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A B S T R A C T   

Aims: To investigate the association between antidepressant prescribing and the rate of insulin initiation in type 2 
diabetes. 
Methods: Using UK primary care records we completed a nested-case control study in a individuals with comorbid 
depression and type 2 diabetes. Cases were defined as individuals initiating insulin, controls were individuals 
remaining on oral antidiabetic medication. We used conditional logistic regression to estimate incident rate 
ratios (IRR) and the 95% confidence intervals (CI) for the association between antidepressant prescribing and 
initiating insulin. We adjusted for demographic characteristics, comorbidities, health service and previous 
medication use. 
Results: We included 11,862 cases who initiated insulin, and 43,452 controls. Increased rates of insulin initiation 
were associated with any antidepressant prescription (IRR 3.78, 95% CI 3.53–4.04), longer (24+ months) du
rations of antidepressant treatment (IRR 5.61, 95% CI 5.23–6.03), and higher numbers (3+) of different anti
depressant agents prescribed (IRR 5.72, 95% CI 5.25–6.24). There was no difference between recent and non- 
recent antidepressant prescriptions, or between different antidepressant agents. 
Conclusions: Antidepressant prescribing was highly associated with the initiation of insulin therapy. However, 
this may not indicate a direct causal effect of the antidepressant medication itself, and may be a marker of more 
severe depression influencing diabetic control.   

1. Introduction 

It is estimated that one in four people with type 2 diabetes have 
comorbid depression [1]. Depression has been shown to be associated 
with poor glycaemic control [2] and the development of diabetic com
plications [3]. Depression symptoms, such as loss of motivation, can 
impede diabetic self-care [4] and adherence to diabetic treatments [5]. 
Depression can also lead to unhealthy lifestyle behaviours, such as poor 
diet [6] and low physical activity [7] – both of which can exacerbate 
type 2 diabetes [8]. Thus, conceptually, the successful treatment of co
morbid depression could improve diabetic health in individuals with 
type 2 diabetes. 

Antidepressant medication is recommended by national and inter
national healthcare guidelines as a treatment option for individuals with 
moderate to severe depression [9–12]. For individuals with type 2 dia
betes, there is evidence that antidepressant treatment is effective in 
improving depression symptoms and glycaemic control in the short-term 
[13–15]. However, there is a lack of evidence concerning the long-term 
impact of antidepressant treatment in comorbid depression and type 2 
diabetes. A 2022 systematic review [16] investigated the impact of an
tidepressant treatment, meeting the minimum recommended treatment 
duration of 6 months, on long-term diabetic outcomes in adults with 
comorbid depression and type 2 diabetes. However, no studies fulfilling 
these criteria were found. There are a small number of relevant studies 
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investigating the long-term impact of antidepressant treatment on gly
caemic control in less specific patient groups, described below, however, 
the findings are mixed. One study investigating reports listed in the 
World Health Organisation (WHO) Adverse Drug Reaction database, 
found long-term antidepressant use (greater than1 year) to be associated 
with both hyperglycaemia and hypoglycaemia [17]. However, this was 
not limited to individuals with depression or type 2 diabetes, both of 
which may have confounded the study’s findings. A large cohort study in 
Taiwan of 26,746 patients with diabetes and depression found that long- 
term antidepressant use prior to baseline was associated with a reduc
tion in hyperglycaemic crisis episodes over time [18]. However, the 
antidepressant treatment may have been up to 12 years prior to the 
hyperglycaemic crisis, and ongoing antidepressant status between 
baseline and the event was unknown, making it difficult to attribute the 
association to any direct biological effect. The study was also not specific 
to type 2 diabetes, and did not differentiate between different antide
pressant agents. Conversely, a cross-sectional study in the Netherlands 
found that SSRIs were associated with using insulin, and thereby 
potentially worse glycaemic control [19]. However, this study was un
able to investigate the effect of treatment duration, or to make as
sumptions of causality due to its cross-sectional design. Furthermore, it 
was not specified that participants had a diagnosis of depression, and so, 
the true association may have been with the depressive disorder itself. 

Insulin initiation, which may be defined as the initiation of insulin 
therapy in type 2 diabetes, represents a long-term decline in glycaemic 
control, and the failure of oral antidiabetic treatment. We aimed to 
investigate the association between antidepressant prescribing and the 
rate of insulin initiation in adults with comorbid depression and type 2 
diabetes. 

