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Abstract
Background According to previous studies, older patients frequently have serum concentrations of antidepressant medication above the recommended reference range.
Objective The aim of this study was to investigate whether prescribed doses of antidepressants and the proportion of individuals with serum concentrations above the recommended reference range in older individuals (≥ 65 years) have changed
over a 10-year period in Norway.
Methods Serum concentration measurements and prescribed daily doses of antidepressants in 2007 and 2017 were extracted
from a therapeutic drug monitoring (TDM) database at the Center for Psychopharmacology, Diakonhjemmet Hospital, Oslo,
Norway. The database contains routine follow-up serum concentration measurements of psychotropic drugs for patients from
all parts of the country. For citalopram, escitalopram, sertraline, mirtazapine and venlafaxine, the differences between 2007
and 2017 in mean prescribed doses and the proportion of patients with at least one serum concentration above the reference
range, according to the Arbeitsgemeinschaft für Neuropsychopharmakologie und Pharmakopsychiatrie (AGNP) guidelines,
were compared. For the proportion of patients with serum concentrations above the recommended reference range, differences between individuals aged 65–79 and ≥ 80 years were also examined.
Results The analyses of prescribed doses included 806 patients from 2007 and 1932 patients from 2017, with 972 and
2441 TDM samples, respectively. Between 2007 and 2017, modest reductions in prescribed daily doses were observed for
citalopram (20 vs. 17 mg/day) and escitalopram (11 vs. 10 mg/day), but the proportion of patients with serum concentrations above the recommended reference range was unchanged for both drugs, i.e. 11.5% vs. 12.4% for citalopram and 3.6%
vs. 2.9% for escitalopram. For mirtazapine and venlafaxine, prescribed doses were reduced from 28 to 25 mg/day and 150
to 125 mg/day, respectively. A significant reduction in the proportion of individuals with serum concentrations above the
recommended reference range was observed for mirtazapine (27.1% vs. 11.5%) and for individuals aged ≥ 80 years using
venlafaxine (60.0% vs. 30.0%). For sertraline, no differences in prescribed doses or serum concentrations above the recommended reference range were observed.
Conclusions Over a 10-year period, prescribed doses of antidepressants have been slightly reduced in older Norwegian
patients, but a considerable proportion is still exposed to high serum concentrations of antidepressants.
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Depression is common among older people [1]. Antidepressant medication is a mainstay in the treatment of depression
and the consumption of antidepressants among older individuals is high [2–4]. In 2018, 11% of Norwegian senior residents were dispensed an antidepressant drug, as opposed to
6% of the total population in Norway [2]. The use of antidepressants in Norway is average when compared with international statistics on drug consumption, and is approximately
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Key Points
Modest reductions in prescribed doses of antidepressants
in older individuals were observed from 2007 to 2017,
but the proportion of individuals with serum concentrations above the recommended reference range was only
reduced for mirtazapine and for individuals aged ≥80
years using venlafaxine.
For the most commonly used antidepressants citalopram
and escitalopram, the proportion of individuals with
serum concentrations above the recommended reference
range was similar in 2017 and 2007, i.e. around 12% and
3%, respectively, despite reductions of 10–15% in the
prescribed doses.

