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Abstract: Background: Lipids influence brain function and mental health. Understanding the role
of apolipoproteins in affective disorders could provide valuable insights and potentially pave the
way for novel therapeutic approaches. Methods: We examined the apolipoprotein E genotype and
ApoE-levels, lipid profiles, and the correlation with cognition in 204 monozygotic (MZ) twins with
unipolar or bipolar disorder in remission or partial remission (affected, AT), their unaffected co-twins
(high-risk, HR), and twins with no personal or family history of affective disorder (low-risk, LR).
Results: The APOE genotype was not associated with affective disorders. No significant group
differences in ApoE levels were found between the three risk groups. Post hoc analysis group-wise
comparisons showed higher ApoE levels in the AT than HR twins and in the concordant AT twin
pairs relative to the discordant twin pairs. Within the discordant twin pairs, higher ApoE levels were
observed in the affected twins (AT = 39.4 mg/L vs. HR = 36.8 mg/L, p = 0.037). Limitations: The
present study could benefit from a larger sample size. We did not assess dietary habits. Conclusions:
The results did not support our main hypothesis. However, exploratory post hoc analysis suggests a
role for plasma ApoE and triglycerides in affective disorders. Future research is needed.

Keywords: affective disorders; cognition; monozygotic twins; high-risk-study; apolipoprotein E;
lipid metabolism

1. Introduction

Unipolar disorder (UD) affects approximately 280 million and bipolar disorder (BD)
affects 50 million people globally [1], and affective disorders (uni- and bipolar disorders)
are among the leading causes of disability worldwide [2]. The underlying pathophysiology
is not well characterized, but the disorders are multifactorial, and evidence from twin,
family, and adoption studies indicates a strong genetic predisposition [3,4].

A diverse plethora of risk and prediction markers have been investigated in mood
disorders, such as early indicators in youth, substance abuse, family history, childhood
life events [5–7]. Also, brain networks and neural makers have been explored in mood
disorders [8,9] as well as the association between mood disorders and various health
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conditions. Studies have indicated a relationship between mood disorders and adverse
outcomes like COVID-19 susceptibility, hospitalization, and death [10]

Further, affective disorders often co-occur with metabolic diseases such as cardio-
vascular diseases (CVDs), obesity, and non-insulin-dependent diabetes (NIDDM) [11–13].
Metabolic diseases also express a high heritability [14,15], which may include a shared
genetic predisposition to affective disorders [16–18]. Affective disorders and metabolic
diseases thus seem to share pathophysiological mechanisms that manifest as different
conditions in different organs (i.e., heart and brain) [19]

Both patients with affective disorders and metabolic diseases may experience im-
paired cognitive function and have a higher risk of developing dementia, according to
research [20–22]. Approximately 50% of patients with affective disorders have impaired
cognitive function [23–25], including attention, verbal memory, and executive function, and
their disorders are associated with overall impaired functioning [26]. Patients with NIDDM,
overweight and obesity, and metabolic diseases express a similar cognitive pattern [27].

Lipid homeostasis plays a role in the development of neuropsychiatric disorders. As
the brain is our most lipid-rich organ and apolipoproteins are responsible for transporting
and metabolizing lipids, emerging evidence substantiates that these proteins may play a
part in the critical health of the brain [28,29], implying that apolipoprotein proteins could
be involved in brain disease development [30].

Adverse lipoprotein patterns have been found in patients with MDD [31]. Lipid and
lipoprotein levels are influenced by the APOE polymorphism, which encompasses six
common APOE genotypes, including E2, E3, and E4 alleles. Both E2 and E4 alleles are
linked to adverse lipid profiles, with the E4 allele being a significant genetic risk factor for
Alzheimer’s disease [32]. While an earlier study from our group found no difference in
the frequency of the APOE4 allele between patients with affective disorders and healthy
controls [33], recent meta-analyses have implicated APOE more broadly in severe mental
disorders and affective disorders [11,34,35]. Apolipoprotein E plasma level (ApoE), the
product of APOE, plays a crucial role in lipid metabolism and is produced primarily by the
liver and macrophages in peripheral tissues, while astrocytes mainly produce ApoE in the
central nervous system (CNS). In the brain, ApoE serves as the principal cholesterol carrier
and is essential for the clearance of beta-amyloid plaques, the hallmark of Alzheimer’s
disease [36]. Low plasma levels of ApoE have been associated with an increased risk of
dementia, with higher levels linked to a higher risk of ischemic heart disease [37]. Although
few studies have explored the impact of ApoE levels on affective disorders, one study [38]
has investigated ApoE levels before and after medical treatment in patients with bipolar
disorder, finding that patients not treated with psychotropics had lower ApoE and that it
increased following treatment. Another study [39] has examined ApoA and ApoB levels in
major depressive disorder (MDD), revealing that severity of depression correlated to higher
ApoB and inversely to ApoA. Given the potential implications of the APOE genotypes in
brain disorders and their association with lipid levels, further investigation into the role of
lipids and ApoE in mood disorders is warranted.