We hypothesised that antidepressant prescribing would be associ
ated with a decreased rate of insulin initiation, due to the positive 
impact of treating depression on an individual’s diabetic health and self- 
care. 

2. Research design and methods 

2.1. Study design and setting 

We carried out a nested case-control study using longitudinal data 
from the UK Clinical Practice Research Datalink (CPRD). The CPRD 
contains electronic health records (EHRs) for over 60 million people, 
across 2000 primary care practices [20], and has been shown to be 
representative of the UK population with respect to age, gender and 
ethnicity [21–22]. The CPRD includes two separate databases which we 
combined, CPRD Gold and CPRD Aurum, based on different computer 
software packages used for the EHRs. The datasets are similar and 
include all demographic information, diagnoses, symptoms, laboratory 
tests and other health indicators recorded by the general practitioner, as 
well as all prescriptions issued. 

We used the nested case-control approach because of the time 
varying nature of both depression and of antidepressant use [23–24], the 
large sample size and long duration of follow-up [23–24], and the ex
amination of multiple exposures. The nested case-control study is an 
efficient alternative to cohort analysis when studying time-varying ex
posures, as it has superior computational efficiency to Cox regression 
and has been found to yield similar results [25]. 

Our study period ran from 1 January 2000, to 31 December 2018. 

2.2. Participants 

The cohort within which our case-control study was nested, included 
individuals with comorbid depression and type 2 diabetes, who had 
started oral antidiabetic medication during their EHR follow-up, as 
below: 

1 – Depression. 
Including: Individuals with any clinical code for depression 

symptom, diagnosis or process of care, with at least one record for 
depression after the first record related to type 2 diabetes; 

Excluding: Individuals who only had depression codes related to 
dementia, maternity, schizophrenia or bipolar disorder (as these are 
distinct disorders to depression); 

2 – Type 2 diabetes: 
Including: Individuals with at least one oral antidiabetic medication 

prescription code during their EHR follow-up, with the first oral anti
diabetic prescription dated at least 6 months after the individual’s date 
of registration to ensure we were capturing the start of oral antidiabetic 
treatment; also, two blood/serum glucose/HbA1C tests recorded above 
the threshold for type 2 diabetes; these inclusion criteria are based on 
previous research which shows the necessity of cross-validation for type 
2 diabetes identification in EHRs [26–27] 

Excluding: Individuals with less than 6 months between the date of 
the first recorded oral antidiabetic prescription and the first recorded 
insulin prescription (possible type 1 diabetes or gestational diabetes), or 
individuals who only had codes or medication for type 2 diabetes pre
sent during periods of pregnancy (possible gestational diabetes only); 

We defined the date of a participant’s first oral antidiabetic pre
scription as their study entry date. We considered this to be the start of 
pharmacological treatment for type 2 diabetes. Participants were 
observed until the date of their first insulin prescription, date of death, 
end of registration with the general practice, or end of the study period 
(31 December 2018), whichever was first. 

The study design for cases and controls is illustrated in Fig. 1. 

2.3. Selection of cases (individuals who initiated insulin treatment) 

We identified any participant who received a prescription of insulin 
during the study period as a case and used the date of the first insulin 
prescription as the index date. We calculated the observation period 
duration for cases as the number of days between initiating oral anti
diabetic medication (study entry date) and the date of the first insulin 
prescription (index date). 

We excluded any cases who did not have one or more controls, or 
who did not have a code for depression between entering the study (the 
date of starting oral antidiabetic medication) and the index date (the 
date of insulin initiation). 

2.4. Selection of controls (individuals who had not yet initiated insulin 
treatment) 

We matched all cases to up to 4 randomly selected eligible controls. 
Eligible controls were participants who met the following criteria:  

1. Had not started insulin by the time they reached the same number of 
days in the observed period as the case;  

2. Had a code for depression within the same number of days in the 
observed period as the case;  

3. Were exact matches for the case based on the 5 year age group at 
study entry, gender and GP practice. 

We included all participants in the risk-set from which potential 
controls were selected, regardless of whether or not they later became a 
case. 

For controls the index date was the same as their matched case, with 
respect to the number of days in the observed period from study entry to 
insulin initiation. 

2.5. Primary exposure 

We defined the primary exposure as being prescribed one or more 
antidepressant recorded between the study entry and the index date. We 
included the following antidepressant medications which have been 
licensed for use in treating depression in the UK during the follow-up 
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period. 

