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a b s t r a c t   

Hair analysis can provide information regarding previous drug intake and use patterns, as the drugs con-
sumed are incorporated into the hair. Therefore, reference values for drugs in hair are valuable in forensic 
investigations, especially when evaluating drug intake and assessing drug tolerance. The aim of the study 
was to determine concentrations of citalopram, escitalopram, and their primary metabolites in hair seg-
ments from deceased individuals with mental illness. Concentrations in up to six months prior to death 
were evaluated and compared with the estimated daily doses. Hair samples collected from 47 deceased 
individuals, were segmented in one to six 1 cm segments, and extracted overnight in medium. The con-
centrations in hair were quantified via ultra-high-performance liquid chromatography–tandem mass 
spectrometry. Following this quantification, the extracts were reanalyzed qualitatively using a chiral 
method to distinguish between citalopram and escitalopram intake. We found hair concentrations (10–90 
percentile (perc.)) of citalopram from 0.12 to 67 ng/mg with a median of 8.2 ng/mg (N = 40 individuals, 
n = 182 segments) and of escitalopram from 0.027 to 7.0 ng/mg with a median of 3.9 ng/mg (N = 4, n = 23). 
The metabolite-to-drug ratios in hair (10–90 perc.) of citalopram were 0.091–0.57 with a median of 0.30 
(N = 39) and of escitalopram were 0.053–0.63 with a median of 0.41 (N = 3). No correlations were found 
between concentrations in the hair and the estimated daily dose. However, our results indicate higher 
concentrations in dark hair compared to light hair, given the estimated doses, and thus an influence of hair 
color on the results. A significant positive correlation was found between the concentration of citalopram in 
the proximal segment and the blood concentrations. The median R/S-ratio of citalopram in hair was 1.5 and 
was similar to previously reported ratios in blood. In the present study, we report concentrations of cita-
lopram and escitalopram in postmortem hair and their relation to an estimated daily dose and thus con-
tribute valuable information in forensic investigations. 

© 2022 The Author(s). Published by Elsevier B.V. 
CC_BY_4.0   

1. Introduction 

The mortality rate of individuals with mental illnesses is higher 
than that of background population. The known mortality risk fac-
tors include treatment with antipsychotic and antidepressant drugs, 
use or misuse of other drugs, overdoses, and polypharmacy [1]. 
Therefore, previous drug intake and drug use patterns are valuable 
information when evaluating cause of death. Hair analysis can pro-
vide information about previous drug intake and use patterns, as 

consumed drugs are incorporated into the hair. Concentrations that 
reflect the monthly intake can be established by analyzing drugs in 
1 cm hair segments, assuming an average hair growth of 1 cm/ 
month [2]. The relationship between drug concentrations in hair 
segments and the administered dose is valuable information in 
forensic investigations, particularly for individuals with mental ill-
ness, as it may present information about patient tolerance of or 
compliance to prescribed medication, which cannot be obtained 
from ordinary investigations such as blood analysis. 

Citalopram is an antidepressant drug and a selective serotonin 
reuptake inhibitor (SSRI) widely used to treat moderate to severe 
depression and anxiety. It is metabolized in the liver to the active 
metabolite demethylcitalopram, which has a pharmacological 
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activity of 25–50% of citalopram and thus contributes to the total 
antidepressant effect [3–5]. The elimination half-life of citalopram 
ranges from 25 to 48 h [6]. Citalopram contains a chiral center and is 
used in therapy both as a racemic mixture (R/S-citalopram) and as a 
pure S-enantiomer; it is marketed under the name escitalopram [5]. 
The pharmacological effect of citalopram is attributed mainly to the 
S-citalopram enantiomer, as it exhibits twice the activity of the ra-
cemate and is approximately 30 times more potent as an SSRI 
compared to R-citalopram [5]. Citalopram is of interest in forensic 
investigations, as it is among the most frequently prescribed anti-
depressants in Denmark and is often encountered in postmortem 
cases, including fatal poisoning [7–10]. Moreover, high citalopram 
doses have been associated with a potential risk of abnormal heart 
rhythms and increased risk of death [11]. 

