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ABSTRACT 1 

Background: Evidence links infections to mental disorders and suicidal behavior. However, 2 

knowledge is sparse regarding less severe infections, anti-infective treatment and deliberate self-3 

harm. Using nationwide Danish longitudinal registers we estimated associations between infections 4 

treated with anti-infective agents and infections requiring hospitalization with the risk of deliberate 5 

self-harm. 6 

Methods: A total of 1.3 million people born 1977-2002 were followed during 1995-2013. In all 7 

15,042 individuals were recorded with deliberate self-harm (92% had been treated with anti-8 

infective agents and 19% had been hospitalized for infections) and 114 died by suicide (64% had 9 

been treated with anti-infective agents and 13% had been hospitalized for infections). Hazard rate 10 

ratio (HRR) were obtained while adjusting for age, gender, calendar period, education, 11 

hospitalizations with infections, prescribed anti-infective agents during childhood, parental mental 12 

disorders, and parental deliberate self-harm.  13 

Results: Individuals with infections treated with anti-infective agents had an increased risk of 14 

deliberate self-harm with a HRR of 1.80 (95% CI=1.68-1.91). The associations fitted a dose-15 

response relationship (p<0.001) and remained significant up to 5 years after last infection. An 16 

additive effect was found for individuals with an additional hospitalization for infections with an 17 

increased HRR of 3.20 (95% CI=2.96-3.45) for deliberate self-harm.  18 

Conclusions: An increased risk of deliberate self-harm was found among individuals with 19 

infections treated with anti-infective agents in temporal and dose-response associations. These 20 

results add to the growing literature on a possible link between infections and the 21 

pathophysiological mechanisms of suicidal behavior. 22 

 23 

 24 
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INTRODUCTION 25 

Worldwide, suicide is a major health problem with 800,000 people dying of suicide annually and an 26 

approximately 20-fold higher number of deliberate self-harm (1). Among young people, suicide is 27 

one of the leading causes of death. While the term ‘suicidal behavior’ covers both deliberate self-28 

harm and death by suicide, these are not always seen as a continuum; actually, the majority of 29 

people who self-harm has no further episodes of suicidal behavior (2–4).   30 

Mental disorders are linked to suicidal behavior (5). In addition, suicidal behavior might to 31 

some extent be mitigated through genetic disposition, either directly or through mental 32 

disorders (6). Nevertheless, there is a major need to identify novel and modifiable risk factors to 33 

suicidal behavior. Recently, multiple levels of evidence have pointed towards an immunological 34 

link with suicidal behavior (7). Specifically, production of certain inflammatory mediators appears 35 

to be upregulated in the brains of individuals who died by suicide (8–10) and in the cerebrospinal 36 

fluid (CSF) of individuals with suicide attempts compared to healthy controls (11). Additionally, 37 

peripheral proinflammatory cytokine levels are increased among individuals with suicide attempt 38 

(12) and high suicidal ideation (13,14). These results are consistent with a recent meta-analysis 39 

reporting elevated levels of peripheral proinflammatory cytokines (15) and altered peripheral 40 

concentrations of pro- and anti-inflammatory markers in suicidal patients (16). Also infections and 41 

the treatment with antibiotics can affect the gut microbiome leading to behavioral alterations in 42 

animal models (17,18). 43 

Of relevance, our recent nationwide cohort study noted an association between severe infections 44 

requiring hospitalization and risk of death by suicide (19). Additionally, associations between 45 

infectious agents, such as Toxoplasma gondii (T. gondii) and influenza B virus, and suicide attempts 46 

have previously been established in cross-sectional studies (20–24) and confirmed longitudinally in 47 

a large cohort study (25).  48 
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An accumulating body of research has shown that inflammation and infections are associated with 49 

mental disorders (26–32) and suicidal behavior (33–37). Also, low-grade neuroinflammation might 50 

induce affective and behavioral dysregulation of the central nervous system potentially leading to 51 

suicidality (38) with evidence of state dependent elevation of the excitotoxic metabolite quinolinic 52 