SSRIs: Citalopram, escitalopram, fluoxetine, fluvoxamine, paroxe
tine, sertraline; 
SNRIs: Duloxetine, venlafaxine; 
TCAs: Amitriptyline >= 50 mg per day*, amoxapine, clomipramine, 
dosulepin, oral doxepin, imipramine, lofepramine, maprotiline, 
nortriptyline >=50 mg per day*, trimipramine; 
MAOIs: Isocarboxazid, phenelzine, tranylcypromine; 
Atypical: Agomelatine, mianserin, mirtazapine, moclobemide, nefa
zodone, reboxetine, trazodone, tryptophan, vortioxetine. 

*Amitriptyline and nortriptyline were included only at the anti- 
depressant dose of >= 50 mg per day, rather than lower hypnotic or 
neuralgia doses. 

2.6. Secondary analyses 

We performed secondary analyses on four subcategories exposures of 
our primary exposure: 

i) Recent or past antidepressant use: We defined recent antidepres
sant users as any antidepressant prescription within 182 days [6] of the 
index date. We defined participants who only had a previous antide
pressant prescription more than 182 days before the index date, as past 
antidepressant users. The reference category was no antidepressant 
prescription. 

ii) Cumulative duration of antidepressant use: We calculated a par
ticipant’s cumulative duration of antidepressant use as the sum of the 
duration of each antidepressant course. We calculated the duration of 

each antidepressant course as the number of days between the first and 
last prescription of any antidepressant, plus the duration of that last 
prescription. If a participant had a gap of >90 days after a prescription 
without any antidepressant, that was considered to be the last pre
scription in that treatment episode, and any subsequent prescriptions 
were counted as subsequent treatment episodes. We categorised the 
cumulative duration of antidepressant use as < 6 months, 6–12 months, 
13–24 months and >24 months. The reference category was no anti
depressant prescription. 

iii) Number of different antidepressant agents prescribed: We coun
ted the number of different antidepressant agents, as listed in the main 
exposure, an individual received prescriptions for during the study 
follow-up period. We categorised these as: 0 (reference category), 1, 2 
and 3+. 

iv) For individuals who were prescribed only one antidepressant 
during the study follow-up period, we performed a subgroup analysis, 
with the specific antidepressant agent as the exposure, to compare the 
effect of different antidepressant agents. We used citalopram as the 
reference category as this is the most commonly prescribed antide
pressant in the England [28]. We performed a Bonferroni correction of 
the p-values to account for the increased risk of type 1 error when 
making multiple statistical tests. Bonferroni correction multiplies the p- 
value by the number of exposures and covariates to a maximum of 1 – 
statistical significance is set at 0.05. 

We also performed subgroup analyses for the main exposure by 
gender and ethnicity. 

Fig. 1. Study cohort and observed period to investigate the association between antidepressant prescribing and insulin initiation.  
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2.7. Covariates 

We included the following covariates, measured at or before the 
study entry date, as potential confounders associated with both anti
depressant treatment and insulin initiation. 

Demographic characteristics: In addition to the variables used for 
matching, we also included ethnicity. Where ethnicity was missing, we 
recoded this as “White”, as it has been found in previous studies that 
more than 90% of individuals in the UK EHRs with missing ethnicity are 
of White ethnicity [29]. Socioeconomic status is recorded at primary 
care practice level, and so was accounted for inclusion of the primary 
care practice ID. 

Health characteristics: We included a range of health characteristics 
that may be confounders through an association with antidepressant use 
(either directly or indirectly through an association with depression) 
and insulin initiation (either directly or indirectly through an associa
tion with poor overall physical health, or health behaviours):  

• The following comorbidities based on codes Elixhauser comorbidity 
codelist [30]: alcohol abuse, blood loss anaemia, cardiac arrythmia, 
chronic pulmonary disease, coagulopathy, deficiency anaemia, drug 
abuse, fluid and electrolyte disorders, hypertension (uncompli
cated), hypertension with end organ damage, hypothyroidism, liver 
disease, lymphoma, metastatic cancer, other neurological disorders, 
paralysis, peptic ulcer disease, peripheral vascular disease, psycho
ses, pulmonary circulation disorders, renal disease, rheumatoid 
arthritis and collagen diseases, solid tumor or leukaemia, valvular 
disease – we coded the presence of each individual condition for 
participants who had a relevant code recorded prior to the study 
entry date;  

