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Abstract: Background: Alterations in the serum lipid profile have been suspected in many psychiatric
disorders, such as schizophrenia and depression. However, studies on lipid status in attention-
deficit/hyperactivity disorder (ADHD) are sparse and inconsistent. Methods: Using the nation-
wide, population-based IQVIA Disease Analyzer database, this retrospective cohort study included
5367 outpatients from general practices in Germany aged ≥18 years with a documented first diag-
nosis of ADHD between January 2005 and December 2021 and 26,835 propensity score-matched
individuals without ADHD. Study outcomes were the first diagnosis of lipid metabolism disorders
as a function of ADHD within up to 10 years of the index date. The cumulative 10-year incidence was
analyzed using Kaplan–Meier curves and compared using the log-rank test. In addition, univariate
Cox regression analyses were performed. Results: In the regression analysis, there was no significant
association between ADHD and subsequent lipid metabolism disorders in the total population (HR:
0.94; 95% CI: 0.83–1.08), among women (HR: 1.04; 95% CI: 0.84–1.28), and among men (HR: 0.89;
95% CI: 0.74–1.06). In addition, no significant association was observed in the disease-stratified
analyses. Conclusions: The findings of this study indicate that ADHD does not exert an influence
on lipid metabolism. However, further investigation is warranted, particularly with respect to
pharmacological interventions.

Keywords: attention-deficit/hyperactivity disorder; adult ADHD; lipid metabolism disorder; lipid
profile; epidemiology; Germany

1. Purpose

Attention-deficit/hyperactivity disorder (ADHD) is one of the most common mental
disorders in childhood and adolescence, often persisting into adulthood and is associated
with functional deficits and significant health and economic problems. The global preva-
lence in childhood and adolescence is approximately 5%, with no significant international
differences [1–4], and is reported to be 2.5% in adulthood [5]. According to the diagnostic
criteria of the World Health Organization’s (WHO) ICD-10 classification system, a diagnosis
of ADHD requires a persistent pattern of inattention, impulsivity, and hyperactivity that
interferes with functioning or development. Typically, ADHD symptoms are present to an
extent that is inappropriate for the person’s age and developmental stage, occur in a variety
of situations, and cause significant distress and/or limitations in family, social, school, or
work life. The pathogenesis of ADHD appears to be complex and not well understood. A
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number of interacting factors are thought to play a role in its development. In particular,
genetic predisposition and pre-, peri-, and early postnatal environmental exposures that
affect the structural and functional development of the brain are thought to be important
factors [6–9]. ADHD is rarely diagnosed as an isolated disorder. Rather, up to 85% of
ADHD patients have an additional comorbid mental disorder [10], and 60% of cases have
multiple comorbidities [11,12].

The co-occurring disorders vary with age in the following ways: in early childhood,
the focus is on social behavior disorders but also on learning and achievement disorders,
especially reading and spelling difficulties, autism spectrum disorders, and developmental
coordination disorders; in early adolescence, the focus is on anxiety disorders, depression,
and tic disorders. In young adulthood and later adolescence, substance abuse, affective
disorders, and personality disorders dominate [11,13,14]. For all comorbid disorders, it
is important to distinguish whether the condition is a true comorbidity, a consequence of
ADHD, or a subtype of ADHD. However, only a few studies have examined the prevalence
of comorbid disorders in adulthood by age and gender.

The treatment of ADHD requires a multimodal therapeutic approach that aims to
reduce the immediate symptoms, treat comorbidities, improve social integration, e.g., in
school, work, and family, and improve quality of life [15]. In addition to psychoeducation,
behavioral therapy, and pharmacological therapy as established pillars of treatment, treat-
ment options such as diets or substitution therapies are being discussed as alternatives and
supportive measures [11,16]. Several studies have investigated omega-3 supplementation
and suggested a clinically relevant change in lipid status in ADHD, although convincing
empirical evidence is still lacking [17,18].

Lipid alterations have been implicated in other psychiatric disorders such as schizophre-
nia and depression. In ADHD, however, studies on lipid status and changes in serum lipids
are sparse and inconsistent [19–22]. In the absence of comparable previous data, the present
retrospective cohort study aims to compare the lipid profile of adult patients with ADHD
to adult patients without ADHD using the representative nationwide, population-based
IQVIA Disease Analyzer database.