Our group has previously revealed that monozygotic (MZ) twins with affective dis-
order and their discordant unaffected co-twins had a higher prevalence of metabolic
syndrome than healthy MZ twins [40]. Based on the same sample of MZ twins, the present
study aims to investigate APOE polymorphisms, ApoE-, and lipid levels across various
risk levels for affective disorders and further possible correlations with cognition. We
have hypothesized that the affected twins would express different distributions of APOE
genotypes and higher ApoE and lipid levels than the low-risk twins, with the high-risk
twins discordant for affective disorder expressing intermediary levels. We have further
hypothesized that higher ApoE and lipid levels correlate with poorer cognition.
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2. Materials and Methods
2.1. Design

Monozygotic twins were identified through a nationwide record linkage of The Danish
Twin Registry (DTR), The Danish Psychiatric Central Research Centre (DPCRR), and The
Danish Civil Registration System (for further details, see [41]. The record linkage identified
MZ twins diagnosed with unipolar or bipolar disorder according to ICD-10 and DF30-39
criteria between 1995 and 2014, their unaffected high-risk co-twin, and a group of low-risk
twin pairs. Recruitment took place between December 2014 and January 2017. Participants
were invited by letter and further contacted by phone.

The MZ twins were classified into affected twins (in remission or partial remission),
unaffected high-risk twins (co-twin affected), and low-risk twins without a personal or
first-degree relative history of affective disorder. The twins were further divided into
concordant pairs (both twins with affective disorder), discordant pairs (twin pairs with
one affected twin and one unaffected high-risk twin), and healthy pairs, low-risk twins
(psychiatrically healthy twin pairs; both twins have no personal history or first-degree
relatives with schizophrenia or affective disorders). The twins who participated without
their co-twin participating were classified according to the registry information and the
psychiatric assessment.

Diagnoses were confirmed using the Schedules for Clinical Assessment in Neuropsy-
chiatry (SCAN) interview [42], and affective symptoms were assessed using the Hamilton
Depression Rating Scale (HDRS-17) [43] and the Young Mania Rating Scale (YMRS) [44]
with remission or partial remission scored at ≤14. Two MD Ph.D. students blinded to the
DPCRR-registered diagnoses performed ratings and interviews. Exclusion criteria were
prior head trauma with unconsciousness and sequelae, birthweight > 1300 g, pregnancy,
current substance abuse, severe somatic illness, and dizygotic twins.

2.2. Ethics

This study was approved by the Danish National Board of Health, the Data Protection
Agency (2014-331-0751), and the regional ethical committee (H-3-2014-003). The project
was completed in accordance with the Declaration of Helsinki, and all the participants gave
informed written consent.

2.3. Measures

Blood samples were collected between 9 and 11 a.m. after 15 min of rest. Blood was
immediately kept on ice and centrifuged within one hour for 15 min at 4 ◦C. Blood sampling
and all aspects of the laboratory processing were performed at the Department of Clinical
Biochemistry, Rigshospitalet, by laboratory specialists blinded to participant status. Lipid
parameters were analyzed using Cobas 8000, c702 module (Roche, Basel, Switzerland).
Total cholesterol, HDL cholesterol, and triglycerides were measured in mmol/L. LDL
cholesterol was calculated as total cholesterol – HDL cholesterol – (0.45 × triglycerides)
and given in mmol/L.

Plasma was stored in Eppendorf tubes at −80 degrees until analysis. ApoE was
measured using nephelometry or turbidimetry (Dade Behring, Deerfield, IL, USA, or
Dako, Glostrup, Denmark). For APOE genotyping, we used an ABI PRISM 7900HT
Sequence Detection System (Applied Biosystems Inc., Foster City, CA, USA), and Taqman-
based assays were used to genotype for p.Cys130Arg (rs429358, legacy name Cys112Arg,
c.388T>C) defining the E4 allele, and for p.Arg176Cys (rs7412, legacy name Arg158Cys,
c.526C>T) defining the E2 allele. The laboratory personnel were blinded to the participant’s
diagnostic status, and the samples were randomly assigned across assays.

A participant-category-blinded assessor assessed cognitive performance. Processing
speed and executive functioning, including working memory, were measured with the
Trail Making Test A (TMT-A) and B (TMT-B) [45] and the Screen for Cognitive Impairment
in Psychiatry (SCIP-D) [46]. The SCIP-D measures objective cognitive functioning and is
comprised of five subtests measuring verbal learning and delayed memory (VLT-L, VLT-
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D), working memory (WMT), verbal fluency (VLF), and processing speed (PS). The SCIP
instrument was validated in patients with affective disorders [46,47]. A higher SCIP score
means better performance, while higher TMT-A and -B scores equal inferior performance.