half of that in the United States [5, 6]. The prominent consumption raises questions regarding the benefit and safety
of antidepressant medication in older individuals [2, 4, 7–9].
General treatment recommendations suggest cautious
treatment of older individuals with psychotropic drugs
because of an increased vulnerability towards drug effects,
and also age-related pharmacokinetic alterations contributing to decreased elimination of many drugs [10–14]. Additionally, comorbidities and the number of drugs increase by
age, and thereby the risk for drug interactions and adverse
effects [11, 15]. Altogether, comorbidity, polypharmacy, and
changes in pharmacodynamics, as well as pharmacokinetics,
make older individuals more prone to adverse effects, which
can be especially harmful among older individuals [10, 11,
16]. At the same time, optimal treatment within the same age
group may differ substantially because of larger differences
in comorbidity and frailty with increased age [10, 17].
Increasing evidence of interindividual variability in serum
concentrations of antidepressants exists, and these variations
seem to increase in old age [18–21]. An earlier naturalistic
study showed that serum concentrations of most antidepressants were 1.5- to 2-fold higher in individuals > 65 years of
age compared with younger individuals [18]. Additionally, the
risk of serum concentrations above the upper level of the reference range was doubled among older individuals compared
with younger persons [22]. These findings indicate that older
individuals need lower antidepressant doses, compared with
younger patients, to reach the same serum concentration. In
the aforementioned study, the doses used by older individuals
were somewhat reduced (10–30%), but the general reduction
in prescribed doses was not sufficient to compensate for the
increased serum concentration among older individuals [18].
A national Patient Safety Campaign in Norway over the
last decade has increased the focus on drug safety, including
excessive use of psychotropic drugs among older individuals
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[23]. Additionally, in 2011, relating to an increased awareness of a dose-dependent risk of QT-prolongation, new warnings, contraindications and recommendations on maximum
doses were highlighted for both citalopram and escitalopram
[24, 25]. It may be speculated that the increased focus on cautious drug treatment in older patients, as well as more knowledge on adverse drug reactions, may have contributed to a
reduction in prescribed doses and serum concentration levels
of antidepressants in older individuals. However, as far as we
are aware, this potential development in treatment with antidepressants over time has not previously been investigated.
The aim of this study was therefore to investigate whether
prescribed doses of antidepressants and the proportion of
individuals with measured serum concentrations above the
recommended reference range have been reduced over a
10-year period in older individuals, focusing on five frequently used antidepressants in Norway. Data from a therapeutic drug monitoring (TDM) service were used, since this
provides information both on prescribed doses and actual
serum concentration levels.

2 Methods
2.1 Patients and Samples
Data were acquired from a routine TDM database at the
Center for Psychopharmacology, Diakonhjemmet Hospital,
Oslo, Norway. The database contains serum concentration
measurements of psychotropic drugs for patients from all
parts of the country, both from primary and secondary care.
TDM for the clinical follow-up of patients using newer-generation antidepressants is relatively common in Norway and
is recommended by the AGNP, an interdisciplinary working
group of TDM experts from German-speaking countries,
established in order to promote the appropriate use of TDM
in psychopharmacology [26].
The study included data on citalopram, escitalopram,
sertraline, mirtazapine and venlafaxine, the five most frequently prescribed antidepressants in Norway when disregarding tricyclic antidepressants (TCAs), as TCAs are often
used for indications such as pain relief. This decision was
based on the ability to attain a sufficient sample size for
comparisons between 2007 and 2017. To investigate whether
any observed changes in prescribed doses and serum concentrations were specifically related to old age, data from
individuals < 65 years of age were also extracted from the
database. Thus, all serum concentration measurements for
patients aged 15 years and older treated with one or more of
the aforementioned antidepressants in 2007 and 2017 were
extracted from the database. Additionally, information on
age, sex, prescribed drug dose and time between the last
drug intake and blood sampling were recorded from the
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TDM files (requisition forms). Information on the use of
multiple antidepressants was also registered. TDM samples
lacking information on dose, age or sex were excluded.