Reference values for drugs in hair are valuable in forensic in-
vestigations, especially when evaluating intake and tolerance. The 
Department of Forensic Medicine at the University of Copenhagen 
recently reported concentrations of a range of antipsychotic drugs in 
hair and their relation to the administered doses [12–15]. The ob-
jective of the present study was to determine similar concentrations 
for citalopram and escitalopram. Other studies have reported con-
centrations of citalopram in hair from antidepressant users and 
deceased individuals primarily in the range from 0.001 to 155 ng/mg  
[4,16–27] and demethylcitalopram concentrations from 0.008 to 
8.65 ng/mg [4,16,22,27]. Despite reports on citalopram in hair, only a 
few studies have investigated the relation between citalopram 
concentrations in hair and dosage [19]. Differences in the con-
centration and potency of citalopram and escitalopram may impact 
the treatment response. Thus, differentiation between the two drugs 
is of interest. This study reports the chiral separation of citalopram 
in hair samples. 

The aim of this study was to determine concentrations of cita-
lopram and escitalopram in hair segments from deceased in-
dividuals with mental illnesses using ultra-high-performance liquid 
chromatography–tandem mass spectrometry (UHPLC–MS/MS) and 
subsequently chiral separation. Furthermore, the relationship be-
tween the concentrations in hair and a calculated daily administered 
dose was investigated. 

2. Materials and methods 

2.1. Chemicals and reagents 

Reference materials of citalopram, escitalopram and de-
methylcitalopram with >  99% purity were obtained from H. 
Lundbeck A/S (Valby, Denmark). Internal standards citalopram-d6 
and desmethylcitalopram-d3 with 98% purity were obtained from 
Toronto Research Chemicals. LC–MS grade acetonitrile, methanol, 2- 
propanol and water were purchased from Fisher Scientific 
(Leicestershire, UK). Ammonium formate with a purity ≥ 97% was 
obtained from Fluka (Buchs, Switzerland), and formic acid for LC–MS 
with 99% purity was purchased from VWR International Ltd. 
(Leuven, Belgium). 

2.2. Postmortem cases 

Hair samples were collected from 47 deceased individuals with 
presumed citalopram or escitalopram intake. All hair samples were 
collected from the posterior vertex region and cut as close to the 
scalp as possible. The included individuals were selected from the 
SURVIVE study population, which comprised 500 deceased in-
dividuals with a diagnosed or suspected mental illness autopsied at 
Danish forensic institutes during 2013–2015 [1]. Citalopram or es-
citalopram intake was presumed due to positive findings in the 
postmortem blood samples and/or with citalopram or escitalopram 
stated in case histories. Postmortem blood samples were analyzed 

using a method validated by Nielsen et al. [28]. In cases where no 
blood was available, results from muscle tissues were included in-
stead. Consent for the research was obtained from next of kin prior 
to investigation. Permission from the National Committee on Health 
Research Ethics (Journal number 1703611) was provided as part of 
the SURVIVE study (Journal number SUND– 2017–30). Research 
Biobank SURVIVE was approved by the Danish Data Protection 
Agency (Journal number SUND–2016–06). 

2.3. Hair sample preparation 

All hair samples were inspected visually, characterized by length 
and color, and aligned and cut with scissors in one to six 1 cm 
segments (S1–S6), depending on the length of the hair sample. Each 
segment was further divided into two parts for duplicate determi-
nations, when possible. S1 represented the proximal segment closest 
to the scalp, S6 represented the most distal segment, and each 
segment equaled one month in time with S1 corresponding the 
month up to death. The hair samples were washed and extracted as 
previously described by Wang et al. [29], with a few modifications. 
The samples were washed once with isopropanol (1 mL) and twice 
with water (0.5 mL). After drying, the samples were pulverized and 
extracted over night at 37 °C in 250 µL extraction medium consisting 
of methanol, acetonitrile, and 2 mM ammonium formate (25:29:46, 
v/v/v) as well as 50 µL internal standard. All extracts were filtered 
and diluted 1:1 with water before analysis. The last aqueous wash 
fraction of each segment was diluted 1:1 with the extraction 
medium and analyzed to test for external contamination. A cali-
bration curve in spiked blank hair from 0.005 to 100 ng/mg and 
prepared soaked Quality Controls (QCs) were included for each 
analysis. 

2.4. Soaked quality controls (QCs) in hair 

QCs at three different concentration levels for R/S-citalopram and 
R/S-demethylcitalopram in hair were prepared in-house as de-
scribed by Nielsen et al. [30]. Finely cut drug-free authentic hair (5 g) 
were soaked for 2 h in 40 mL stock solutions of citalopram in me-
thanol at 0.1, 1, and 5 mg/L, respectively. The final mean con-
centrations of the soaked QCs were 0.029, 0.28 and 0.75 ng/mg for 
citalopram and 0.042, 0.43 and 1.1 ng/mg for demethylcitalopram. 
The QCs in hair were stored dark at room temperature. During a 
period of 2 years, the imprecision of the analysis of both compounds 
was <  12% (n = 25) and no decrease in concentration over time was 
observed. 