acid (QUIN) in the CSF (39), which could impact on suicidal behavior. In addition, higher levels of 53 

the metabolite kynurenine were found in blood samples from patients with major depressive 54 

disorder and suicide attempts (40),  and as a consequence of inflammation, measures of kynurenine 55 

metabolites have been suggested to serve as biomarkers of suicide risk among individuals with 56 

suicide attempts compared to non-attempters (41). However, to date no large-scale study has 57 

investigated how individuals with less severe infections treated in the primary care sector might be 58 

linked to suicidal behavior.  59 

Hence, the objective of the present study was to examine the association between infections treated 60 

with anti-infective agents and subsequent risk of deliberate self-harm. We furthermore tested for a 61 

potential dose-response relationship with respect to amount and type of anti-infective agents 62 

including temporal associations. Finally, in order to include the severity of infections, we 63 

investigated the impact of infections requiring hospitalization on suicidal behavior. 64 

 65 

 66 

 67 

 68 

 69 

 70 

 71 

 72 
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METHODS AND MATERIALS 73 

Danish registers 74 

A cohort design was applied. The present study used nationwide data from Danish registers where a 75 

unique personal identification number allows for complete linkage across databases. The Danish 76 

Civil Registration System (42) contains information on date of birth, gender and parents. The 77 

Danish National Prescription Registry lists all prescriptions redeemed at Danish pharmacies after 78 

January 1, 1995. The Danish National Patient Register (43) and the Danish Psychiatric Central 79 

Research Register (44) contain information on all somatic hospital contacts since 1977 and 80 

psychiatric hospital contacts since 1969, respectively. Furthermore, both databases include 81 

outpatient and emergency room (ER) contacts since 1995. Diagnoses given during hospital contacts 82 

were recorded according to the International Classification of Diseases, 8th edition (ICD-8) until 83 

January 1, 1994, when ICD-10 was introduced. The Registry of Causes of Death lists dates and 84 

causes of death. Finally, highest obtained educational level is listed in the Danish Education 85 

Register.  86 

 87 

Study population 88 

The study population consisted of all individuals born in Denmark between January 1, 1977, and 89 

December 31, 2002, followed from January 1, 1995 or their 10th birth date, whatever occurred last. 90 

We excluded those diagnosed with an infection during a hospital admission, ER-contact, or 91 

outpatient consultation (see Table S1 in online data supplement), mental disorder (ICD-8 codes: 92 

290-315; ICD-10 codes: F00-99), or deliberate self-harm (defined below) prior to January 1, 1995 93 

in order to restrict the sample to those with no previous incidences. The study population was 94 

considered at risk until outcome (see below), death, emigration, or end of the follow-up period on 95 

December 31, 2013, whatever came first.  96 
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 97 

Exposure 98 

The exposure of interest was prescribed anti-infective agents, as defined by the anatomical 99 

therapeutical chemical (ATC) codes in Table S2 in online data supplement. Prescriptions of anti-100 

infective agents were used as a proxy for less severe infections treated in the primary care sector. 101 

We subdivided the sample into those exposed to: 1) antibiotic agents, including antiseptics but 102 

excluding antibiotics for topical use and penicillin, 2) antiviral agents, 3) antimycotic agents, and 4) 103 

antiparasitic agents. Given that the majority of participants had been prescribed certain anti-104 

infective agents, the reference group was set as individuals who had redeemed no prescription for 105 

anti-infective agents except for penicillin G (ATC-code: J01CE01) and/or antibiotics for topical use 106 

(ATC-code: D06A) as these medications are hypothesized to not impact on the gastrointestinal 107 

system. To assess severity of the infections, antibiotics were sub-divided into: broad-spectrum, 108 

moderate-spectrum, narrow-spectrum, and topical antibiotics as listed in Table S3 in the online data 109 

supplement. Individuals were considered as exposed from the date when a prescription for an anti-110 

infective agent was redeemed. In addition, a time-varying covariate denoted whether individuals 111 

had hospital contact for infections during follow-up (see Table S1 in the online data supplement). 112 

All types of hospitalizations were included, i.e. inpatient, outpatient and emergency department. 113 