2.2 Drug Analyses
Serum analyses of the antidepressants, including relevant
metabolites, were performed by validated and certified analytical methods developed for routine TDM analyses at the
Center for Psychopharmacology, Diakonhjemmet Hospital,
Oslo, Norway. During the time span of the retrospective data
collection, the analytical assays had been modified due to
the renewal of the analytical instrumentation, but all modifications were cross-validated. Briefly, in the current ultraperformance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) method, protein precipitation was first
performed by mixing 500 µL serum sample with 1000 µL
acetonitrile-methanol (90/10 vol/vol), centrifuged for 10 min
at 1800g at − 2 °C, and 5 µL of the purified serum samples
were injected into an Acquity UPLC system (Waters, Milford, MA, USA) with a Micromass Quattro micro tandem
MS detector (Waters) operated in electrospray ionizationpositive mode. Chromatographic separation of all compounds was performed on an Acquity UPLC BEH Shield
RP18 column (1.7 µm, 1.0 × 100 mm; Waters) by gradient
elution from 18 to 45% acetonitrile in 10 mM ammonium
acetate buffer (pH 4.8) in 2.8 min. The total run time was
5.0 min.
MS/MS detection was performed by multiple reactions
monitoring at specific transitions for the different analytes
and internal standards. Calibration curves (n = 5) ranging
from 15–500 nM for citalopram/escitalopram, 20–400 nM
for mirtazapine, 20–300 nM for sertraline, 100–2000 nM for
venlafaxine and 150–2000 nM for O-desmethylvenlafaxine,
fitted to linear or quadratic polynomial functions, gave an
r2 of > 0.995 for the different analytes. At both extremes
of the calibration curves, the intra- and interday validation
parameters of imprecision and inaccuracy showed < 15%
deviation (n = 5) for all compounds. For venlafaxine, the
serum concentration is given as the sum of the parent drug
and the active metabolite.

2.3 Data Analyses
The data were separated into two age groups: patients aged
15–64 years and patients aged ≥ 65 years. In order to assess
the changes in treatment with antidepressants among older
patients between 2007 and 2017, the following data were
calculated for patients ≥ 65 years of age, for each of the
antidepressants: (1) mean prescribed dose; (2) mean serum
concentration; and (3) proportion of patients with at least
one serum concentration above the upper level of the recommended reference ranges according to consensus guidelines

determined by the AGNP [26]. As high serum concentrations may be more problematic in very old individuals, and
may also differ between men and women, for (3) the proportions of patients with serum concentrations above the recommended reference range, differences between individuals aged 65–79 years and ≥ 80 years, and sex differences,
were also examined. For all endpoints, corresponding values
were calculated for individuals < 65 years of age to elucidate
if any observed trends were related to old age or merely
reflected trends irrespective of age.
For evaluation of mean serum concentrations, only samples obtained within 10–30 h after the last drug intake and
with a detected serum concentration within the quantification limits were included, as serum concentrations outside
these limits cannot be accurately determined (Fig. 1). However, samples above the upper quantification limits were
included in the data analysis of the proportion of patients
with serum concentrations above the recommended reference range (Fig. 1).

2.4 Statistics
Within the dataset, there were multiple samples from the
same patients, and some patients had TDM measurements in
both 2007 and 2017. To account for the dependency between
observations from the same individual, linear mixed-effects
models were used to analyze the differences in prescribed
daily doses and serum concentrations between 2007 and
2017. Neither doses nor serum concentrations were normally
distributed, and were therefore log transformed before analyses. For the same reason, data are presented as geometric
means in 2007 and 2017. Sex was included as a covariate in
the mixed-effects model of prescribed doses, whereas both
sex and sampling time were included in the mixed-effects
model of serum concentrations to adjust for possible biases
related to sex and differences in the sampling time within
the interval of 10–30 h between drug intake and time of the
blood test.
For all five antidepressants, the proportion of individuals
with at least one serum concentration measurement above
the recommended reference range was determined in 2007
and 2017. Differences in the proportions of individuals with
serum concentrations above the recommended reference
range between 2007 and 2017, between older (≥ 65 years)
and younger (15–64 years) and young-old (65–79 years) and
very old (≥ 80 years) subjects, as well as sex differences,
were evaluated using the Chi-square test. The Chi-square
test was also used for the evaluation of use of multiple antidepressants in younger (< 65 years) individuals compared
with older (≥ 65 years) individuals.
All analyses of differences between 2007 and 2017 were
performed for both older and younger individuals; the results
for older individuals are presented in the main text, while the
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TDM of andepressant* 2007 and 2017
n= 17,811 paents (24,358 samples)
Excluded

n= 6149 paents (9702 samples)
Missing informaon on age, sex, dose or sampling
me

Included in analyses of prescribed
daily dosages
n= 11,662 paents (14,656 samples)
Excluded

n= 1380 paents (1863 samples)
<10 or >30 h between drug intake and sampling (81%)
No andepressant detected (12.4%)
Serum level below lower limit of quanficaon (6.6%)