2.5. Quantification of hair samples by UHPLC–MS/MS 

Analysis was performed by a Waters ACQUITY UPLC system. It 
was coupled to a Xevo TQS tandem mass spectrometer using an 
ACQUITY HSS C18 column (150 mm × 2.1 mm, 1.8 mm) and a gra-
dient system with two phases: mobile phase A comprising 5 mM 
ammonium formate (pH 3.0) and mobile phase B comprising 0.1% 
formic acid in acetonitrile. The analysis and data handling were 
performed as described by Wang et al. [29], with minor modifica-
tions. Demethylcitalopram was included in the method, and the 
deuterated analogs, citalopram-d6 and demethylcitalopram-d3, 
were internal standards for citalopram and demethylcitalopram, 
respectively. Then, 2 µL of extract was injected into the system. 
Moreover, measurements of the 13C isotopes of citalopram and de-
methylcitalopram were used for samples with concentrations ran-
ging from 5 to 100 ng/mg. Samples with concentrations >  100 ng/mg 
were reanalyzed together with the calibration curve samples by 
injecting 0.4 µL of QCs and hair sample. Ionization was performed in 
positive electrospray ionization (ESI) operating in the multiple-re-
action monitoring (MRM) mode. The MRM transitions were as 
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follows: m/z 325  >  109 (collision energy (CE): 26 eV) and m/z 
325  >  262 (CE: 18 eV) for citalopram (12C); m/z 326  >  110 ( CE: 
18 eV) and m/z 326  >  263 (CE: 26 eV) for citalopram (13C); m/z 
311  >  262 (CE: 25 eV) and m/z 311  >  109 (CE: 17 eV) for de-
methylcitalopram (12C); m/z 312  >  263 (CE: 25 eV) and m/z 
312  >  110 (CE: 17 eV) for demethylcitalopram (13C); m/z 331  >  109 
for citalopram-d6; and m/z 314  >  109 for demethylcitalopram-d3. 
The cone voltage was 20 V. The retention times of citalopram and 
demethylcitalopram were 12.1 and 11.9 min, respectively. Following 
the quantification of the hair samples, a chiral analysis was per-
formed to distinguish between R- and S-citalopram (See Section 2.7). 
The chiral analysis of hair samples and of postmortem blood was 
used along with information from prescription data to determine 
whether the quantified concentrations were of citalopram or esci-
talopram. 

2.6. Validation of the hair analysis method 

A previously published method was modified and used for the 
analysis and quantification in this study [29]. The method was re- 
validated according to current guidelines in order to include de-
methylcitalopram and the analog internal standards of citalopram 
and demethylcitalopram and to cover a higher concentration range 
reflecting long-term use [2,31]. Summarized validation results for 
the analytes determined by both the 12C and 13C isotopes are out-
lined in Table 1. Calibration curves were prepared using weighted 
linear regression (1/X) and by plotting the analyte to internal stan-
dard peak area ratios against the theoretical hair concentration. R2 

were >  0.99 for all analytes. Precision and accuracy were determined 
in drug-free authentic hair spiked at five different concentration 
levels within the measurement range. Extraction recoveries ranged 
from 95% to 96% (n = 6) and matrix effects (100% indicates zero 
matrix effect) were 81–88% for both citalopram and demethylcita-
lopram (n = 6). 

2.7. Chiral analysis 

Qualitative determination of R- and S-enantiomers of citalopram 
was performed by re-injecting the sample extracts on an ACQUITY 
UPLC system coupled to a tandem quadrupole ACQUITY TQD mass 
spectrometer. The chiral analysis of hair and blood samples was 
performed by adopting a method for chiral separation of citalopram 
in blood samples previously published by Johansen [3]. The se-
paration was performed on a 250 × 4.6 mm Chirobiotic V Astec chiral 
column using isocratic elution with a mobile phase composed of 
methanol:ammonia:acetic acid (1000:1:1 v/v/v). All blood samples 
with a citalopram concentration >  0.2 mg/kg were analyzed by the 
chiral method. This was performed as blood concentrations of es-
citalopram above >  0.2 mg/kg are elevated and toxic and therefore, 
in such cases, chiral analysis is important [3]. The R/S-ratio in hair 
was calculated from absolute peak areas. 