2. Methods
2.1. Database

This retrospective cohort study was based on routine data from the Disease Analyzer
database (IQVIA, Frankfurt, Germany), which contains drug prescriptions, diagnoses, and
basic medical and demographic data of outpatients obtained directly and anonymously
from the computer systems of general practitioners and specialists [23]. The database
includes approximately 3000 office-based physicians in Germany. The panel of practices
included in the Disease Analyzer database has previously been shown to be representative
of general and specialist practices in Germany [23]. Finally, this database has already been
used in a previous study focusing on lipid metabolism disorders [24].

2.2. Study Population

This study included adult patients (≥18 years) with a first documented diagnosis of
ADHD (ICD-10: F90.0) in 1284 general practices in Germany between January 2005 and
December 2021 (index date; Figure 1). Only patients with an observation period of at least
12 months prior to the index date were included in order to have access to co-diagnoses
documented within 12 months prior to the index date. Patients with a diagnosis of lipid
metabolism disorders (ICD-10: E78) before or on the index date were excluded.
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Figure 1. Selection of study patients.

After applying similar inclusion criteria, individuals without ADHD were matched
to patients with ADHD using nearest neighbor propensity score matching (1:5) based on
age, sex, index year, average annual visit frequency during follow-up, and co-diagnoses of
obesity (ICD-10: E66), diabetes mellitus (ICD-10: E10–E14), and hypertension (ICD-10: I10),
depression (ICD-10: F32, F33), anxiety disorders (ICD-10: F41), reaction to severe stress
and adjustment disorders (ICD-10: F43), and disorders of adult personality and behavior
(ICD-10: F60–F69) documented within 12 months before or on the index date. For the
non-ADHD cohort, the index date was a randomly selected visit between January 2005 and
December 2021 (Figure 1).

2.3. Study Outcomes

The outcomes of this study were as follows: total first diagnoses of lipid metabolism
disorders (ICD-10: E78) and pure hypercholesterolemia (ICD-10: E78.0); pure hyperglyc-
eridemia (ICD-10: E78.1); mixed hyperlipidemia (ICD-10: E78.2); and hyperlipidemia,
unspecified (ICD-10: E78.5) in the 10 years after the index date as a function of ADHD.
Other disorders of lipid metabolism (i.e., hyperchylomicronemia, lipoprotein deficiency,
and disorders of bile acid and cholesterol metabolism) were very rarely documented and
could not be analyzed separately.

2.4. Statistical Analyses

Differences in sample characteristics and diagnosis prevalence between the ADHD
and non-ADHD cohorts were compared using the Wilcoxon signed-rank test for contin-
uous variables, the McNemar test for categorical variables with two categories, and the
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Stuart–Maxwell test for categorical variables with more than two categories. These tests
are considered appropriate for paired variables.

The 10-year cumulative incidence of lipid metabolism disorders in total and in defined
lipid metabolism disorder types was further examined using Kaplan–Meier curves, and
these curves were compared using the log-rank test. Finally, univariable Cox regression
analysis was performed to assess the association between ADHD and lipid metabolism
disorders. These models were performed separately for female and male subjects. In
addition, prescription of ADHD-related medications (methylphenidate, atomoxetine, dex-
amphetamine, lisdexamfetamine, and guanfacine) was included in the model to evaluate
the association between ADHD therapy and lipid metabolism disorders in patients with
ADHD only. Results of the Cox regression model are presented as hazard ratios (HRs) and
95% confidence intervals (CIs). A p-value of <0.01 was considered statistically significant
due to multiple comparisons. Analyses were performed with SAS version 9.4 (SAS Institute,
Cary, NC, USA).

3. Results
3.1. Basic Characteristics of the Study Sample

The present study included 5367 individuals with and 26,835 without ADHD. The basic
characteristics of study patients are displayed in Table 1. Median age was 29 (interquartile
range (IQR): 18) years; 63.3% were male. Patients visited physicians in median five times
per year during the follow-up. Predefined comorbidities were not frequent (7.0% with
obesity, 4.1% with hypertension, and 3.6% with diabetes). Moreover, 1073 (20.0%) of ADHD
patients received at least one prescription of relevant drug during the study period.

Table 1. Baseline characteristics of the study sample (after 1:5 propensity score matching).