Included in analyses of fracon of
paents with serum concentraon
above reference range
n= 10,282 paents (12,793 samples)
Excluded

n= 2 paents (5 samples)
Serum level above upper limit of quanficaon

Analyses of mean serum concentraons
n = 10,280 paents (12,788 samples)
* = citalopram, escitalopram, sertraline, venlafaxine, mirtazapine

Fig. 1  Inclusions and exclusions of patients (samples). TDM therapeutic drug monitoring

results for younger individuals are presented in the online
resources.
Differences in median age between 2007 and 2017 were
calculated using the two-sample Wilcoxon rank-sum test,
while differences in the proportions of females and older
individuals were calculated using the Chi-square test.
Stata IC version 16 (StataCorp, LLC, Statistical Software,
College Station, TX, USA) was used for statistical analyses.
All tests were two-sided and p-values < 0.05 were considered
statistically significant.

2.5 Ethical Considerations
This study was approved by the Regional Committee for
Medical and Health Research Ethics (ref. 2018/655) and the
Hospital Investigational Review Board.

3 Results
3.1 Included Patients and Samples
Overall, 17,811 patients, regardless of age, with a total of
24,358 TDM analyses, were extracted from the TDM database (Fig. 1). Among these, 11,662 individuals (14,656
samples) were included in the analysis of dose trends, and

10,282 individuals (12,793 samples) were included in the
analyses of the proportion of individuals with at least one
serum concentration above the recommended reference
range. Finally, 10,280 individuals (12,788 samples) fulfilled
the criteria for analyses of difference in serum concentrations (Fig. 1). Approximately 20% of the samples were from
hospitalized patients, while the remaining samples were
from outpatients or nursing home patients.
In our dataset, the total number of TDM samples of antidepressants in 2017 was higher than in 2007, and 15% of
the samples were from older individuals in 2007 compared
with 30% in 2017 (Table 1). The fractions of males and
females were similar in 2007 and 2017 within both younger
and older individuals (Table 1). For older individuals using
escitalopram, mirtazapine and venlafaxine, median age
was slightly higher in 2017 compared with 2007 (79 vs.
75 years, 82 vs. 77 years, and 75 vs. 72 years, respectively)
(Table 1).

3.2 Prescribed Daily Doses in 2017 versus 2007
Table 2 shows the differences in doses in 2017 compared
with 2007. For citalopram, escitalopram and mirtazapine,
the mean doses in 2007 compared with 2017 were 20 vs.
17 mg/day (p < 0.001), 11 vs. 10 mg/day (p < 0.001) and
28 vs. 25 mg/day (p = 0.003), respectively. The most apparent difference was seen for venlafaxine, where a 17% dose
reduction from 2007 to 2017 was observed (150 vs. 125 mg;
p < 0.001). The mean sertraline dose was somewhat higher
in 2017 compared with 2007, but the confidence intervals
were large. Similar differences in mean prescribed doses
between 2007 and 2017 were found for younger individuals
(online resource 1).

3.3 Measured Serum Concentrations in 2017
versus 2007
Mirtazapine was the only antidepressant where a significantly lower mean serum concentration was observed from
2007 to 2017 (50 vs. 41 ng/mL; p < 0.001) (Table 3). For
the other antidepressants, the observed dose reductions
from 2007 to 2017 were not accompanied by concurrent
reductions in mean serum concentration. On the contrary,
for escitalopram, mean serum concentrations increased
by 17% from 2007 to 2017 (18 vs. 21 ng/mL; p = 0.002)
(Table 3). The differences in mean serum concentrations
between 2007 and 2017 in younger individuals were similar to those observed in older individuals (online resource
2).
The use of multiple antidepressants was found in 20%
of individuals aged ≥ 65 years using selective serotonin
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Table 1  Characteristics for individuals included in the analyses of mean prescribed doses

All antidepressants

Year

Age group, years

Median age, years
(IQR)

2007

< 65
≥ 65
< 65
≥ 65

41 (19)
76 (13)
41 (22)
79 (15)