2.8. Dose estimation 

Access to prescription data on citalopram and escitalopram for 
each individual was obtained from the Danish National Prescription 
Registry through Statistics Denmark and with approval from the 
Danish Data Protection Agency (Reference number: SUND–2017–30). 
The prescription data covered medicines sold through prescriptions 
at Danish pharmacies and did not include information on prescribed 
or ingested doses. Therefore, daily doses of citalopram and escita-
lopram were calculated for each individual, if possible, by multi-
plying the number of collected packets, the number of tablets in 
each packet, and the amount of citalopram and escitalopram in each 
tablet. The dose was estimated as an average daily dose calculated 
over the six-month period before death in order to account for ir-
regular pickups. Dose estimates were reported as aggregated data 
describing only ratios and groups of individuals, in accordance with 
the data confidentiality policy of Statistics Denmark. The prescrip-
tion data did not include information on drugs dispensed at hospi-
tals or elsewhere. 

2.9. Data analysis 

Statistical software R (version 4.0.2) was used for the statistical 
analysis and dose calculations. Only mean concentrations of hair 
segments above the lower limit of quantification (LLOQ) or below 
the upper limit of quantification (ULOQ) were considered and eval-
uated. Spearman’s correlation was used as an index of the associa-
tion between the concentrations in the proximal hair segments (S1), 
the estimated daily doses, and the concentrations in postmortem 
blood samples. The Mann-Whitney test was used to compare con-
centrations in S1 normalized to the average daily dose for in-
dividuals with light and dark hair. P-values above 0.05 were 
considered statistically insignificant. 

3. Results and discussion 

3.1. Characterization of postmortem cases 

Hair samples were collected from 47 deceased individuals: 18 
men aged 32–79 years (median 57 years) and 29 women aged 21–93 
years (median 54 years). The hair colors were brown (N = 23), black 
(N = 5), blond (N = 7) and gray (N = 9), and hair from three in-
dividuals was assessed as treated. The hair colors were further di-
vided into three categories, including dark, light, and treated hair, 
with dark hair covering individuals with black and brown hair, light 
hair covering blond and gray hair, and treated hair is as the name 
suggests. The causes of death were established by the coroner as 
poisoning (N = 21), diseases of the circulatory system (N = 15), ex-
ternal causes of morbidity (N = 6), and other causes of death, in-
cluding diseases of the digestive or nervous system and 
complications of medical and surgical care (N = 5). Based on the 
postmortem blood results, citalopram possibly contributed to the 

Table 1 
Linear range, precision (CV%), accuracy (%) and process efficiency of the analytes.           

Analyte Isotope Linear rangea LLOQb Levels  >  LLOQb Process efficiencyc 

(LLOQ–ULOQ) [ng/mg] CV [%] Accuracy [%] CV (≤) [%] Accuracy (range) [%] PE (Area) [%] PE (Response (CV)) [%]  

Citalopram 12C 0.005–5.0 15 100 10 93–100 71 84 (2.5) 
13C 0.1–100 4.3d 102 2.8 100–102 53 99 (9.0) 

Demethylcitalopram 12C 0.005–5.0 8.6 111 4.2 99–105 65 78 (2.1) 
13C 0.1–25 4.2 97 6.3 88–95 45 85 (13) 

Abbreviations: CV: coefficient of variation, LLOQ: Lower limit of quantification, PE: Process Efficiency.  
a Calculations were based on double determinations.  
b Calculations were based on 8 determinations at each level.  
c Calculations were based on 6 determinations.  
d Based on 5 ng/mg since only higher levels > 5 ng/mg were investigated using the 13C isotopes.  
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cause of death in three cases. Drug abuse was suspected in 32% of 
the individuals based on their case history. Based on the hair ana-
lysis, illicit drugs were detected in the hair of 32% of the individuals. 
In total, more than 60 different drugs and pharmaceuticals were 
detected among the 47 individuals, and in more than 75%, five or 
more different drugs/pharmaceuticals were detected. One or more 
antipsychotic pharmaceutical was detected in 77%, whereas anti-
depressant pharmaceuticals other than citalopram were detected in 
40% of the individuals. This provides evidence of polypharmacy 
among the individuals. 

3.2. Concentrations of citalopram, escitalopram and demethyl- 
metabolites in hair 

Concentrations of citalopram, escitalopram, and their demethyl- 
metabolites were measured in one to six 1 cm hair segments from 47 
deceased individuals. In total, 231 hair segments were analyzed in 
double determinations if possible, and in more than 93% of those 
samples, the relative deviation of the duplicate determination was 
less than 40%. Citalopram was found in the hair of 41 individuals and 
escitalopram in the hair of five individuals, whereas both com-
pounds were identified in one hair sample. For further interpreta-
tion, only hair samples with quantifiable concentrations (> LLOQ 
or < ULOQ) and hair samples from individuals with either a citalo-
pram or escitalopram prescription, and not a prescription for both, 
were included to avoid misinterpretation of the hair concentrations. 