2.4. Statistical Analyses

To investigate the association of polymorphism with the three categories, healthy
twin pairs, discordant twin pairs, and concordant affected twin pairs, we used Fisher’s
exact test. The six genotypes were analyzed in the following groups: APOE22; APOE32,
APOE33 (reference category); APOE42; APOE43, and APOE44. The model considered the
group a fixed factor/predictor variable. ApoE and lipid levels were analyzed as continuous
dependent variables with group as a fixed factor by using a mixed model univariate analysis
of variance (ANOVA) with the random factor taking intra-twin dependability (ITD) into
account. All analyses were performed unadjusted and adjusted for age and gender.

For the continuous dependent variables, the analyses were three-fold: The primary
analysis compared the three risk groups: affected twins (twins with affective disorder in
complete or partial remission), high-risk twins (healthy twin with an affected co-twin), and
low-risk twins (healthy twins with no personal or first-degree family history of affective
disorder). The secondary analysis compared concordant affected twin pairs (both twins
with affective disorders), the discordant twin pairs (one affected, one healthy), and the
low-risk twin pairs to detect whether the concordant affected twin pairs would reveal
poorer outcomes than the discordant twin-pairs. The tertiary analysis compared intra-pair
differences between the affected and unaffected twins in the discordant twin pairs using a
paired t-test. All associations and correlations were obtained exploratorily.

Exploratory correlation analyses between biomarkers and cognition were conducted
using the Spearman correlation test. All analyses were performed using IBM SPSS Statis-tics
Institute version 29.

Using IBM SPSS statistics, we conducted post hoc power calculations using our
published data examining the specific biomarker, ‘Triglycerides’. With a sample size of
n = 143 and a mean triglyceride difference of 0.34 (mean SD difference 0.411) µ/L, a power
of 0.944 was achieved to identify a statistically significant difference between groups at
a significance level of 0.05 (two-tailed). When comparing the high-risk (n = 40) and low-
risk groups (n = 38), we achieved a power of 0.288 with a mean triglyceride difference of
0.121 µ/L (mean SD difference 0.03).

3. Results

As seen in Figure 1, 408 MZ twins were invited. These potential participants were
found from all available MZ twins in the Danish Twin Registry at the time (age 18–50 years).
Of them, 44 were excluded, and 155 declined to participate (n = 101) or could not be reached
(n = 54). In total, 209 twins were seen for assessment, and five were excluded due to a
personal or first-degree family history of schizophrenia or schizotypal disorder (details are
described in [41]).

The analyses included 204 participants (Table 1): 115 MZ twins with affective disorder
(73% unipolar disorder, 27% bipolar disorder, mean remission time 42.7 months), 49 at high
risk, and 40 at low risk. The three risk groups were comparable in age, gender distribution,
years of education, and alcohol consumption. The affected group were more often smokers
(p = 0.038), less occupied (p = 0.001), and had higher HDRS17 scores (p = 0.008).

Table 1. Socio demographics, affective symptoms, smoking and alcohol use, cognition scores (means
and standard deviation, SD), diagnoses, and medication in affected, high-risk, and low-risk monozy-
gotic twins.

Risk Status Affected High Risk Low Risk p-Value

Number, n 115 49 40
Demographics
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Table 1. Cont.

Risk Status Affected High Risk Low Risk p-Value

Age, years (SD) 36.1 (8.8) 36.9 (9.6) 37.1 (9.2) 0.868
Sex female, n (%) 75 (65.2) 34 (69.4) 24 (60.0) 0.652

Years of education, (SD) 14.5 (3.3) 15.7 (3.1) 15.3 (2.6) 0.123
In occupation, n (employment + education, %): 65 (57.0) 40 (81.6) 32 (80.0) 0.001

Smoking and alcohol
Currently smoking, n (%) 35 (30.4) 13 (26.5) 4 (10.0) 0.038

Alcohol consumption (units/week, SD) 2.5 (4.0) 3.8 (5.3) 3.6 (3.1) 0.563
Affective symptoms

HDRS-17 (SD) 4.4 (3.7) 4.1 (3.6) 2.2 (2.3) 0.008
YMRS (SD) 1.8 (2.1) 1.5 (1.3) 1.2 (1.5) 0.217
Cognition

SCIP total, (SD) 73.6 (12.5) 77.1 (12.1) 78.2 (12.9)
TMT-A, (SD) 30.5 (11.5) 29.2 (11.2) 28.8 (8.3)
TMT-B, (SD) 79.9 (37.6) 78.4 (35.4) 72.3 (22.9)
Diagnoses