 114 

Outcome 115 

The primary outcome was deliberate self-harm, defined as a somatic or psychiatric hospital contact 116 

(inpatient, ER and outpatient) where deliberate self-harm had been recorded as the main or sub-117 

diagnosis (ICD-8: 590-595; ICD-10 codes: X60-X84, Y87). Death by suicide was examined as a 118 

secondary outcome and identified in the Cause of Death Register using the ICD codes listed above.  119 

 120 
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Statistical analysis 121 

We compared exposed individuals to those in the reference group with respect to risk of deliberate 122 

self-harm. Secondly, we determined whether the risk differed with respect to type of anti-infective 123 

agents, number of redeemed prescriptions with anti-infective agents, and time since the last 124 

prescription. Similarly, we assessed whether risk varied with respect to hospitalizations with 125 

infections or mental disorders. We constructed Cox regressions using age as the underlying time-126 

scale and obtained hazard rate ratios (HRR) with 95%-confidence intervals (95% CI). The 127 

proportional hazard assumptions were tested based on Schoenfeld´s residuals. The assumption was 128 

not violated in any examined models. The Wald test was used to assess for significant differences 129 

between risk estimates. All analyses were adjusted for age, gender, calendar period, education 130 

(primary school, secondary school, vocational education, short higher education, medium long 131 

higher education, and a university degree), hospitalizations with infections after January 1, 1995, 132 

prescribed anti-infective agents during the first years of life (6 months, 6-12 months and 1-10 years) 133 

as these are vulnerable periods of brain development (only possible for those with information 134 

during these age periods after January 1, 1995), parental mental disorders, and parental deliberate 135 

self-harm. These were included as time-varying covariates as possible.  136 

Finally, we calculated the population attributable risk for deliberate self-harm, which is the 137 

theoretical fraction of the total number of deliberate self-harm that would not have occurred if the 138 

association with infections requiring treatment with anti-infective agents was causal and could be 139 

eliminated. The formula was: PAR = (HRRe – 1) / (1 + Pe (HRRe – 1)), where Pe is the prevalence 140 

of exposure and HRRe is the hazard rate ratio of disease due to that exposure.  141 

Sensitivity analyses  142 

First, we used a reference group containing individuals with none or one prescription for anti-143 

infective agents. Second, we stratified the sample into individuals with and without any diagnosed 144 
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mental disorders (ICD-10 codes: F00-99) while accounting for date of diagnosis. Third, we 145 

included individuals treated with Penicillin G in the exposure group.  146 

 147 

All analyses were performed with STATA version 14.0. The study was approved by the Danish 148 

Data Protection Agency and the Danish Health Data Authority. 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 

 168 
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RESULTS 169 

Baseline characteristics 170 

We identified 1,358,578 individuals (672,775 (49.5%) women and 685,803 (50.5%) men) who were 171 

born between 1977 and 2002 and had not previously been hospitalized due to infections, mental 172 

disorders, or deliberate self-harm. A total of 2,098 individuals were excluded due to a mental 173 

disorder diagnosis prior to January 1st, 1995. Furthermore, a total of 27,449 individuals emigrated 174 

during the study period. These 1,358,578 individuals were observed over a total of 4,182,067 175 

person-years during 1995 to 2013 (mean age of 21.5 (SD=7.4) by the end of follow-up). During 176 

follow-up, a total of 16,108 individuals were diagnosed with a mood disorder (ICD-10: F3), 4,826 177 

with a substance abuse disorder (ICD-10: F1), and 6,346 with a personality disorder (ICD-10: F6).   178 