All hair analysis results are summarized in Table 2. The 10–90 
percentile (perc.) concentrations of citalopram were 0.12–67 ng/mg 
with a median of 8.2 ng/mg (N = 40 individuals, n = 182 segments) 
and those of demethylcitalopram were 0.12–11 ng/mg with a median 
of 2.7 ng/mg (N = 40, n = 172). Concentrations (10–90 perc.) of es-
citalopram were 0.027–7.0 ng/mg with a median of 3.9 ng/mg (N = 4, 
n = 23) and of S-demethylcitalopram were 0.20–3.3 ng/mg with a 
median of 1.4 ng/mg (N = 4, n = 19). The analysis of the last aqueous 
wash fraction showed concentrations of citalopram, escitalopram, 
and (S-) demethylcitalopram, which were <  10% of the concentration 
in the respective hair segments, indicating no external contamina-
tion of relevance. 

3.3. Distribution patterns of citalopram in hair segments 

The concentrations of citalopram, escitalopram, and metabolites 
presented in Table 2 indicate an overall decrease in concentration 
from the proximal (S1) to the distal segments (S6). The distribution 
of citalopram in the six segments for each individual, indicated as a 
percentage of S1, is shown in Fig. 1. Similar or decreasing citalopram 
concentrations from the proximal to the distal hair segments 
(S1–S6) were found in many individuals. Decreasing citalopram 
concentrations throughout the segments were found for 21 in-
dividuals, and the mean decrease in order from S1 to S2–S6 for these 
individuals was 15%, 26%, 39%, 46%, and 50%. The same trend was 
observed for escitalopram and the metabolites. This suggests that 
the decreasing citalopram concentrations from the proximal to the 
distal segments were not necessarily an indication of non-com-
pliance but rather due to wash-out over time by the physical treat-
ment of hair. Contributing to this trend, the higher concentrations in 
S1 could be a result of sweat or sebum diffusion. 

3.4. Hair concentrations and dosage of citalopram and escitalopram 
reported in the literature 

Several studies on citalopram concentrations in hair have pre-
viously been published, comprising in total 139 individuals [16–27]. 
Citalopram concentrations from users and from postmortem cases 
with a presumed previous intake were frequently reported in 
1–3 cm segments in the range 0.008–155 ng/mg (N = 122)  
[16,17,19–21,25,27]. One study reported extremely high citalopram 
concentrations (557–1107 ng/mg) in 2 cm segments (N = 1) [26]. Ci-
talopram concentrations in 1–3 cm segments in the range 
0.001–5.6 ng/mg were reported from other postmortem and forensic 
cases with no clear indications of intake (N = 5) [18,24]. Other stu-
dies have reported citalopram concentrations in the range 
0.032–10 ng/mg after analyzing longer hair (N = 11) [22,23]. De-
methylcitalopram concentrations in users and in postmortem cases 
with a previous presumed intake were reported in 1–3 cm segments 
in the range 0.008–8.65 ng/mg (N = 91) [16,21,25,27], whereas con-
centrations reported in longer hair segments were 0.001–0.38 (N = 5)  
[22]. An escitalopram concentration of 0.254 ng/mg was reported in 

Table 2 
Concentrations and metabolite-to-drug ratios of citalopram, escitalopram, and (S-) demethylcitalopram in one to six 1 cm hair segments from 44 individuals with mental illness. 
N indicates the number of individuals and n indicates the number of segments.          

Analyte Seg no. N n Median (ng/mg) Mean (ng/mg) Range (ng/mg) 10–90 perc. (ng/mg)  

Citalopram All seg. 40 182 8.2 21 0.0053–122 0.12–67 
S1 (0–1 cm) 38 38 14 27 0.010–121 0.092–76 
S2 (1–2 cm) 34 34 8.8 24 0.049–122 0.16–67 
S3 (2–3 cm) 34 34 8.3 23 0.0053–115 0.26–64 
S4 (3–4 cm) 29 29 6.5 19 0.0074–98 0.14–55 
S5 (4–5 cm) 26 26 7.2 17 0.0095–98 0.13–38  
S6 (5–6 cm) 21 21 3.7 12 0.012–40 0.11–36 