Bipolar disorder, n (%) 31 (27) NA NA
Unipolar disorder, n (%) 84 (73) NA NA
Age of onset, years (SD) 23.4 (7.7) NA NA

Duration of affective disorder, years (SD) 12.6 (7.6) NA NA
Affective episodes, n (SD) 3.4 (4.8) NA NA

Admissions, n (SD) 2.3 (10.3) NA NA
Months in remission, (SD) 42.7 (50.4) NA NA

Medication
Current medication, n (%) 73 (63.5) 9 (18.4) 6 (15)

Antidepressants, n (%) 45 (39.0) 1 (2.0) 0
Antipsychotics, n (%) 18 (15.7) 0 0

Mood stabilizers, n (%) 22 (19.1) 0 0

HDRS-17: Hamilton depression Rating Scale—17 item. YMRS: Young Mania Rating Scale. CI: Confidence interval.
SCIP: Screening for Cognitive Impairment in Psychiatry. TMT-A = trail making test, part A, TMT-B= trail making
test, part B. Current medication: any current medication. Antidepressive antipsychotics and mood stabilizers
were recorded as used at any time point.
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3.1. Apolipoprotein E Genotype Risk Mediation

Table 2 shows the frequency distribution of the APOE genotype across concordant,
discordant, and low-risk twin pairs. No statistically significant differences were found
(p = 0.436) using Fisher’s exact test. Figure 2 shows the frequency distribution of the APOE
genotype across risk groups and illustrates the ratios between the three risk groups. Table 2
and Figure 2 show that E44 homozygotes were only represented in the discordant twin
pairs (n = 4, 4.4%) and in concordant affected twin pairs (n = 6, 11.6%), and none were seen
in the LR twin pairs. E43 was more frequent in the discordant twin pairs (28.9%) than in
the LR twin pairs (15.8%) and the concordant twin pairs (15.1%). Looking at the trend of
the distribution ratios of the risk groups, Figure 2 illustrates that the affected group (AT)
had the following genotype frequency: E44: 7%, E43: 25%; the HR group had E44: 4%
and E43: 31%; and the LR group had E44: 0% and E43: 15.0%. Both unadjusted analyses
and analyses adjusted for age and gender were carried out without changing the trend or
statistical significance.
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Table 2. Apolipoprotein E (APOE) genotype frequency distribution across concordance groups:
healthy twin pairs, discordant twin pairs and concordant affected monozygotic twins pairs.

Concordance Groups

Low-Risk Twins Discordant Twins Concordant
Affected Twins

APOE Genotype

E22
0 2 0

0.0% 2.2% 0,0%

E32
6 13 11

15.8% 14.4% 20.8%

E33
24 43 26

63.2% 47.8% 49.1%

E42
2 2 2

5.3% 2.2% 3.8%

E43
6 26 8

15.8% 28.9% 15.1%

E44
0 4 6

0.0% 4.4% 11.3%

3.2. Biomarker Risk-Group Analysis

Table 3 shows the primary, secondary, and tertiary analysis comparing the affected
p (n = 105), high-risk (n = 48), and low-risk groups’ (n = 38) plasma levels of ApoE,
triglycerides, HDL, LDL, and cholesterol.

Table 3. Primary, secondary, and tertiary analysis comparing plasma apolipoprotein E (ApoE) levels,
triglycerides, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and cholesterol in
affected, high-risk, and low-risk monozygotic twins.

3.A: Primary Analyses Post hoc Group-Wise Comparison, p Post hoc Group-Wise Comparison,
Adjusted p

Risk Status Affected
(n = 105)

High
Risk

(n = 48)
Low Risk
(n = 38) p AF vs. LR AF vs. HR HR vs. LR AF vs. LR AF vs. HR HR vs. LR

ApoE Titer
(mg/L, CI)

41.9
(39.5–44.4)

38.9
(35.9–41.9)

42.1
(37.3–46.9) 0.097 0.951 0.035 0.261 0.906 0.045 0.345

Triglycerides
(mmol/L, CI)

1.1
(1.0–1.2)

0.9
(0.8–1.1)

0.8
(0.5–1.0) 0.052 0.026 0.176 0.189 0.962 0.012 0.048

HDL
(nmol/L, CI)

1.6
(1.5–1.7)

1.6
(1.5–1.7)

1.7
(1.5–1.9) 0.289 0.118 0.946 0.148 0.095 0.994 0.116

LDL
(nmol/L, CI)

2.9
(2.7–3.1)

2.9
(2.7–3.1)

2.7
(2.4–3.1) 0.731 0.524 0.696 0.440 0.390 0.621 0.300

Cholesterol
(nmol/L, CI)