A total of 15,042 individuals (359.7/100,000 person-years) were recorded with an episode of 179 

deliberate self-harm (median (SD) age: 18.4 (4.4) years; 68.2% women). Of these, 13,800 (91.7%) 180 

individuals had previously been treated with anti-infective agents and 2,807 (18.7%) hospitalized 181 

with infections. In all, 114 individuals (2.7/100,000 person-years) died by suicide (median (SD) 182 

age: 18.9 (2.8) years; 18.4% women). Among these, 73 (64.0%) had previously been treated with 183 

anti-infective agents and 15 (13.2%) hospitalized with infections.  184 

 185 

Risk of deliberate self-harm 186 

Individuals treated with anti-infective agents had an increased hazard rate ratio (HRR) of deliberate 187 

self-harm, 1.80 (95% CI=1.68-1.91), when compared to the reference group of non-treated 188 

individuals (Table 1). Particularly antibiotics (HRR=1.84, 95% CI=1.71-2.00) were associated with 189 

increased risks of deliberate self-harm; broad-spectrum antibiotics yielding the highest risk (p<0.01 190 

for comparison). With respect to the number of redeemed prescriptions, a dose-response 191 

relationship was noted (p<0.0001) (Table 2). We also noted a temporal association with a peak in 192 
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risk during the first year after last redeemed prescription; the elevated risk remained significant until 193 

5 years after last redeemed prescription (p<0.0001) (Table 3).  194 

Infections requiring hospitalization were associated with the highest risk of deliberate self-harm 195 

with a hazard rate ratio of 3.20 (95% CI=2.96-3.45) and a dose-response relationship with the 196 

number of prescriptions provided from primary care settings was noted (Figure 1). However, 197 

individuals who had only been treated with anti-infective agents in primary care settings also 198 

showed an elevated risk (HRR=1.79, 95% CI=1.67-1.91) (p<0.001 for comparison). The population 199 

attributable risk of deliberate self-harm associated for those with infections treated with any anti-200 

infective agents was 47%. 201 

 202 

Risk of death by suicide 203 

Anti-infective agents were associated with a non-significant increased risk of death by suicide 204 

(HRR: 1.30; 95% CI=0.85-1.97). Having been hospitalized for infections was linked to a 205 

significantly higher risk of suicide with a hazard rate ratio of 3.13 (95% CI=1.67-5.87). Due to the 206 

low number of suicide deaths in this young cohort, it was not feasible to explore this outcome 207 

further. 208 

 209 

Sensitivity analyses 210 

Comparable risk estimates were found when broadening the reference group to include individuals 211 

with none or one prescription of anti-infective agents; ≥2 infections treated with anti-infective 212 

agents increased the risk of deliberate self-harm by a hazard rate ratio of 1.77 (95% CI=1.70-1.85) 213 

(see Table S4 in the online data supplement). With this broader reference group, we found a dose-214 

response relation to infections treated with anti-infective agents as well as temporal associations (all 215 

p<0.001, results not shown).  216 
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Among those with a deliberate self-harm episode, 7,053 individuals (46.9%) had previously been 217 

diagnosed with a mental disorder. Of these, 6,709 (95.1%) had been treated with anti-infective 218 

agents before being diagnosed with a mental disorder. Compared to individuals with no mental 219 

disorders or prior treatment for infections, individuals with a history of mental disorder and 220 

infections treated with anti-infective agents had a hazard rate ratio of 6.30 (95% CI=5.84-6.79). 221 

However, also individuals with no prior mental disorder but treated with anti-infective agents 222 

displayed an elevated risk of deliberate self-harm (HRR=1.39, 95% CI=1.29-1.50, p<0.0001). Also 223 

here a dose-response relationship was noted (all p<0.0001) (Figure 2).  224 

Among individuals diagnosed with a mental disorder prior to death by suicide (n=20), those with 225 

infections treated with anti-infective agents had a hazard rate ratio of 2.42 (95% CI=1.29-4.53) 226 

while individuals with no history of mental disorders had a ratio of 1.17 (95% CI=0.76-1.80, 227 

p=0.018). Lastly, we conducted a round of sensitivity analysis where individuals treated with 228 

Penicillin G were included into the exposure group; this did not change the overall finding.  229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 
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DISCUSSION 241 