• The most recent recorded BMI value categorised into “normal” 
(<25), “overweight” (25 to < 30), and “obese” (30+); where no 
value for BMI was available, we estimated the value using multiple 
imputation;  

• Smoking status categorised into “current smoker” (most recent 
smoking code related to current smoking within 12 months before 
study entry), “ex-smoker” (most recent smoking code related to 
historic smoking, or most recent code related to current smoking 
more than 12 months before study entry, or most recent code related 
to non-smoking with prior codes related to current or historic 
smoking), “non-smoker” (no codes related to smoking, or non- 
smoking codes only);  

• Diabetes duration, defined as the number of months between the first 
diabetes related code (this could include diagnosis, symptom, pro
cess of care, or medication) and the date of the first oral antidiabetic 
medication prescription; 

• Number of GP consultations (any contact with a primary care pro
fessional in person or over the telephone) recorded in the 12 months 
prior to the study entry date. 

We did not include glycaemic control as a covariate as all partici
pants would be expected to have hyperglycaemia at the time of starting 
oral antidiabetic medication, which was when participants entered the 
study and all covariates were measured, and by definition on reaching 
the outcome of insulin initiation. 

Medication history: We included the number of different pharma
cological medications prescribed (excluding vaccinations, topical med
ications and supplements) in the 90 days before the study entry. As it 
was not possible to account for markers of depression and depression 
severity at study entry, we included any previous antidepressant pre
scription in the 12 months prior to study entry, to indicate previous 
depression at a severity requiring pharmacological treatment. 

2.8. Statistical analysis 

We reported sample characteristics, stratified by cases (who started 

insulin) and controls (who did not start insulin). We reported numbers 
and proportions for categorical variables (sex, comorbidities, previous 
antidepressant use, smoking status, BMI), and performed chi-squared 
tests to assess differences between cases and controls. We reported 
medians and interquartile ranges for continuous variables (age, poly
pharmacy count, service contacts, diabetes duration, follow-up time), 
and performed Mann-Whitney U tests to assess differences between 
cases and controls. 

We used conditional logistic regression to estimate adjusted incident 
rate ratios (IRR) and corresponding 95% confidence intervals (CI) for 
the association between each of our antidepressant prescribing expo
sures and the risk of initiating insulin therapy. As we have used a nested 
case-control design, with incident rate sampling and individual match
ing, the odds ratios computed by conditional logistic regression are 
unbiased estimates of incident rate ratios [31] with little or no loss in 
precision [25]. We report the results of our analyses as incident rate 
ratios (IRR). We initially performed univariable analyses, and then 
multivariable analyses adjusting for all aforementioned covariates. 

All analysis was performed using R version 4.0.5. 

3. Results 

The base cohort consisted of 105,826 individuals with comorbid 
depression and type 2 diabetes, who started oral antidiabetic medication 
between the years 2000–2018. From this, we identified 11,862 cases 
who initiated insulin treatment, and matched these with 43,452 controls 
who did not initiate insulin. Table 1 shows baseline characteristics of 
cases and controls. The two groups were balanced in terms of de
mographic characteristics with the exception of a higher proportion of 
Asian and Mixed ethnicities in the control group. Cases had a higher 
prevalence of each comorbidity at baseline, with the exception of 
alcohol abuse, blood loss anaemia, drug abuse and psychosis. 

Table 2 shows univariable and multivariable analysis results for each 
exposure and Table 3 shows univariable and multivariable analysis re
sults for the subgroup analysis that compared individual antidepressant 
agents. 

After adjusting for demographic characteristics, comorbidities and 
prescription history at baseline, the incident rate ratio (IRR) for the rate 
of insulin initiation in individuals who were prescribed at least one 
antidepressant prescription during the follow-up period compared to 
those without any antidepressant prescription was 3.78 (95% confi
dence intervals (CI) 3.53–4.04). 

There no statistically significant evidence of a difference between 
individuals who had recent antidepressant prescriptions (in the 6 month 
time period before the index date/date of insulin initiation or not) and 
those who only had non-recent antidepressant prescriptions. 

There was a positive association between the cumulative duration of 
antidepressant treatment and insulin initiation: the adjusted IRR for the 
shortest durations of treatment (<6 months) compared to no antide
pressant prescription was 3.94 (95% CI 3.64–4.27), while in the longest 
durations of treatment (>24 months) the adjusted IRR compared to no 
antidepressant treatment was 5.61 (95% CI 5.23–6.03). 