< 65
≥ 65
< 65
≥ 65

42 (17)
77 (13)
46 (20)
78 (18)

< 65
≥ 65
< 65
≥ 65

41 (20)
75 (12)
40 (21)
79 (16)

< 65
≥ 65
< 65
≥ 65

39 (19)
78 (13)
35 (24)
75 (13)

< 65
≥ 65
< 65
≥ 65

44 (19)
77 (12)
46 (22)
82 (14)

< 65
≥ 65
< 65
≥ 65

43 (18)
72 (12)
44 (22)
75 (13)

2017

Citalopram

Total
2007
2017

Escitalopram

Total
2007
2017

Sertraline

Total
2007
2017

Mirtazapine

Total
2007
2017

Venlafaxine

Total
2007
2017
Total

No. of individuals
(% female)
4409 (60)
806 (75)
4515 (61)
1932 (72)
11,662 (64)
422 (61)
126 (75)
229 (63)
128 (73)
905 (65)
2039 (63)
268 (74)
2216 (64)
753 (71)
5280 (65)
456 (64)
92 (83)
777 (65)
176 (73)
1532 (66)
452 (50)
181 (72)
435 (47)
586 (72)
1654 (59)
1040 (58)
139 (74)
858 (59)
289 (74)
2326 (61)

No. of samples
(% female)
5639 (60)
972 (76)
5604 (62)
2441 (72)
14,656 (64)
514 (62)
141 (74)
276 (64)
154 (73)
1085 (66)
2594 (64)
320 (76)
2747 (65)
939 (71)
6600 (66)
599 (64)
111 (81)
960 (64)
232 (73)
1938 (65)
591 (51)
230 (75)
541 (48)
729 (72)
2091 (60)
1341 (56)
170 (74)
1080 (60)
387 (73)
2978 (60)

IQR interquartile range

Table 2  Prescribed doses (mg/day) in individuals aged ≥ 65 years, in 2017 versus 2007
Antidepressant
Citalopram
Escitalopram
Sertraline
Mirtazapine
Venlafaxine
a
b

Patients (samples)
Doseb
Patients (samples)
Doseb
Patients (samples)
Doseb
Patients (samples)
Doseb
Patients (samples)
Doseb

By linear mixed-effects model, adjusted for sex
Data are expressed as geometric mean (95% confidence interval)

2007

2017

126 (141)
20 (19–22)
268 (320)
11 (11–12)
92 (111)
60 (54–67)
181 (230)
28 (27–30)
139 (170)
150 (139–163)

128 (154)
17 (16–18)
753 (939)
10 (10–10)
176 (232)
72 (67–77)
586 (729)
25 (25–26)
289 (387)
125 (118–133)

p valuea
< 0.001
< 0.001
0.10
0.003
< 0.001
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reuptake inhibitors (SSRIs) or venlafaxine in 2017, which
was twofold higher when compared with younger individuals (p = 0.001) [online resource 3]. For mirtazapine, the proportion was higher in both younger and older individuals
(47% and 40%, respectively) [online resource 3]. The findings for 2007 were comparable (data not shown).

3.4 Proportions Above the Reference Range in 2017
versus 2007
A lower proportion of individuals with at least one serum
concentration above the recommended reference range was
only found for mirtazapine (27.1 vs. 11.5%; p < 0.001),
while a tendency for a reduction was seen for venlafaxine (42.9 vs. 34.5%; p = 0.12) (Fig. 2a). However, a significant reduction from 2007 to 2017 was observed for
individuals aged ≥ 80 years using venlafaxine (60.0% vs.
30.0%; p = 0.007) (Fig. 2c). No difference in the proportion above the recommended reference range in 2017
compared with 2007 was seen for citalopram, escitalopram or sertraline, or when differentiating between individuals aged 65–79 years and individuals aged ≥ 80 years
(Fig. 2). There were no sex differences, except for citalopram, where the proportion with serum concentrations
above the recommended reference range was significantly
higher for women compared with men (15.4% vs. 1.8%)
[data not shown].
Corresponding findings for younger individuals are
shown in online resource 4. In both 2007 and 2017, the proportion of individuals with at least one serum concentration
above the recommended reference range was almost doubled
among older individuals compared with younger individuals (16.8% vs. 9.0% in 2007 and 10.6% vs. 6.0% in 2017)
(Fig. 2a in the main text, and online resource 4).