To our knowledge, this is the largest study to investigate the association between less severe 242 

infections treated with anti-infective agents and subsequent risk of deliberate self-harm or death by 243 

suicide using nationwide data. By studying more than 1.3 million people, we found an 80% higher 244 

risk of deliberate self-harm among individuals with infections treated with anti-infective agents. A 245 

dose-response relationship was noted with respect to number of prescribed anti-infective agents and 246 

the increased risk of deliberate self-harm persisted up to 5 years after last prescription. With respect 247 

to type of agent, the highest risk was observed for individuals treated with broad-spectrum 248 

antibiotics. An excess risk of deliberate self-harm was also found for individuals who had been 249 

hospitalized for infections. No significant risk was noted for antivirals, antimycotics, and 250 

antiparasitic agents; which might be due to low exposures, furthermore, infections treated with 251 

antibiotics might be more severe than those treated with antivirals, antimycotics, and antiparasitic 252 

agents. In addition, treatment with antibiotics, and especially broad-spectrum antibiotics is likely to 253 

affect the microbiome to a greater extent (45).  254 

 255 

Previous research has linked inflammation to suicidal behavior (8–10) as well as shown an 256 

increased risk of suicide among persons hospitalized with infections (19). This study adds to the 257 

existing body of evidence by using a different proxy for infections, i.e. prescriptions on anti-258 

infective agents, albeit only finding a trend towards an increased risk of suicide. The lack of 259 

significance could be related to the relatively fewer cases of suicide in this young cohort or the 260 

difference in severity of the infection. All estimates were adjusted for important risk factors for 261 

suicidal behavior, including age, gender, calendar period, education, infections during childhood, 262 

parental mental disorders, and deliberate self-harm among parents. Our main results remained 263 

significant when replacing the reference group with one consisting of individuals prescribed none or 264 
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only one prescription of anti-infective agents, which might represent the background population to a 265 

greater extent.  266 

 267 

Our findings suggest that less severe infections treated with anti-infective agents play a relevant role 268 

in the pathophysiological mechanisms of suicidal behavior. This supports the hypothesis that 269 

suicidal behavior can be predisposed, triggered or perpetuated by infections (19,20,25) or immune 270 

activation secondary infections (15,16). Furthermore, it is increasingly recognized that infections 271 

and inflammation are linked to mental disorders (26–32). Also, a link between the immune system 272 

and genes coding for mental disorders has been suggested (46), which could explain a higher risk of 273 

infections among individuals with mental disorders. Also triggers of inflammation such as 274 

autoimmunity, stress and brain injury may contribute to the pathophysiology of deliberate self-harm 275 

and suicide (47). In our study, as expected, individuals diagnosed with mental disorders had a 276 

higher risk of deliberate self-harm compared to individuals not diagnosed. Yet, we still found a 277 

significantly increased risk of deliberate self-harm among individuals treated with anti-infective 278 

agents but with no diagnosed mental disorders. Moreover, the gut microbiome is extremely 279 

sensitive to anti-infective agents and there is a growing body of evidence, based on studies of rodent 280 

and humans, supporting the notion that microbiome may exert neuromodulatory effects on both 281 

brain function and behavior (17,18). Recent evidence has incriminated links between infections 282 

treated with antibiotics and major mental illnesses (26). Nevertheless, to our knowledge, it was 283 

impossible to tease apart the effects of indication (infection) or anti-infective medication; i.e. both 284 

infections and treatment with anti-infective agents may explain, fully or in part, the observed 285 

associations.  Hence, infections (directly or via immune activation) as well as the treatment with 286 

anti-infective agents (via diminished microbiome dependent immune regulation), together with 287 

genetic vulnerability factors, could lead to disturbances within the immune system and subsequently 288 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 
 

to deliberate self-harm in certain subgroups of the population. Furthermore, immune dysregulation 289 

(induced by certain infections and their treatment and priming of the brain microglia by peripheral 290 

infections (48)) can lead to increased vulnerability to later infections, with a temporal amplifying 291 

effect. This slow-moving cascading effect might explain the high population attributable risk of 292 

