage. 

It is well known that lipid metabolism could be affected by the fre-
quency of APOE (Rabinowitz et al., 2017; Guan et al., 2012), and APOE 
plays an important role in lipoprotein metabolism by its association with 
members of the low-density lipoprotein (LDL) receptor family and with 
lipoprotein particles (Mahley, 1988). In our study, we found that APOE 
ε2 was associated with lower LDL levels in Chinese aging patients with 
schizophrenia. Suwalak et al. (2015) found that APOE E2 was associated 
with lower LDL in HIV-1-infected individuals. Carvalho-Wells et al. 
(2010) found that there was a significant impact of APOE genotype on 
LDL in healthy adults, with lower levels in the E2 carriers relative to the 
E3/E3 genotype. Kulminski et al. (2016) also proved that the ε2 allele 
was associated with lower LDL-C levels, lower risks of heart disease, and 
better survival. Therefore, our conclusions were consistent with previ-
ous studies. The mechanism may be that APOE E2 can bind to low- 
density lipoprotein receptor (LDLR) by cysteine at amino acid position 
158, which will affect the up-regulation of the synthesis of LDLR and 3- 

Table 3 
Multiple comparisons(Mann-Whitney U test) among three groups.  

Variables Group 1 Group 2 Mann-whitney U Wilcoxon w Z p 

Low density lipoprotein APOE E2 APOE E3  2580.000  3400.000  − 3.707  0.000* 
APOE E4  781.500  1601.500  − 2.516  0.012* 

APOE E3 APOE E4  5479.000  7075.000  − 0.521  0.602 
GDS APOE E2 APOE E3  1919.000  14,799.000  − 2.699  0.007* 

APOE E4  604.000  1465.000  − 0.992  0.321 
APOE E3 APOE E4  2613.500  15,493.500  − 2.009  0.044*  

Fig. 1. Shows the expression of LDL in elderly schizophrenic patients with 
different APOE genotypes. 

Fig. 2. Shows the GDS scores of elderly schizophrenia patients with different 
APOE genotypes. 

Table 4 
Characteristics of Chinese normal elderly subjects with different APOE groups.  

Characteristics APOE E2 
(n = 24) 

APOE E3 
(n = 97) 

APOE E4 
(n = 33) 

F or 
X2 

p 

Age,y 69.75 ±
7.453 

68.30 ±
6.515 

68.36 ±
6.388  

0.472  0.625 

Low density 
lipoprotein, mmol/ 
L 

2.714 ±
0.840 

2.874 ±
0.870 

3.088 ±
0.760  

1.447  0.238 

Male,n (%) 11(45.8) 45(46.4) 16(48.5)  0.053  0.974 
GDS 7.090 ±

3.006 
4.769 ±
3.947 

6.742 ±
5.674  

4.183  0.017*  

Table 5 
Multiple comparisons(Mann-Whitney U test) among three groups.  

Variables Group 
1 

Group 
2 

Mann- 
whitney U 

Wilcoxon 
w 

Z p 

GDS APOE 
E2 

APOE 
E3  

561.500  4747.500  − 3.201  0.001* 

APOE 
E4  

282.000  778.000  − 1.069  0.285 

APOE 
E3 

APOE 
E4  

1164.000  5350.000  − 1.456  0.145  
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hydroxy-3-methylglutaryl coenzyme A (HMG-CoA), resulting in low 
serum LDL levels (Lee et al., 2011). Previous studies showed that APOE 
E4 was associated with higher LDL levels (Martínez-Magaña et al., 2019; 
Wang et al., 2019); however, in the present study, we did not find such a 
relationship. 

Finally, we found that there was a negative correlation between LDL 
and depression score, which means that although LDL concentration in 
patients with schizophrenia was low, it might increase the risk of 
depression. Interestingly, previous studies also present similar conclu-
sions. For example, a systematic review and meta-analysis (Persons and 
Fiedorowicz, 2016) showed that patients with depression tended to have 
lower LDL (mean difference = − 4.29, 95% CI = − 8.19, − 0.40, p = 0.03). 
Olsson et al. (2017) also pointed out that low LDL might increase the risk 
of depression, and the mechanism might involve immunity, inflamma-
tion, and brain dysfunction. Since this was only a cross-sectional study, 
and the correlation was very small, the relationship between LDL and 
depression needs to be further explored and validated. 

Our study has two limitations. First, this was a cross-sectional study, 
which was unable to establish a causal relationship between APOE E 2, 
LDL, and depressive symptoms. Second, a relatively small sample size 
was used, which reduces the reliability of the study. 

6. Conclusions 

The APOE E2 genotype is associated with more depressive symptoms 
and lower serum low-density lipoprotein in elderly Chinese patients 
with schizophrenia; there is a negative correlation between depressive 
symptoms and low-density lipoprotein. 
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