There was a positive association between the number of antide
pressant agents prescribed and insulin initiation: the adjusted IRR for 
only one antidepressant agent compared to none was 3.93 (95% CI 
3.69–4.19), while the adjusted IRR for 3+ antidepressant agents 
compared to none was 5.72 (95% CI 5.25–6.24). 

In our subgroup analysis of individuals who only received only one 
antidepressant agent during the study follow-up period, there was no 
statistically significant difference between the rates of insulin initiation 
for different antidepressant agents, after adjustment for covariates and 
Bonferroni correction. 

The following comorbidities were associated with an increased rate 
of insulin initiation: cardiac arrhythmia, chronic pulmonary diseases, 
chronic heart failure, deficiency anaemia, fluid and electrolyte disor
ders, liver disease, metastatic cancer, other neurological disorders, 
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peptic ulcer disease, peripheral vascular disease, renal disease and solid 
tumours or leukaemia. The following covariates associated with a 
decreased rate of insulin initiation: Asian ethnicity, increased count of 
GP consultations, being an ex-smoker and obesity. There were no sta
tistically significant differences in the subgroup analyses performed for 
gender and ethnicity. 

Table 1 
Characteristics of cases and controls, at the time of study entry.   

Cases Controls Test of 
association** 

Sample size 11,862 43,452 - 

Female (%) 6,378 
(53.77) 

23,404 
(53.86) 

p = 0.8647 

Median age (IQR) 53 (45-62) 53 (46-61) p < 0.0001 

Ethnicity:   

p < 0.0001 

Asian (%) 433 (3.65) 2,298 
(5.29) 

Black (%) 249 (2.10) 1,077 
(2.48) 

Missing* (%) 4,247 
(35.80) 

14,766 
(33.98) 

Mixed (%) 49 (0.09) 239 (0.55) 
Other (%) 36 (0.41) 229 (0.53) 
White (%) 6,848 

(57.73) 
24,843 
(57.17) 

Median (IQR) polypharmacy 
count 

6 (3-9) 6 (3-9) p = 0.0350 

Number of service contacts in 
last 12 months 

25 (11-35) 23 (13-36) p < 0.0001 

Prescribed antidepressants, n 
(%), in last 12 months 

4,703 
(39.65) 

17,887 
(41.16) 

p = 0.0030 

Median diabetes duration in 
months (IQR) 

2 (0-23) 2 (0-23) p < 0.0001 

Comorbidity:    
Alcohol abuse 616 (5.19) 2,307 

(5.31) 
p = 0.6323 

Blood loss anemia 43 (0.36) 190 (0.44) p = 0.3010 
Cardiac arrhythmia 1,316 

(11.09) 
3,375 
(7.77) 

p < 0.0001 

Chronic heart failure 1,103 
(9.30) 

1,899 
(4.37) 

p < 0.0001 

Coagulopathy 172 (1.45) 440 (1.01) p < 0.0001 
Chronic Pulmonary Disease 3,107 

(26.19) 
9,876 
(22.73) 

p < 0.0001 

Deficiency anemia 1,523 
(12.84) 

4,249 
(9.78) 

p < 0.0001 

Drug abuse 293 (2.47) 1,025 
(2.36) 

p = 0.5032 

Fluid and electrolyte disorders 805 (6.79) 1,817 
(4.18) 

p < 0.0001 

Hypertension 
(uncomplicated) 

5,157 
(43.47) 

17,705 
(40.75) 

p < 0.0001 

Hypertension with end organ 
damage 

33 (0.28) 80 (0.18) p = 0.0579 

Hypothyroidism 1,026 
(8.65) 

3,369 
(7.75) 

p = 0.0015 

Liver disease 454 (3.83) 1,072 
(2.47) 

p < 0.0001 

Lymphoma 87 (7.33) 232 (0.53) p = 0.0133 
Metastatic cancer 199 (1.68) 339 (0.78) p < 0.0001 
Other neurological disorders 1,742 

(14.69) 
4,795 
(11.04) 

p < 0.0001 

Paralysis 87 (7.33) 259 (0.60) p < 0.0001 
Peptic ulcer disease 415 (3.50) 1,084 

(2.49) 
p < 0.0001 

Peripheral vascular disease 765 (6.45) 1,686 
(3.88) 

p < 0.0001 

Psychosis 359 (3.03) 1,221 
(2.81) 

p = 0.2212 

Pulmonary circulation 
disorders 

333 (2.81) 779 (1.79) p < 0.0001 

Rheumatoid arthritis and 
collagen diseases 

590 (4.97) 1,740 
(4.00) 

p < 0.0001 

Renal disease 2,212 
(18.65) 

5,246 
(12.07) 

p < 0.0001 

Solid tumour or leukaemia 1,408 
(11.87) 

3,817 
(8.78) 

p < 0.0001 

Valvular disease 402 (3.39) 1,014 
(2.33) 

p < 0.0001  

Table 2 
Univariable and Multivariable Analysis Results for the Association Between 
Antidepressant Prescribing and Insulin Initiation.  