47%, i.e. the theoretical proportion of deliberate self-harm that might be prevented if the studied 293 

association was causal and could be eliminated. Still, a wide range of mechanisms might impact on 294 

emotion and behavior including risk-taking behaviors, for instance, drug use, risk-taking sexual 295 

behavior, and poor diet. Also, stressful life-events or mental disorders, might explain parts of the 296 

observed association and contribute to the very high attributable risk. These factors might also act 297 

as mediators, by affecting the immune system and increase susceptibility to infections, leading to 298 

prescriptions of anti-infective agents. Indeed, even before diagnosis of the first episode of 299 

psychosis, people were found to have more frequent contacts to general practitioners years before 300 

diagnosed with schizophrenia (49). Being prescribed anti-infective agents in the primary care sector 301 

may be a proxy for help-seeking behavior among individuals at risk of suicide, and thus a marker 302 

rather than a potential cause of suicidal behavior.  With these confounding and modifying factors in 303 

mind, we still found a significantly increased risk of deliberate self-harm among individuals with 304 

infections treated with anti-infective agents after excluding all individuals with previous records of 305 

deliberate self-harm and mental disorders prior to 1995 and after adjusting for educational level, 306 

and parental mental disorders and deliberate self-harm among parents.  Hence, our findings 307 

underline the importance of early identification and treatment of infections as well as the need for 308 

research on the pathophysiological mechanisms underlying the link between infectious diseases, 309 

their treatment, and deliberate self-harm, in particular among young individuals. 310 

 311 

Strengths and limitations 312 
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Strengths of this study include nationwide data covering more than 1.3 million individuals with 313 

complete follow-up. Data were collected prospectively in an unbiased manner and the risk estimates 314 

were adjusted for time-varying covariates, adding precision to the estimates. Concerning 315 

limitations, although we did include all infections requiring treatment with anti-infective agents or 316 

requiring hospitalization, we could not account for untreated infections, compare specific infections, 317 

or address heterogeneity related to a wide inclusion criteria. Although diagnoses of infections would 318 

have been preferred, these are not available from primary care in Denmark (50), hence nationwide 319 

data on prescriptions of anti-infective agents were used as a proxy for less severe infection. This 320 

approach has previously been employed (26). Redeemed prescriptions were also just a proxy for 321 

actual use of anti-infective medications, as no information on actual consumption of anti-infective 322 

agents was available, Yet, a mean adherence of 62.2% after redeemed prescriptions was previously 323 

reported (51). Furthermore, due to the young age of this cohort, we observed relatively few deaths 324 

by suicide, limiting its potential as an outcome. Finally, mental disorders and psychiatric symptoms 325 

might act as mediators in the association between infections and risk of deliberate self-harm and 326 

suicide. Also, reverse causality is a limitation in register-based studies as the link between 327 

infections and mental disorders or intense stress often preceding suicidal behavior could be 328 

bidirectional (52). Furthermore, mental disorders might go undiagnosed and deliberate self-harm is 329 

known to be under-recorded (53). Most cases with mild to moderate mental disorders, including 330 

anxiety, affective and personality disorders, are treated by general practitioners or specialists in 331 

psychiatry working in private practices and therefore not included in the present study. On the other 332 

hand, there are no private psychiatric hospitals in Denmark we, thus, have a complete and nation-333 

wide registration of individuals diagnosed with severe mental disorders requiring hospitalization 334 

(44). Also, chronic somatic illnesses might be a potential limitation in this study but due to the 335 

relatively young age of this cohort the majority were likely medically healthy young adults. 336 
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Conclusions 337 

In this large-scale prospective nationwide cohort study, we found a significantly increased risk of 338 

deliberate self-harm among individuals with infections treated with anti-infective agents both in 339 

temporal and dose-response predictive associations, robust to adjustment for a range of possible 340 

confounders. Also, having been hospitalized with infection nearly doubled the risk; indicating that 341 

level of severity is linked to risk of deliberate self-harm. Although our study cannot provide 342 

evidence on the underlying causal mechanisms, these results support the importance of early 343 

identification and need of research on how infections impact the pathophysiology of suicidal 344 

behavior. Future large longitudinal studies may include genotype and gene expression data to better 345 

understand individual vulnerability to behavioral dysregulation and symptomatic exacerbation 346 