4.8
(4.5–5.0)

4.8
(4.5–5.0)

4.7
(4.2–5.1) 0.888 0.698 0.811 0.630 0.565 0.759 0.487

3.B: Secondary concordance analyses Post hoc pairwise comparison, p Post hoc adjusted pairwise
comparison, p

Risk Status
Concordant
affected
(25 twin

pairs)

Discordant
(45 twin

pairs)

Low risk
(19 twin

pairs)
p CA vs. LR CA vs. Di Di vs. LR CA vs. LR CA vs. Di Di vs. LR

ApoE Titer
(mg/L, CI)

44.0
(39.7–48.2)

38.6
(35.4–41.8)

42.1
(37.2–47.0) 0.260 0.568 0.046 0.231 0.549 0.054 0.282

Triglycerides
(mmol/L, CI)

1.3
(1.1–1.5)

0.9
(0.7–1.1)

0.7
(0.5–1.0) 0.025 0.003 0.008 0.362 0.002 0.008 0.264

HDL
(nmol/L, CI)

1.7
(1.5–1.7)

1.5
(1.4–1.7)

1.7
(1.5–1.9) 0.439 0.595 0.260 0.107 0.505 0.253 0.086

LDL
(nmol/L, CI)

2.7
(2.4–3.1)

2.9
(2.7–3.2)

2.7
(2.4–3.2) 0.764 0.836 0.310 0.485 0.940 0.333 0.353

Cholesterol
(nmol/L, CI)

4.6
(4.3–5.0)

4.7
(4.5–5.0)

4.6
(4.3–5.1) 0.876 0.849 0.595 0.785 0.944 0.659 0.644

3.C: Tertiary discordance analyses

Risk Status
Affected

twin
(n = 45)

Unaffected
twin

(n = 45)
p

ApoE Titer
(mg/L) 39.4 36.8 0.037

Triglycerides
(mmol/L) 0.9 0.9 0.542

HDL
(nmol/L) 1.5 1.5 0.826
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Table 3. Cont.

3.A: Primary Analyses Post hoc Group-Wise Comparison, p Post hoc Group-Wise Comparison,
Adjusted p

Risk Status Affected
(n = 105)

High
Risk

(n = 48)
Low Risk
(n = 38) p AF vs. LR AF vs. HR HR vs. LR AF vs. LR AF vs. HR HR vs. LR

LDL
(nmol/L) 2.8 2.9 0.590

Cholesterol
(nmol/L) 4.6 4.7 0.594

3.3. Apolipoprotein E Levels

The primary analysis revealed no statistically significant group differences in ApoE
levels between the affected, high-risk, and low-risk groups. However, post hoc analyses
in-between groups comparing the affected and the high-risk groups with the low-risk
twins revealed statistically significant differences between the affected (41.9 mg/L) and the
high-risk twins (38.9 mg/L), respectively, in unadjusted analyses (p = 0.035) and analyses
adjusted for age and sex (p = 0.045).

The secondary analyses comparing the concordant affected pairs (n = 25) and the
discordant twin pairs (n = 45) with the low-risk twin pairs (n = 19) showed no overall
significant differences between the three groups. Post hoc pairwise group comparison
revealed that the concordant affected twin pairs had statistically significantly higher ApoE
levels (44.0 mg/L) than the discordant group (38.6 mg/L), both unadjusted (p = 0.046) and
at a trend level when adjusted for age and sex (p = 0.054). The tertiary analyses comparing
the affected and the unaffected twins in the 45 discordant twin pairs revealed that the
affected twins had statistically higher ApoE levels than the discordant unaffected twins
(39.4 mg/L vs. 36.8 mg/L, p = 0.037).

Finally, exploratory post hoc analyses were conducted to investigate the possible effect
of the APOE genotypes. We found an overall significant effect of genotype on ApoE levels
(p < 0.001), and the association increased the p-value when comparing the affected twins
vs. the high-risk twins (p = 0.013).

3.4. Triglyceride Levels

Overall, in the primary analyses, a strong trend towards the affected twins hav-
ing statistically significantly higher triglycerides than the low-risk twins (1.1 mmol/L,
95% CI:1.0–1.2 vs. 0.8 mmol/L, 95% CI:0.5–1.0, p = 0.052) was seen. Pairwise group com-
parison showed a difference between the affected and low-risk twins (p = 0.026) in the
unadjusted analyses. Adjusted for age and sex, there were statistically significant differ-
ences between the high-risk twins vs. the affected twins (p = 0.012) and the high-risk twins
vs. the low-risk twins (p = 0.048).