Antidepressant 
prescription: 

Cases Controls Univariable Multivariable 

n (%) n (%) IRR (95% 
CI) 

IRR (95% CI) 

None 2,636 
(22.18) 

23,581 
(54.27) 

Reference 

Any 9,226 
(77.78) 

19,871 
(45.73) 

4.79 (4.55- 
5.05) 

3.78 (3.53- 
4.04) 

Recent 6,426 
(54.17) 

13,925 
(32.05) 

4.80 (4.54- 
5.06) 

4.04 (3.74- 
4.37) 

Non-recent only 2,800 
(1.06) 

5,946 
(13.68) 

4.79 (4.49- 
5.10) 

3.47(3.19- 
3.77) 

Duration:     
<6 months 1,984 

(21.50) 
4,515 
(22.72) 

4.35 (4.05- 
4.66) 

3.94 (3.64- 
4.27) 

6-12 months 964 
(10.45) 

2,178 
(10.96) 

4.39 (4.01- 
4.80) 

4.35 (3.92- 
4.82) 

13-24 months 1,292 
(14.00) 

2,821 
(14.20) 

4.68 (4.31- 
5.07) 

4.93 (4.49- 
5.42) 

>24 months 4,984 
(54.02) 

10,354 
(52.11) 

5.16 (4.87- 
5.46) 

5.61 (5.23- 
6.03) 

N antidepressant 
agents:     

0 2,636 
(22.18) 

23,581 Reference Reference 

1 4,874 
(41.09) 

11,748 4.23 (4.00- 
4.47) 

3.93 (3.69- 
4.19) 

2 2,486 
(20.96) 

4,878 5.40 (5.05- 
5.78) 

5.03 (4.66- 
5.44) 

3þ 1,871 
(15.77) 

3,272 6.20 (5.75- 
6.68) 

5.72 (5.25- 
6.24)  

Table 1 (continued )  

Cases Controls Test of 
association** 

Smoking Status:   

p < 0.0001 

Non-smoker 6,148 
(51.83) 

2,1430 
(49.32) 

Current smoker 3,559 
(30.00) 

12,566 
(28.92) 

Ex-smoker 2,155 
(18.17) 

9,456 
(21.76) 

BMI category:   

p < 0.0001 

Missing* 1,701 
(14.34) 

5,936 
(13.66) 

Normal 752 (6.34) 2,391 
(5.50) 

Overweight 2,386 
(20.11) 

8,081 
(18.60) 

Obese 7,023 
(59.21) 

27,044 
(62.24) 

Median follow-up time, years 
(IQR) 

6.80 
(4.12- 
9.79) 

6.81 (4.14- 
9.79) 

p = 0.7559 

*Missing data imputed – for ethnicity as “White”; for BMI using multiple 
imputation. 
** Tests of association included chi-squared test for categorical/binary variables 
and Mann-Whitney U test for continuous variables. 
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4. Discussion 

This is the first study, to the best of our knowledge, to investigate the 
association between antidepressant treatment and insulin initiation, in 
adults with comorbid depression and type 2 diabetes. 

We had hypothesised that antidepressant prescribing would be 
associated with a reduced rate of insulin initiation, based on the theory 
that successfully treating depression would improve an individual’s 
diabetic health and self-care. On the contrary, we found that individuals 
who had one or more antidepressant prescriptions, prescribed after 
starting oral antidiabetic treatment were at considerably increased risk 
of initiating insulin, compared to those who did not have any antide
pressant prescriptions during the follow-up period. 

We considered that a preference for pharmacological treatment may 
lead to individuals who receive antidepressant medication to be more 
inclined to initiate insulin therapy. However, controlling for poly
pharmacy at baseline had no statistically significant effect on the asso
ciation between antidepressant prescribing during follow-up and insulin 
initiation. 