Demethylcitalopram All seg. 40 172 2.7 4.8 0.0065–21 0.12–11 
S1 (0–1 cm) 35 35 4.8 6.5 0.074–18 0.97–15 
S2 (1–2 cm) 33 33 3.4 5.2 0.020–21 0.28–11 
S3 (2–3 cm) 33 33 2.7 4.8 0.037–17 0.20–11 
S4 (3–4 cm) 27 27 2.4 3.7 0.015–15 0.13–9.1 
S5 (4–5 cm) 24 24 1.9 3.9 0.019–16 0.13–10 
S6 (5–6 cm) 20 20 1.6 3.2 0.0065–13 0.050–10 

Demethylcitalopram/citalopram ratio All seg. 39 166 0.30 0.32 0.042–2.2 0.091–0.57 
S1 (0–1 cm) 34 34 0.30 0.39 0.052–2.2 0.11–0.65 
S2 (1–2 cm) 32 32 0.32 0.32 0.049–0.83 0.10–0.62 
S3 (2–3 cm) 32 32 0.32 0.32 0.049–0.68 0.10–0.56 
S4 (3–4 cm) 26 26 0.28 0.30 0.042–0.83 0.087–0.54 
S5 (4–5 cm) 23 23 0.30 0.30 0.072–0.67 0.084–0.49 
S6 (5–6 cm) 19 19 0.32 0.29 0.057–0.64 0.097–0.43 

Escitalopram All seg. 4 23 3.9 3.6 0.014–10 0.027–7.0 
S-demethylcitalopram All seg. 4 19 1.4 1.5 0.15–4.7 0.20–3.3 
S-demethylcitalopram/escitalopram ratio All seg. 3 18 0.41 0.35 0.044–0.67 0.053–0.63 

Abbreviations: no.: Number, perc.: percentile, Seg: Segment, S1–S6: Segment 1 to Segment 6  
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Fig. 1. Distribution of citalopram in up to six segments (S1–S6) presented as a percentage of the concentration in S1. Each line represents an individual, and in total 35 individuals 
with citalopram in hair with more than one segment were included. The y-axis is presented as a logarithmic scale. 

Fig. 2. Ratio between the citalopram concentration in the proximal segment (S1) and the estimated daily dose of citalopram in dark (N = 15 individuals) and light hair (N = 13).  

Fig. 3. Metabolite-to-drug (MD) ratios of citalopram and demethylcitalopram in the segments (S1–S6) for the individuals (N = 39 individuals). Each color represents an individual, 
and the y-axis is the logarithmic transformed. 
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neonatal hair in one study based on the drug intake history of the 
mother [4]. The previously reported concentrations of citalopram, 
escitalopram, and demethylcitalopram, are in line with the con-
centrations reported in this study. 

Although there were many reported concentrations of citalopram 
in hair in the literature, information on the dosage was not as easily 
available. In three studies the dosage were included but relations 
between the concentrations found in hair and the dosage were not 
further elaborated [17,21,27]. Ferrari et al. [19] reported a statistically 
significant correlation between a cumulative dose over three months 
based on self-reports and the corresponding concentrations in the 
proximal 3 cm of the hair. The few elaborations on the hair con-
centration–dose relationship may be explained by the relatively low 
number of cases often included in forensic investigations as well as 
the uncertainties associated with information of the dosage, espe-
cially in postmortem cases. 

3.5. Estimated daily doses of citalopram and escitalopram 

The present study involved an analysis of postmortem hair 
samples, and thus, no information on the actual drug intake or 
prescribed dose was directly available. Therefore, the daily ad-
ministered citalopram and escitalopram doses were estimated as an 
average daily dose over the six months before death, based on 
available prescription data. The average daily administered dose of 
citalopram could be estimated for 30 individuals, whereas the daily 
average administered dose of escitalopram could only be estimated 
for three individuals. Therefore, no further statistical evaluation was 
performed for escitalopram. The estimated citalopram doses varied 
from 1.3 mg/day to 69 mg/day with a median of 27 mg/day, so that 
80% of the individuals were within the recommended dose range of 
10–40 mg [32]. The mean of the estimated escitalopram doses was 
16 mg/day, with all doses within the recommended dose range of 
5–20 mg [32]. 