In the secondary analysis, triglyceride levels were statistically significantly higher
when comparing the concordant affected pairs: 1.3 mmol/L with the discordant pairs:
0.9 mmol/L; low-risk pairs: 0.8 mmol/L (p = 0.025). Unadjusted pairwise group compar-
isons showed that the concordant affected twin pairs’ triglyceride levels were statistically
significantly higher than low-risk twin pairs (1.3 mmol/L vs. 0.8 mmol/L, p = 0.003)
and between the concordant affected pairs vs. the discordant twin pair (1.3 mmol/L
vs. 0.9 mmol/L, p = 0.008). Finally, in the tertiary analyses, triglyceride levels did not differ
between the affected and unaffected twins. Exploratory post hoc analyses were conducted
to investigate the effect of adjusting for APOE genotypes, and no statistically significant
effect of genotype on triglyceride levels was observed.

3.5. High Density Lipoprotein, Low-Density Lipoprotein, and Cholesterol Levels

When conducting primary, secondary, and tertiary analyses, no statistically significant
results were found for HDL, LDL, and cholesterol both overall and as pairwise comparisons
(results not presented in detail).
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3.6. Post hoc Correlations between Cognition and ApoE and Lipid Levels

Table 4 presents Spearman’s correlation coefficient, including ApoE and lipid levels
and cognition across all participants. First, ApoE and triglyceride levels showed no signif-
icant correlations with the cognitive measures. In contrast, higher cholesterol levels did
show correlations with better working memory (p = 0.050, r = −0.14) and psychomotor
speed (p = 0.026, r = −0.16), and poorer attention (TMT-A: p < 0.001, r = 0.21) and executive
function (TMT-B: p = 0.01, r = 0.18). High-density lipoprotein showed statistically signifi-
cant positive correlations with better verbal learning and memory (SCIP-VLT-I: p = 0.00,
r = 0.24; VLT-D p = 0.02, r = 0.17), and with total SCIP scores (p = 0.02, r = 0.16).

Table 4. Spearman’s correlations between plasma apolipoprotein E (ApoE) levels, lipids, and the
cognitive measures across all participants.

SCIP-VFT SCIP-VLT-1 SCIP-VLT-D SCIP-WMT SCIP-PST SCIP-total TMT-A TMT-B [ApoE]

[ApoE]
p 0.625 0.604 0.909 0.974 0.696 0.808 0.890 0.642 -
r −0.04 −0.04 −0.01 0.00 −0.03 −0.02 −0.01 0.03 -

[Triglycerides]
p 0.727 0.641 0.499 0.799 0.295 0.342 0.223 0.871 0.000
r −0.02 −0.03 −0.05 −0.02 −0.07 −0.07 0.09 0.01 0.44

[Cholesterol]
p 0.487 0.546 0.601 0.050 0.026 0.114 0.003 0.010 0.000
r −0.05 −0.04 −0.04 −0.14 −0.16 −0.11 0.21 0.18 0.41

[HDL]
p 0.112 0.001 0.018 0.864 0.360 0.022 0.453 0.989 0.996
r 0.11 0.24 0.17 −0.01 0.06 0.16 0.05 0.00 0.00

[LDL]
p 0.514 0.099 0.268 0.079 0.044 0.066 0.009 0.016 0.000
r −0.05 −0.12 −0.08 −0.12 −0.14 −0.13 0.18 0.17 0.35

HDL: High-Density Lipoproteins, LDL: Low-Density Lipoproteins. SCIP: Screening for Cognitive Impairment
in Psychiatry—Danish version. SCIP-VFT = Verbal Fluency Test, SCIP-VLT-I = Verbal learning test-immediate,
SCIP-VLT-D = Verbal learning test-D, SCIP-WMT = Working Memory Test, SCIP-PST= Processing Speed Test,
TMT-A = Trail Making Test, part A, TMT-B= Trail Making Test, part B.

Low-density lipoprotein correlated with poorer cognitive performance on the tests of
psychomotor speed (p = 0.04, r = −0.14), attention (TMT-A: p = 0.02, r = 0.18), and executive
function (TMT-B: p = 0.02, r = 0.17). Finally, ApoE levels were moderate positive correlated
with triglycerides (p = 0.000, r = 0.44), cholesterol (p = 0.000, r = 0.41), and LDL (p = 0.000,
r = 0.35).

4. Discussion

In contrast to our hypothesis, this study involving 204 MZ twins at various risks for
affective disorder comparing affected, high-risk, and control twins, revealed differences
in the distributions of the APOE genotypes. No significant group differences in ApoE
levels were found between the three risk groups; however, within the discordant twin
pairs, higher ApoE levels were observed in the AT than the HR twins (AT = 39.4 mg/L,
HR = 36.8 mg/L, p = 0.037). Finally, the AT twins had significantly higher triglyceride
levels than the LR twins (AT: 1.1 mmol/L, HR: 0.9 mmol/L, LR: 0.8 mmol/L, p = 0.026).