4 Discussion
In the present study examining data from a TDM service in
Norway in 2007 and 2017, we observed minor reductions
in the prescribed doses of antidepressants to older people.
Despite statistically significant differences, the observed
reductions were small, especially for the most commonly
used antidepressants citalopram and escitalopram. For mirtazapine, the dose reduction was accompanied by a corresponding reduction in the proportion of individuals with
serum concentrations above the recommended reference
range; this was also observed for individuals aged ≥ 80 years
using venlafaxine, but not for the commonly used citalopram
and escitalopram. Similar changes from 2007 to 2017 were
also observed for younger individuals (< 65 years), indicating that the observed reductions are not specifically associated with old age.
The majority of the TDM data analyzed in this study were
from patients using escitalopram, which is the antidepressant
most often used among both older and younger individuals
in Norway [2]. The finding of reductions in prescribed doses
of escitalopram and citalopram complies with the regulatory
warnings and lower recommended doses at the end of 2011,
although mean prescribed doses in 2017 are still close to
the maximum recommended doses [24, 25]. The recommendation on reducing the maximum doses of citalopram and
escitalopram was based on reports of a correlation between
the administered dose and the risk of QTc prolongation [24,
25]. Although the literature is sparse regarding the direct
association between serum concentrations of SSRIs and the
risk of cardiac toxicity, a correlation between QTc prolongation and serum concentrations of citalopram after intoxication has been reported [27]. Overall, the higher proportions
of older individuals with serum concentrations above the

Table 3  Serum concentrations (ng/mL) in individuals aged ≥ 65 years, in 2017 versus 2007
Antidepressant
Citalopram
Escitalopram
Sertraline
Mirtazapine
Venlafaxine
a
b

Patients (samples)
Serum concentrationb
Patients (samples)
Serum concentrationb
Patients (samples)
Serum concentrationb
Patients (samples)
Serum concentrationb
Patients (samples)
Serum concentrationb

By linear mixed-effects model, adjusted for sex and sampling time
Data are expressed as geometric mean (95% confidence interval)

2007

2017

104 (116)
55 (48–62)
225 (266)
18 (17–20)
78 (95)
20 (17–24)
167 (208)
50 (45–54)
119 (148)
340 (303–381)

115 (139)
49 (44–54)
693 (858)
21 (20–22)
164 (214)
24 (21–26)
565 (695)
41 (39–43)
261 (344)
310 (292–329)

p valuea
0.15
0.002
0.77
0.001
0.46
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a

60%

b

60%

50%

50%

42.9 %
40%

40%

37.6 %

34.5 %

30%

30%

27.1 %

20%

10%

11.5 %

12.4 %

*
10.6 %

11.5 %

26.7 %

20%

16.8 %

*

16.3 %
12.5 %
9.7 %

10%

*
10.7 %

4.4 %

3.6 % 2.9 %
0%

0.6 %
n=104 n=115 n=225 n=693 n=78 n=164 n=167 n=565 n=119 n=261 n=693 n=1798

Citalopram Escitalopram Sertraline

Mirtazapine Venlafaxine

36.5 %

0%

n=62 n=62

2.6 %

1.0 %

n=158 n=344 n=47 n=105 n=100 n=234

Citalopram Escitalopram Sertraline

Total

2007

2007
2017
*Stascally significant difference between 2007 and 2017, p<0.001
P value by Chi-square test

*

11.7 %

n=93 n=181 n=460 n=928

Mirtazapine Venlafaxine

Total

2017

*Stascally significant difference between 2007 and 2017, Mirtazapine p<0.001 and
Total p<0.001
P value by Chi−square test