Variable
Proportion among

Patients with ADHD (N, %)
N = 5367

Proportion among Patients
without ADHD (N, %)

N = 26,835
p-Value

Age (Median, IQR) 29 (18) 29 (18) 0.516

Age 18–20 1037 (19.3) 4995 (18.6)

0.636
Age 21–30 1902 (35.4) 9592 (35.7)
Age 31–40 1112 (20.7) 5642 (21.0)
Age 41–50 758 (14.1) 3705 (13.8)
Age >50 558 (10.4) 2901 (10.8)

Female 1966 (36.7) 9840 (36.7)
1.000Male 3399 (63.3) 16,995 (63.3)

Number of physician visits
per year during the follow-up

(Median, IQR)
5 (7) 5 (7) 0.942

Obesity 374 (7.0) 1756 (6.5) 0.253

Diabetes 195 (3.6) 965 (3.6) 0.894

Hypertension 594 (11.1) 2811 (10.5) 0.198

Depression 2038 (38.0) 10,287 (38.3) 0.619

Anxiety disorders 824 (15.4) 4132 (15.4) 0.934

Reaction to severe stress and
adjustment disorders 1086 (20.2) 5414 (20.2) 0.921

Disorders of adult personality
and behavior 613 (11.4) 3005 (11.2) 0.541

Proportions of patients in N, % given, unless otherwise indicated. SD: standard deviation. IQR: interquartile range.
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3.2. Cumulative Incidence of Lipid Metabolism Disorders among Patients with and without
ADHD

After up to ten years of follow-up, 12.2% of ADHD patients and 12.4% of non-ADHD
patients were diagnosed with lipid metabolism disorders (p = 0.398, Figure 2a). There were
14.3% of women with ADHD and 12.8% of women without ADHD (p = 0.716), as well as
11.0% vs. 12.5% of men (p = 0.175), with a diagnosis of lipid metabolism disorders.
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3.3. Association of ADHD with Lipid Metabolism Disorders Diagnoses

In the regression analysis, there was no significant association between ADHD and
subsequent lipid metabolism disorders in the total population (HR: 0.94; 95% CI: 0.83–1.08),
among women (HR: 1.04; 95% CI: 0.84–1.28), and among men (HR: 0.89; 95% CI: 0.74–1.06).
In the disease-stratified analyses, no significant associations were observed either (Table 2).

Table 2. Association between ADHD and subsequent lipid metabolism disorders in patients followed
in general practices in Germany (univariable Cox regression models).

All Patients Women Men

Outcome Diagnosis HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value

Lipid metabolism
disorders (total) 0.94 (0.83–1.08) 0.398 1.04 (0.84–1.28) 0.713 0.89 (0.74–1.06) 0.175

Pure hypercholesterolemia 1.00 (0.83–1.21) 0.976 1.18 (0.90–1.55) 0.221 0.87 (0.66–1.14) 0.313
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Table 2. Cont.

All Patients Women Men

Outcome Diagnosis HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value

Pure hyperglyceridemia 1.00 (0.65–1.56) 0.995 0.50 (0.15–1.67) 0.262 1.14 (0.71–1.84) 0.582

Mixed hyperlipidemia 1.16 (0.73–1.84) 0.544 1.43 (0.64–3.20) 0.386 1.05 (0.59–1.86) 0.870

Hyperlipidemia,
unspecified 0.89 (0.69–1.16) 0.386 1.03 (0.68–1.56) 0.882 0.81 (0.58–1.14) 0.234

3.4. Role of ADHD Therapy

In an additional regression model, no association was seen between ADHD therapy
and subsequent lipid metabolism disorders in the total population (HR: 0.82; 95% 0.60–1.13),
women (HR: 0.57; 95% 0.33–1.01), and men (HR: 1.01; 95% 0.69–1.49). Also, in disease-
stratified analyses, no significant associations were observed.

4. Discussion

In this retrospective cohort study, a large cohort of 5367 adult outpatients with ADHD
was analyzed for lipid metabolism disorders using the representative database. Data from
adults aged 18 years and older with ADHD were compared with a cohort of propensity
score-matched individuals without ADHD.