ApoE levels were further positively correlated with triglycerides, cholesterol, and LDL
levels. Post hoc analyses showed that ApoE- and triglyceride levels did not correlate with
cognitive performance, but ApoE levels correlated with an increased metabolic risk profile.
There were weak correlations between higher lipid levels and poorer cognitive performance.

4.1. APOE Genotype

Contrary to our hypothesis, we did not find a significantly higher frequency of APOE44
or E43 in the concordant affected twin pairs compared to the discordant twin pairs and LR
twin pairs. As the E4 allele is associated with disease state, we expected homozygotes of
this allele, E44, to be more frequent among the affected twins. As can be seen from Figure 2,
there was a trend in the distribution ratios of the risk groups E43 + 44: the concordant
affected twin pair = 29.2%, the discordant twin pairs = 34.7%, and the LR twin pairs = 15%.
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This could indicate a more frequent representation of the E4 allele among the affected and
the high-risk MZ twins than in the low-risk twins, but only at a trend level, which may be
due to the modest sample size.

Several studies have highlighted the importance of the APOE genotype as a risk factor
associated with CNS pathology [28,29,48]. A meta-analysis on the association between
APOE genotype and depression found that in a Caucasian population, the E2 allele likely
acted as a protective factor for depression, while the E44 and E43 genotypes acted as risk
inducers [49]. This was also to some extent mirrored in an association study of APOE
genotype and cognition in bipolar disorder [50], where the E2 allele presented improved
cognitive performance while the presence of the E4 allele was associated with worse
performance in some cognitive tasks. However, most studies were from Asia, so the
included samples are ethnically different from the Danish population. Nevertheless, our
study’s results are in line with the results from the previously mentioned study [33].

4.2. Apolipoprotein E Levels

This is the first study to report on plasma ApoE levels in a sample of MZ twins with,
at risk for, and without affective disorders. While we found no overall differences in ApoE
levels between the three risk groups, there were significant post hoc differences between
the affected group vs. the high-risk group and between the concordant affected twin pairs
vs. the discordant twin pairs. Finally, comparing the discordant MZ twin pairs, ApoE levels
were higher in the affected twins.

The primary results are not in alignment with our hypotheses, as the high-risk group
had the lowest ApoE levels while the affected and low-risk groups had higher or simi-
lar results. A possible explanation could be that low ApoE levels may be a result of a
compensation factor. Affective disorders are also associated with an increased risk of
dementia [51,52], and as lower ApoE levels may be associated with dementia [53], we
expected that the affected twins would have decreased ApoE levels. However, lower levels
may only be seen in the more severe stages of both affective disorders and dementia. Hence,
the higher levels present in this study may be explained by the relatively young age of
the affected twins, mean age = 36.1, and the fact that they had been in remission or partly
remitted for a long time (mean 42.7 months). In contrast to our findings, Dean et al. [38]
have reported diminished ApoE plasma levels in patients with bipolar disorder undergoing
medical treatment compared to healthy controls. Notably, the use of ApoE plasma level
ratios in their study precludes a precise commentary on the magnitude of the observed
plasma level variations [38].

4.3. Triglyceride Levels

Having an affective disorder was associated with higher triglyceride levels. This
may be a ‘scarring’ effect of the disorders. However, the intra-twin pair analysis of the
discordant twin pairs does not support this assumption, as no statistically significant
difference between the affected and the unaffected twin was observed. In the group-wise
comparison of the risk groups, the high-risk twins also expressed significantly higher
triglycerides levels than the low-risk twins (the adjusted post hoc analysis), which could
point towards triglycerides being associated with a risk of affective disorders. This is in
line with our previous finding of higher rates of metabolic syndrome in both the affected
and the high-risk twins [40]. Triglycerides are a shared risk factor for dementia and
atherosclerotic CVD [54], and they are also increased in affective disorder [55,56]. Thus,
increased triglyceride levels may act as a risk factor for cognitive impairment, dementia,
and ischemic stroke in patients with affective disorder.

4.4. Correlation between Biomarkers and Cognition

ApoE and triglyceride levels were not correlated with the cognitive measures. Choles-
terol and LDL only showed a weak correlation (<0.2), with the cognitive measures pointing
toward a proposition that higher levels (and lower levels of HDL) were correlated with
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poorer cognitive performance. However, due to the small sample size, these results warrant
further investigation.

There are no previous reports on possible correlations between plasma ApoE and
cognition in affective disorder. However, animal (mice) studies have shown that APOE
‘knock-out’ mice experience cognitive impairment, severe dyslipidemia, and atherosclero-
sis [57]. After the restoration of plasma ApoE to wild-type levels, both lipids and learning
and memory difficulties fully normalized again, providing evidence for the proposition
that ApoE levels are associated with cognitive function. Two studies examining the correla-
tion/association between ApoE levels and cognition in elderly populations were identified;
however, incongruence was observed between these investigations [58,59].