60.0 %

60%

c

50%

40%
*

30%

27.3 %

30.0 %

20%

17.3 %
14.3 %
11.8 %

*
12.1 %

*

9.3 %

10%
1.5 %
0%

n=42 n=51

3.2 %

n=67 n=346 n=31 n=59

Citalopram Escitalopram Sertraline
2007

n=66 n=331

n=25 n=80

Mirtazapine Venlafaxine

n=231 n=867

Total

2017

*Stascally significant difference between 2007 and 2017, Mirtazapine p=0.001,
Venlafaxine p =0.007 and Total p =0.001
P value by Chi−square test

Fig. 2  Fraction of individuals with at least one sample above the recommended reference range. a ≥ 65 years; b 65–79 years; c ≥ 80 years

recommended reference range may indicate a higher risk of
cardiac adverse effects in these individuals.
A clear reduction in both prescribed doses, mean serum
concentration and the proportion of patients with serum
concentrations above the recommended reference range
was observed for mirtazapine. Mirtazapine is an atypical
antidepressant with a considerable sedative effect prominent in low-dose regimens, and, because of its distinctive
receptor profile and anticipated lower risk of adverse drug

reactions such as hyponatremia and bleeding, mirtazapine
is a frequently used comedication with other antidepressants
and might also be a preferred antidepressant in patients with
considerable comorbidity and polypharmacy [28–31]. The
prominent reduction in the proportion of individuals with
serum concentrations above the recommended reference
range observed in our study may imply a reduced risk of
adverse effects in these patients. However, the lower doses
and serum concentrations of this substance found in 2017,
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compared with 2007, may be due to increased use as an
add-on therapy and/or increased use as a sedative, perhaps
because of changes in regulatory warnings on the use of
antipsychotics to older individuals. Furthermore, in our
study, 40% of older individuals treated with mirtazapine
had additional antidepressants detected in the blood in 2017,
which was twice the frequency observed for individuals
treated with any of the other antidepressants.
Venlafaxine displayed the greatest reduction in prescribed doses between 2007 and 2017, and also an overall tendency of a reduction in the proportion of individuals aged ≥ 65 years with serum concentrations above the
recommended reference range. However, when examining
differences within the older individuals specifically, the
proportion of individuals with serum concentrations above
the recommended reference range between 2007 and 2017
was reduced by 50% in individuals ≥ 80 years, while no
change was observed for individuals aged 65–79 years. The
dose reduction observed in the oldest patients could possibly be explained by the increased focus on adverse effects
associated with higher doses of venlafaxine [32]. Recently,
an association between QTc prolongation and high serum
concentration was demonstrated for older people using venlafaxine [33]. Increased awareness about the age-related
higher serum concentrations in older individuals treated
with venlafaxine could be another explanation, but reductions in prescribed doses between 2007 and 2017 in individuals aged < 65 years were similar, indicating that age-related
changes in pharmacokinetics and pharmacodynamics are not
the reason for the observed dose reduction [19–21]. In our
study, the proportion of patients with serum concentrations
of venlafaxine above the recommended reference range was
high, which may partly be explained by a difference between
the reference range used locally at Diakonhjemmet Hospital,
where the TDM analysis were performed, and the reference
range recommended by the AGNP.
In spite of the small reduction in the mean prescribed
dose for escitalopram, the mean serum concentration
actually increased between 2007 and 2017. This implies
an increase in the dose-adjusted serum concentration
(C/D ratio) between 2007 and 2017; when the C/D ratio
was investigated, a similar pattern was also observed for
venlafaxine. Because of gradual changes in pharmacokinetics with increased age, treatment of a relatively older
population, as shown by a higher median age in our study,
would possibly contribute to the increased C/D ratio. However, age cannot be the only explanation since a corresponding pattern was also observed among younger individuals
where the median age was similar between 2007 and 2017.
Another factor contributing to the increased C/D ratio may
be the increased comedication with interacting drugs, e.g.
proton pump inhibitors inhibiting the cytochrome P450
(CYP) 2C19 metabolism. However, due to the limited and
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unstructured information about comedications on the TDM
requisition forms, this speculation cannot be further elucidated. Furthermore, a general increased attention towards
adverse drug reactions of antidepressant medications could
possibly have resulted in a change in the TDM requisition
pattern where clinicians, to an increased extent, may request