Overall, the findings of this study revealed no significant association between ADHD
and lipid metabolism disorders in the overall study population, which included both
female and male patients. Additionally, this study found no evidence of a link between
ADHD and specific lipid metabolism disorders, such as pure hypercholesterolemia, pure
hyperglyceridemia, and mixed hyperlipidemia. Furthermore, an additional regression
model indicated that ADHD medication treatment was not associated with subsequent
lipid disorders.

There is a growing interest in the role of lipids in the development and maintenance
of psychiatric disorders [25–28]. For example, studies have implicated lipid metabolism in
depression [26], Alzheimer’s disease [27], and schizophrenia [28]. Niemann–Pick type C
disease, an autosomal recessive lysosomal storage disorder, is a severe form of impaired
cholesterol metabolism caused by a mutation, usually in the NPC-1 gene (Niemann–Pick
type C1 gene). In this disorder, defective intracellular cholesterol transport mechanisms
lead to cholesterol accumulation, resulting in severe cognitive impairment and reduced
life expectancy [29]. Against this background, a post hoc analysis published in 2019 by
Pinho et al. compared serum levels of total cholesterol, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), and triglycerides in patients with ADHD and controls
without ADHD using data from the nationwide population-based German Health Inter-
view and Examination Survey for Children and Adolescents (KiGGS) of the Robert Koch
Institute (RKI). Using multivariate and univariate models, the authors showed small but
statistically significant associations between total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), and triglycerides in children with ADHD compared
with controls. However, serum triglyceride concentrations were higher and serum LDL
concentrations were lower in ADHD patients [19]. These findings contrast with a 2018
study by Avcil et al., in which 32 boys with ADHD were compared with a control group
of 29 healthy subjects for their lipid profile. They concluded that the average levels of
triglycerides (TGs), low-density lipoprotein cholesterol (LDL-C), and high-density lipopro-
tein cholesterol (HDL-C) were significantly lower in the ADHD group than in the control
group [20]. On the other hand, Ugur et al. reported higher cholesterol and LDL levels
in a total sample of 88 children aged 8 to 12 years with ADHD compared to 88 healthy
children. Despite controlling for age, gender, and body mass index (BMI), the authors
found that total cholesterol and LDL levels were significantly higher in the ADHD group
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than in the healthy control group, whereas TG and HDL cholesterol levels were similar in
both groups [21]. In contrast, in a small study of nine boys with ADHD compared with
11 controls, Irmisch et al. found significantly higher serum HDL concentrations [22]. These
very heterogeneous and partly contradictory results underline the importance of further
research in this area, not only with regard to a possible explanation of the pathogenesis
but also with regard to a possible alteration of the lipid profile with child development,
as well as possible treatment options and prevention approaches. Interestingly, several
studies have investigated the effect of fatty acid supplements on ADHD. In a meta-analysis
of nine different studies, Hawkey and Nigg showed that all 586 children with ADHD had
low blood levels of omega-3 fatty acids and that supplementation could slightly improve
symptoms [18]. In contrast, Agostoni et al. found only a weakly significant effect that
was mostly limited to one dimension, either hyperactivity or inattention [30]. However,
studies are heterogeneous, as different fatty acids were substituted or administered in
addition to medication, so that effects cannot always be clearly attributed to fatty acid
supplementation [30]. Based on this, the German S3 Guideline on ADHD does not yet rec-
ommend substitution, and there is a need for further research in this area [31]. Additionally,
further research is needed to better understand the role of fatty acids in ADHD. Despite the
absence of an association between lipid metabolism disorders and ADHD in our study, an
intriguing yet under-researched hypothesis regarding an underlying pathophysiological
mechanism between other psychiatric disorders and lipid metabolism disorders is being
discussed. This hypothesis, known as the membrane hypothesis, postulates that alterations
in the composition and structure of cell membranes may play a role in the pathogenesis of
psychiatric disorders [32]. In this context, animal studies have shown that the membrane
properties of the cell, such as fluidity, viscosity, and functionality, are strongly dependent
on the lipid composition [32]. In addition, it has been shown that a reduced cholesterol
content in neuronal membranes can lead to a reduced number of serotonin receptors and
reduced impulse control [32]. Alterations in the lipid composition of neuronal membranes
may play an important role in the neuronal transmission of stimuli and thus in the patho-
genesis of disturbed neuronal control circuits in ADHD. Interestingly, Dietschy et al. have
shown that central and peripheral cholesterol metabolism appear to be separate, as the
blood–brain barrier itself is impermeable to cholesterol [33]. The hypothesis of cholesterol
transfer across the blood–brain barrier was also refuted by Castellanos et al. in animal
experiments [34], and it is suggested that most cholesterol in the central nervous system
(CNS) is synthesized de novo intracerebrally [35,36]. In contrast, Meijer et al. found differ-
ences in methylation of the cholesterol signaling genes APOB (apolipoprotein B gene) and
LPAR5 (lysophosphatidic acid receptor 5 gene) in blood samples from individuals with
a persistent or remitting ADHD diagnosis, although conclusions about central nervous
mechanisms should be treated with caution [37]. In conclusion, basic research findings are
not yet sufficient to be translated into clinical practice. The need for further research in this
area is therefore even greater in order to develop a new therapeutic approach in the future
or to take preventive measures at an early stage of diagnosis.