Individuals who were prescribed an antidepressant may represent a 
group of people who potentially have more severe depression and worse 
physical health. Indeed there is considerable evidence from previous 
studies that depression is associated with worsened glycaemic control 

[2]. While we were unable to adjust for depression severity directly, we 
adjusted for a number of covariates that are known to be associated with 
depression severity, and still a considerable effect size remained for the 
association between any antidepressant prescription after starting oral 
antidiabetics, and the subsequent initiation of insulin therapy. Never
theless, it is important to note that all covariates were measured at 
baseline, while the median duration of follow-up was 8 years. Partici
pants who were prescribed antidepressants may have seen a decline in 
physical and mental health since baseline, due to factors that were not 
available from electronic health record data, such as lifestyle or life 
events. There are no previous studies to the best of our knowledge that 
included such covariates, or indeed other markers of physical or mental 
health beyond a baseline date. 

We also found a positive association between the rate of insulin 
initiation and both the cumulative duration of antidepressant treatment 
and the number of different antidepressant agents prescribed. In
dividuals who remained on antidepressant treatment for longer dura
tions and those who have trialled multiple different antidepressant 
agents are likely to represent individuals with more severe depression. 
This supports our theory that the association we found between any 
antidepressant prescribing and insulin initiation may largely be attrib
utable to depression severity. Nevertheless, it should be noted that even 
individuals with the shortest antidepressant treatment durations (<6 
months) and who were prescribed only one antidepressant agent during 
the course of study follow-up still showed significantly higher rates of 
insulin initiation than those who never received an antidepressant 
prescription. 

There was no statistically significant difference in the rate of initi
ating insulin in individuals who had a recent antidepressant prescription 
(recorded 6 months prior to the date of starting insulin for cases or the 
index date where controls had not started insulin), and participants who 
only had antidepressant prescriptions more than 6 months before the 
index date. This suggests that there is no immediate, short-term, bio
logical impact of antidepressant prescribing that leads to the initiation of 
insulin therapy. Furthermore, in our subgroup analysis of individuals 
who only received one antidepressant agent, there was no statistically 
significant difference between different antidepressant agents. As 
different antidepressant agents have different mechanisms of action and 
side effects [32–35], it is unlikely that the impact on insulin initiation 
would be directly attributable to antidepressant medication, without 
seeing differences between different agents. 

4.1. Strengths and limitations 

Our study is the first to investigate long-term diabetic outcomes in a 
group with comorbid depression and type 2 diabetes. Our use of primary 
care data, unlike RCTs, enables the observation of real-world pharma
cological treatment, including and accounting for individuals with 
comorbidities and co-prescriptions, and where prescribing decisions are 
based to a large extent on the patient and clinician preference [36–37]. 
Our use of large scale primary care data, enabled a sample size of 
55,314, allowing us to account for a generalisable population, and to 
investigate a range of outcomes, such as the timing and duration of 
antidepressant treatment and differences between different antidepres
sant agents. In addition, our long follow-up duration which would be 
untenable in clinical trials, with a median of 7 years, allowed for the 
natural observation of long-term outcomes, contributing to the under
standing of long-term diabetic prognosis. 

We specifically included only individuals with type 2 diabetes, due to 
the bidirectional relationship between depression and type 2 diabetes, 
which not only makes the treatment of depression in this patient group 
of particular importance, but also comes with distinct challenges, such 
as concerns about antidepressant side effects. Similarly, we only 
included individuals who received a GP code for depression during the 
follow-up period, ensuring that all individuals were depressed to the 
point of seeking help. 

Table 3 
Univariable and Multivariable Analysis Results for the Association Between 
Antidepressant Agent and Insulin Initiation.  

Antidepressant 
prescription: 

Cases Controls Univariable Multivariable 

n (%) n (%) IRR (95% CI) IRR (95% CI) 

Citalopram 1,656 3,985 Reference Reference 
Amitriptyline 116 305 0.75 (0.55- 

1.03) 
0.80 (0.54- 
1.12) 

Clomipramine 30 74 1.07(0.57- 
1.99) 

1.24 (0.61- 
2.54) 

Dosulepin 191 372 1.4 (1.08-1.82) 1.38 (1.02- 
1.86) 

Doxepin 8 13 1.33 (0.26- 
6.80) 

2.14 (0.34- 
13.51) 

Duloxetine 123 319 1.04 (0.77- 
1.40) 

0.98 (0.69- 
1.39) 