No significant correlations were found between the concentra-
tion in the proximal hair segments (S1) and the estimated average 
daily dose for either citalopram (rho = 0.29, p = 0.1, N = 30), de-
methylcitalopram (rho = 0.30, p = 0.1, N = 30), or the sum of the 
concentrations of citalopram and demethylcitalopram (rho = 0.25, 
p = 0.2, N = 29,). However, factors such as hair color and hair treat-
ment procedures may influence the content of drugs in hair. As 
described by Pragst et al. [33], higher concentrations of basic drugs 

have been found in pigmented hair compared to non-pigmented 
hair, which should be taken into account when evaluating hair 
concentrations in relation to dose. In this study, we found similar 
average daily doses of citalopram for individuals with dark and light 
hair. By normalizing the hair concentrations in S1 to the corre-
sponding average daily dose, the influence of dark and light hair 
color was investigated (Fig. 2). 

Fig. 2 shows the tendency of dark hair to have higher citalopram 
concentrations than light hair after accounting for the estimated 
dose and thus a possible influence of hair color on the results. De-
spite this, no statistically significant differences in the concentra-
tion-to-dose ratios of citalopram in dark hair compared with light 
hair were found (p = 0.2, N dark hair = 15, N light hair = 13), whereas 
this difference was significant for demethylcitalopram (p = 0.03). 

This insignificant trend can be explained by the small sample 
size. In addition, the stratification of hair color into dark and light, 
done to avoid a further reduction in the sample size, can also pos-
sibly contribute to the insignificance, as dark hair included black hair 
with high melanin content and light brown hair with less melanin 
content and the same being the case with light hair, thus compli-
cating the interpretation of the hair concentrations in the two 
groups. Furthermore, gray-haired individuals had previously shown 
to have mixture of white and pigmented hair [34], and because five 
of the individuals had gray hair in our investigation, the con-
centrations found in each of the two hair color groups might be 
influenced. As a result, the hair concentration-to-dose ratios were 
examined solely from individuals with black and blond hair, and we 
found the similar inclinations towards higher drug concentrations in 
black hair (N = 4) than in blond hair (N = 7). However, the difference 
was not significant for citalopram (p = 0.1), whereas it was significant 
for demethylcitalopram (p = 0.04). 

Due to some missing prescription data, the daily doses could not 
be estimated for 12 individuals, even though citalopram was de-
tected in their respective hair samples. Possible explanations for the 
lack of prescription data was administration of citalopram or esci-
talopram outside of pharmacies. Furthermore, for a number of in-
dividuals with missing prescription data, low concentrations or 
remarkable increases in citalopram concentrations from the prox-
imal to the distal segments were observed (Fig. 1) possibly indicating 
discontinuation of the citalopram treatment. Another explanation 
could be that citalopram remains deposited in the hair for months 
after intake. In line with this, Wang et al. [17] also reported findings 

Fig. 4. Correlations between the postmortem blood concentrations (mg/kg) and the concentrations in the proximal hair segment S1 (ng/mg) of citalopram (rho = 0.71, p  <  < 0.01, 
N = 33), demethylcitalopram (rho = 0.30, p = 0.1, N = 30) and the sum of citalopram and demethylcitalopram (Summarized) (rho = 0.55, p = 0.002, N = 29). 
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of citalopram in hair segments corresponding to periods of no ci-
talopram ingestion. However, they found much higher concentra-
tions in the segments corresponding to periods of ingestion. 

3.6. Metabolite-to-drug ratio in hair 

The metabolite-to-drug (MD) ratios are shown in Table 2. MD 
ratios of citalopram were 0.091–0.57 (10–90 perc.) with median 0.30 
(N = 39, n = 166) and of escitalopram were 0.053–0.63 (10–90 perc.) 
with a median of 0.41 (N = 3, n = 18). This implies more than two 
times higher concentrations of citalopram and escitalopram than 
that of demethylcitalopram. MD ratios of escitalopram in hair from 
users have not been reported previously. The MD ratios of citalo-
pram below 1 are in line with previous reported MD ratios of cita-
lopram, which have been summarized in a recent published review  
[35]. In that review, MD ratios were reported from 0.00069 to 1.5 
with median MD ratios from 0.19 to 0.33 [16,21,22,25,27]. The higher 
concentrations of citalopram compared to demethylcitalopram 
could be explained by a higher blood concentration of citalopram 
and by the decreased lipophilicity of demethylcitalopram and thus a 
less effective incorporation of the metabolite. By comparing MD 
ratios in the segments for each individual with more than one seg-
ment (N = 32), we found intraindividual variations of MD ratios, 
which were <  25% (RSD) for more than 70% of the individuals, in-
dicating a stable MD ratio throughout the segments. This is also il-
lustrated in Fig. 3. 