serum concentration measurements when high values are
expected.
In our study, the higher proportion of TDM samples from
older individuals in 2017 compared with 2007 might be
interpreted as improved follow-up of antidepressant therapy
in older individuals, possibly as a result of an increased
focus on drug safety and follow-up of older patients, and
more knowledge on adverse drug reactions [22–25]. On
the other hand, only modest reductions in prescribed doses
and serum concentration measurements of antidepressants
in older individuals were observed when compared with
younger individuals. For all five antidepressants, the proportion of individuals with serum concentrations above the
recommended reference range was still near twofold higher
among older individuals compared with younger individuals in 2017, which is comparable with earlier findings [22].
With the exception of venlafaxine, no differences between
2007 and 2017 in the proportion of individuals with serum
concentrations above the recommended reference range
were found when comparing people within the older patient
group (65–79 years vs. ≥ 80 years). In addition, in 2017, the
use of multiple antidepressants was twofold higher in older
individuals, with the exception of mirtazapine. In total, our
findings indicate that older individuals are more intensively
treated when compared with younger individuals.
It must be noted that serum concentrations above the recommended reference range does not necessarily mean overmedication, as the TDM reference ranges are not absolutely defined
therapeutic ranges. In addition, specific TDM reference ranges
adjusted to older and frail patients do not exist [26]. The higher
serum levels among older individuals observed in the present
study does not necessarily mean that older individuals are
overmedicated; on the contrary, it could indicate that there are
several younger patients treated with suboptimal antidepressant doses. Furthermore, a higher risk may be justified if treatment response is improved. Nevertheless, there is increasing
evidence on both the dose-dependent effect of antidepressants
and between serum levels and clinical improvement/adverse
effects, including no increased effect when the recommended
reference ranges are exceeded [27, 33–38]. A recent work from
our laboratory demonstrated a u-shaped risk of switching from
escitalopram to alternative antidepressant therapy that correlated with both high and low serum concentrations of escitalopram, which likely reflects unacceptable adverse effects or lack
of effect, respectively [38].
When using TDM data, there are some limitations that
should be taken into consideration. A possible bias is that
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TDM may be performed more frequently when non-compliance or adverse drug reactions are suspected, which might
also be different between the two age groups [39–43]. In
addition, it can be assumed that TDM is requested more
frequently when the total treatment load is high, i.e. when
patients are using high doses or multiple antidepressant and/
or additional psychotropic drugs simultaneously. Furthermore, antidepressant doses may differ between diagnosis
and the duration of treatment, as careful dose adjustments
are recommended in the initiation and termination of antidepressant therapy. Unfortunately, in our study, information on the reasons for TDM was not available, neither on
diagnosis, use of additional psychotropic drugs, nor duration
of use. Finally, use of antidepressants may differ between
primary and secondary health care, for which we had only
limited information. On the other hand, TDM data make
it possible to consider serum concentrations, and samples
where medication has not been taken (i.e. no antidepressant
detected) can be identified. In Norway, the costs for the use
of TDM are covered by the publicly financed health care
system, which imply that decisions on the use of TDM are
not limited by the financial situation of the patient. Furthermore, the large sample size from both primary and specialist
health care, and from all parts of the country, contributes to
important knowledge regarding changes in antidepressant
treatment in older individuals.

5 Conclusion
During the last decade, there has generally been a small
reduction in the prescribed doses of antidepressants among
older individuals in Norway. A reduction in the proportion
of older individuals with serum concentrations above the
recommended reference range was only found for mirtazapine and individuals aged ≥ 80 years using venlafaxine. For
the most commonly used antidepressants citalopram and
escitalopram, prescribed doses have been slightly reduced
(10–15%), but the proportion of patients with serum concentrations above the recommended reference range has not
changed. The overall findings of this study suggest that a
considerable proportion of older individuals still attain high
serum concentrations of antidepressant medications.
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