Escitalopram 55 249 1.19 (0.84- 
1.67) 

1.11 (0.74- 
1.68) 

Fluoxetine 1,173 2,602 1.05 (0.92- 
1.19) 

1.00 (0.86- 
1.17) 

Fluvoxamine 2 10 0.89 (0.15- 
5.49) 

0.51 (0.05- 
5.24) 

Imipramine 17 44 0.77 (0.32- 
1.85) 

0.77 (0.28- 
2.09) 

Lofepramine 55 105 0.72 (0.43- 
1.20) 

0.78 (0.44- 
1.38) 

Mirtazapine 290 793 1.03 (0.84- 
1.27) 

1.05 (0.82- 
1.33) 

Moclobemide 3 8 0.77 (0.14- 
4.28) 

0.27 (0.03- 
2.58) 

Nortriptyline 4 21 0.34 (0.07- 
1.64) 

0.44 (0.08- 
2.41) 

Paroxetine 213 492 0.98 (0.77- 
1.25) 

1.09 (0.82- 
1.44) 

Phenelzine 7 4 10.34 (1.26- 
85.02) 

11.3 (1.34- 
95.68) 

Sertraline 546 1,650 0.83 (0.71- 
0.97) 

0.84 (0.70- 
1.01) 

Trazadone 46 100 1.00 (0.61- 
1.62) 

0.90 (0.50- 
1.62) 

Trimipramine 5 19 0.53 (0.14- 
2.03) 

0.34 (0.08- 
1.47) 

Venlafaxine 257 567 1.12 (0.90- 
1.39) 

1.24 (0.95- 
1.61) 

Results were not reported for the following antidepressants due to insufficient 
numbers: maprotiline, mianserin, reboxetine, tranylcypromine. 
The Bonferroni corrected p-value for all antidepressant agents was 1.00. 
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The CPRD does not record prescription indications, therefore, it was 
not possible to be certain that any antidepressant was prescribed to treat 
depression. This is particularly relevant for amitriptyline, nortriptyline 
and duloxetine, which are also indicated in the UK to treat diabetic 
neuropathic pain. For amitriptyline and nortriptyline, we included only 
prescriptions that were issued at a dosage >= 50 mg, which is indicated 
for depression, while neuropathic pain dosages are typically lower 
[34,38]. However, this is not always the case, and was not possible for 
duloxetine, which uses the same therapeutic doses for both depression 
and neuropathic pain. Similarly some TCAs or trazodone, for example, 
may be used to treat sleeplessness. However, we had included in the 
study only participants who had a diagnosis, symptom or process of care 
code for depression recorded during the follow-up period for which 
antidepressant treatment was measured, therefore, all participants were 
at risk of antidepressant prescribing during this time. 

While we were able to adjust for a large number of health related 
covariates that may be associated with depression severity, we could not 
adjust for depression severity itself as there is no sufficiently completed 
variable in the database relating to this, nor for specific symptoms and 
characteristics of depression that may be associated with both antide
pressant prescribing and insulin initiation. Furthermore, due to the 
study design, we were only able to adjust for covariates at baseline 
which may be subject to change over the average 7 year follow-up 
period. 

4.2. Implications 

After adjusting for demographic characteristics, physical health, 
medication use, and markers of depression severity at the time of the 
first oral antidiabetic prescription, subsequent antidepressant prescrib
ing was highly associated with the initiation of insulin therapy, sug
gesting a decline in diabetic health. There was no evidence of an 
immediate effect of recent antidepressant treatment on insulin initia
tion, or of any difference between agents with different mechanisms of 
action and known physical side effects. This leads us to suggest that the 
association with insulin initiation was likely to be attributable to 
increased depression severity. Indeed, this is further confirmed by the 
still higher rates of insulin initiation seen in individuals with antide
pressant prescribing patterns typical of those with more severe depres
sion. Our study identifies a sub-population of people with depression 
and type 2 diabetes who are at very high risk of worse diabetic out
comes. Although these individuals are being treated with antidepressant 
medication, this does not appear to be sufficient in improving depression 
symptoms to negate the negative effects of depression on physical 
health. These individuals could be targeted earlier for holistic in
terventions to improve their mental well-being and glycaemic control 
and reduce the need for insulin. Further research is required whereby 
time-varying depression severity can be accounted for. Additionally, 
further research is needed into the specific characteristics of depression 
that cause long-term diabetic decline and potential interventions that 
can prevent this. 
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