3.7. Postmortem blood concentrations 

Citalopram was detected in the postmortem blood of 35 in-
dividuals, and the concentrations ranged 0.075–1.4 mg/kg (10–90 
perc.) with a median of 0.42 mg/kg. In 19 (54%) of the cases, blood 
concentrations were within the therapeutic level of blood citalo-
pram (0.1–0.7 mg/kg [36]). In five (14%) of the individuals, blood 
concentrations below the proposed therapeutic level were found, 
and in 11 (31%) above the therapeutic level. Demethylcitalopram was 
found in the postmortem blood samples of 33 individuals with 
concentrations 0.035–0.41 mg/kg (10–90 perc.) and a median of 
0.19 mg/kg. Moreover, concentrations of citalopram and de-
methylcitalopram were summarized both in blood and in hair in 
order to consider the possible pharmacological effect of de-
methylcitalopram. Concentrations could be summarized for 29 in-
dividuals, and the postmortem blood concentrations ranged 
0.27–1.6 mg/kg (10–90 perc.) with a median of 0.79 mg/kg. The 
blood concentrations were compared with the respective con-
centrations in the proximal segment (S1), and a significant positive 
correlation was found for citalopram (rho = 0.71, p  <  <  0.01, N = 33) 
as well as for the summarized concentration in S1 and the sum-
marized blood concentration (rho = 0.55, p = 0.002, N = 29), whereas 
no significant correlation was found for demethylcitalopram (rho = 
0.30, p = 0.1, N = 30). The results are shown in Fig. 4. Escitalopram 
was detected in the blood or muscle tissue in four individuals, and 
the average concentration was 0.24 mg/kg. S-demethylcitalopram 
was found in three individuals, with a mean blood concentration of 
0.18 mg/kg. This suggests the intake of high citalopram doses before 
death in the included population. No citalopram, escitalopram, or 
metabolites could be measured in blood samples from 8 individuals, 
indicating no recent intake before death, which was confirmed by no 
prescription data in the year before death for 6 of the individuals. 
Correspondingly, lower hair concentrations of citalopram (range: 
0.017–3.2 ng/mg, median 0.17 ng/mg, N = 5, n = 17) and of escitalo-
pram (mean 0.029 ng/mg, N = 1, n = 5) were found in these in-
dividuals compared to the individuals with available 
prescription data. 

The MD ratios of citalopram and demethylcitalopram in post-
mortem blood ranged 0.15–0.84 (10–90 perc.) with a mean of 0.44 

(N = 33), and the mean MD ratio of escitalopram in postmortem 
blood was 0.49 (N = 3). The MD ratios reported in blood are very 
consistent with the ratios reported in hair. 

3.7.1. R/S-ratio of citalopram in hair 
The ratio between R- and S-citalopram was calculated in hair 

samples from 27 individuals. The citalopram concentrations in the 
hair of these individuals ranged 0.033–122 ng/mg (median 22 ng/ 
mg), and the subsequent chiral analysis showed R/S-ratios ranging 
from 0.81 to 4.1 with a median of 1.5 and an average of 1.6. The 
average R/S-ratio of citalopram in hair is consistent with average 
blood ratios of 1.2 previously reported in the literature [10]. This 
ratio reflects the higher metabolic clearance of S-citalopram com-
pared to R-citalopram. The intraindividual variation (RSD%) in the R/ 
S-ratios for individuals with more than one segment varied from 
0.38% to 34% with intraindividual variations <  20% for more than 80% 
of the individuals. 

4. Conclusions 

In this study, we reported concentrations of citalopram, escita-
lopram, and their primary metabolite in hair segments from 44 
deceased individuals with mental illnesses. The concentrations 
(10–90 perc.) of citalopram were 0.12–67 ng/mg with a median of 
8.2 ng/mg (N = 40 individuals, n = 182 segments) and 0.027–7.0 ng/ 
mg for escitalopram with a median of 3.9 ng/mg (N = 4, n = 23). In 
many of the individuals, similar or decreasing concentrations 
throughout the segments were found, indicating a possible wash out 
of citalopram over time. No correlations were found between con-
centrations in the hair and the estimated daily dose. However, our 
results point toward higher concentrations in dark than light hair 
when considering the estimated doses, and this suggests an influ-
ence of hair color on the results. A significant correlation was found 
between the concentrations in hair and blood. The R/S-ratio of ci-
talopram in hair was similar to previously reported ratios in blood. 
The present study contributes information that is valuable in for-
ensic investigations. 
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