Higher triglyceride levels are suspected to be correlated with cognitive impairment. It
has been shown in mice models that the administration of triglycerides to mice decreases
learning and memory [60], and that elevated triglycerides are associated with depression
and cognitive impairment in humans [61]. A recent study has found that parts of the
metabolic syndrome cluster were significantly associated with cognitive impairment across
psychiatric disorders and that the summative effects of individual components were the best
predictor of cognition and the identification of individuals with worse outcomes [62]. An
older meta-analysis [63] revealed only weak evidence to support the idea that cholesterol
levels are associated with cognitive decline, which is in line with our findings. Finally, one
study has revealed that individuals with lower LDL levels had a slower cognitive decline
than individuals with higher LDL levels [64].

4.5. Strengths and Limitations

The MZ study design offers the possibility to stratify ultra-high-risk twins and affected
twins. As MZ twins share nearly identical genes, forming better conclusions about en-
dophenotypes is possible. Additionally, this study shows a comprehensive data collection
of a large MZ twin sample which were recruited through nationwide register linkage,
and the register-based recruitment reduced selection bias. However, several limitations
should be considered. As this is a cross-sectional study, we cannot draw conclusions about
causality. The study would have benefitted from a larger sample size and the sub-analysis
should therefore be regarded as exploratory only.

Different potentially confounding variables may have influenced the analyses of
both metabolism and cognition. For instance, lifestyle factors such as smoking differed
between groups, as the affected and the high-risk group were more often smokers. Alcohol
consumption did not differ between groups. We did not collect data on physical activity
and dietary habits, which may have influenced the results. However, fine-grained dietary
data are challenging to collect and are often influenced by substantial self-report bias, and
lifestyle habits may impact metabolic syndrome [65].

MZ twins may not be representative of the background population; nevertheless,
several studies have found that MZ twins, in comparison to singletons, do not differ with
regard to frequency of cancer, diabetes, education, height, or bipolar disorder [66–69].

The present study only included a brief battery of cognitive tests; thus, the used cogni-
tive tests may not have captured all of the cognitive domains sufficiently. The affected twins
underwent neurocognitive testing during full or partial remission, rendering it possible
that subsyndromal symptoms may have affected their cognitive test performance. Finally,
the potential confounding effects that different medications or previous psychoses may
have had on cognition may have influenced the results, as these factors affect cognition [70].
The participants were tested under a standardized setting at approximately the same time
of day and were not allowed to drink coffee or smoke before the test. Benzodiazepines
were tapered to a maximum of 22.5 mg oxazepam (or equivalent).

Future investigations into the relationship between lipid metabolism, APOE, cognition
and mood disorders are needed to shed light on the field. One perspective is to conduct in-
terventional studies to evaluate the effect of targeting metabolism through pharmacological
treatments, e.g., statins, medicine with weight-lowering potential, or lifestyle interventions,
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to understand the interplay further. Investigating further genetic and epigenetic factors
that may modulate metabolism is also warranted, e.g., target interventions in individuals
at high metabolic risk. These could benefit from longitudinal studies, including advanced
biomarker and brain imaging technologies.

4.6. Clinical Implications and Treatment Strategies

Affective disorders reduce lifetime expectancy by approximately eight years com-
pared with the general population [71–73], and this is mainly due to lifestyle diseases and
secondary suicide. Patients with affective disorders are at an increased risk of developing
cardiovascular disease (CVD) and are affected on average ten years earlier than individ-
uals without mental disorders [74,75]. Further, the prevalence of overweight and type-2
diabetes, respectively, are twice as frequent as in the general population [76]. Hence, lipid
metabolism is of importance in affective disorders.

Here, we have observed triglycerides as a state marker of affective disorders in affected
twins. These results point toward targeting metabolomics as a therapeutic augmentation
target in mood disorders. Further, using the “usual suspects”, total cholesterol, high-density
lipoprotein, low-density lipoprotein, and triglycerides, would be an advantage, as these
biomarkers are already included in daily clinical settings.

5. Conclusions

We have found no association between APOE genotype and affective disorder in
this sample of MZ twins at various risks of affective disorders. However, affective dis-
orders were associated with higher ApoE levels, and ApoE seems to be associated with
an increased metabolic risk profile. Metabolomic biomarkers only showed a weak corre-
lation with cognitive measures. Overall, these findings align with the hypothesis that a
proportion of patients with mood disorders seem to share common pathophysiological
mechanisms with overweight, obesity, CVD, and NIDDM. However, the results warrant
further investigation using longitudinal study designs.
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