Although our study did not find an association between medication for ADHD and
subsequent lipid metabolism disorders, other studies in this area have suggested that
many psychotropic medications may even have a beneficial effect on the lipid profile
in blood plasma and its metabolism. In a small study of 42 patients with an average
age of 16 years who were treated for ADHD in adolescent psychiatric facilities between
2003 and 2007, Charach et al. investigated the influence of the piperidine derivative
methylphenidate on the plasma lipid profile of patients diagnosed with ADHD. Blood
samples were analyzed for total cholesterol, LDL-C, HDL-C, triglycerides, apolipoprotein
A, apolipoprotein B, and lipoprotein (a) (Lp(a)) before the start of treatment and after
3 months of continuous treatment. The results showed that methylphenidate improved the
lipid profile by significantly lowering total cholesterol, triglycerides, LDL-C, and Lp(a) [38].
Again, further studies, especially in a large cohort of ADHD patients, are needed to clarify
these findings.
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Finally, the present study is limited by several unavoidable aspects, mainly related
to the study design and methodology, that have already been described in detail in the
past [39]. First, all diagnoses were coded with ICD-10 codes, which may lead to misclas-
sification or undercoding of certain diagnoses. Additionally, due to the relatively small
number of ADHD cases, 1:5 matching was used for analysis. Although age and sex are
included in the analyses, information on patients’ lifestyle (e.g., dietary habits and physical
activity) and other socio-demographic characteristics such as occupation, social class, and
income are missing. Furthermore, clinical parameters, in particular blood test results,
questionnaire results, and clinical symptoms, were documented only for a small part of
patients. Although we also examined the influence of ADHD medication on the occurrence
of lipid metabolism disorders, we have no information on other concomitant medications
that may have influenced lipid and lipoprotein metabolism. Further studies are required to
elucidate the extent to which statin therapy, in particular, which is often employed to treat
hyperlipidemia, especially hypercholesterolemia, can influence the occurrence of ADHD.

The Disease Analyzer database is lacking in data pertaining to socioeconomic sta-
tus, including patients’ education and income, and lifestyle-related risk factors, such as
smoking, alcohol consumption, and physical activity. Consequently, these variables could
not be included in this study. Moreover, the database is deficient in data pertaining to
mortality quality that would be suitable for the purposes of this study. The specific type
of ADHD was not available, as this information has not been documented by general
practitioners. A further limitation is the absence of data on the duration of ADHD. The
initial ADHD diagnosis by a general practitioner was considered the index data in this
study. Nevertheless, it is possible that some patients may have been diagnosed with ADHD
during childhood and that the cohort profile may differ between incident and prevalent
ADHD patients. This may also be a confounding factor in the relationship between ADHD
and lipid metabolism disorders.

Finally, our study does not allow causal attribution, only associations. However, it
must be emphasized that our study is one of the few to examine the association between
lipid alterations in patients with ADHD, especially in adulthood. Finally, the IQVIA
Disease Analyzer database used for the analyses in this study is representative of the
general population and has been extensively published [40–42] and shown to be valid [23].

5. Conclusions

Overall, our study adds to the literature and provides some evidence that ADHD is
not associated with disorders of lipid metabolism. However, the heterogeneous and partly
contradictory results make it clear how important further research in this area is, not only
with regard to a possible explanation of the pathogenesis but also with regard to a possible
change in lipid levels with individual development as well as possible treatment options
and prevention approaches.
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