induced or perpetuated by infection. Furthermore, prospective clinical studies 347 

following psychiatric patients after an acute infection are warranted to evaluate whether infections 348 

elevate the short term suicide risk. Interventional paradigms may help assess whether the 349 

association can be explained through direct effects of infection, immune responses to infection, 350 

treatment with anti-infective agents through diminished immunoregulation or gut-brain 351 

mechanisms, or interactive combinations of all three factors. Causal inference methods nested in 352 

epidemiology, such as marginal structural modeling could be used for that purpose. Ultimately, 353 

these efforts could contribute to a broader understanding and better prediction and management of 354 

suicidal behavior.  355 

 356 

 357 

 358 

 359 

 360 
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Figure 1: Hazard Rate Ratios (HRRs) of Deliberate Self-harm According to Number of Redeemed 

Prescriptions with Anti-infective Agents among Individuals Born in Denmark between 1977 and 2002, 

Divided into Persons with and without Any Prior Hospitalizations with Infections since 1995.                                       
*Abbreviations: We performed Cox regression analyses presenting hazard rate ratios (HRR) with 95%-confidence intervals.                                               
All analyses were adjusted for age, gender, calendar-period, education, parental mental disorders, parental deliberate self-harm, anti-infective use 
during childhood, and hospitalizations with infections after 1995. The linear trend between the number of anti-infective agents and the risk of 
deliberate self-harm was significant in both groups (p<0.0001).   

Figure 2: Number of redeemed prescriptions for anti-infective agents and the risk of Deliberate Self-harm 

among persons born between 1977 and 2002, divided into individuals with and without any prior mental 

disorder since 1995.                                                                                                                                              
*Abbreviations: We performed Cox regression analyses presenting hazard rate ratios (HRR) with 95%-confidence intervals.                                           
All analyses were adjusted for age, gender, calendar-period, education, parental mental disorders, parental deliberate self-harm, anti-infective use 
during childhood, and hospitalizations with infections after 1995. The linear trend between the number of anti-infective agents and the risk of 
deliberate self-harm was significant in both groups (p<0.0001). 

Table 1: Hazard Rate Ratios (HRRs) of Deliberate Self-harm According to Type of Anti-infective Agents 

among Individuals Born in Denmark between 1977 and 2002.  
Abbreviations: HRR, hazard rate ratio; 95%-CI, 95% confidence interval.  
1 The analyses were adjusted for age, gender, calendar period, education, hospitalizations with infections after 1995, prescribed anti-infective 
agents during childhood (available since 1995), parental mental disorders, and parental deliberate self-harm.  
2 The categorization into the different types of antibiotics is provided in supplementary eTable 2. The analyses of the different anti-infective agents 
were mutually adjusted for treatment with other anti-infective agents and are, thus, comparable across agent types.  

 

Table 2: Hazard Rate Ratios (HRRs) of Deliberate Self-harm According to Number of Redeemed 

Prescriptions with Anti-infective Agents among Individuals Born in Denmark between 1977 and 2002. 
Abbreviations: HRR, hazard rate ratio; 95%-CI, 95% confidence interval.  
1 The analyses were adjusted for age, gender, calendar period, education, hospitalizations with infections after 1995, prescribed anti-infective 
agents during childhood (available since 1995), parental mental disorders, and parental deliberate self-harm.  
2 The results on the amount of anti-infective agents and number of different anti-infective agents fitted a dose-response relationship (p<0.0001), 
tested with the Wald´s test.                                                                                                                                                                                                                                                                                                                                                         

3 This was included to have a measure for the diversity and severity of infections and treatments, i.e. to include individuals with prescriptions for 
several of the 4 groups of anti-infective agents (i.e. antibiotics, antivirals, antimycotics and antiparasitics). 

 

Table 3: Hazard Rate Ratios (HRRs) of Deliberate Self-harm According to Time since Last Prescription with 

Anti-infective Agents among Individuals Born in Denmark between 1977 and 2002.  
Abbreviations: HRR, hazard rate ratio; 95%-CI, 95% confidence interval.  
1 The analyses were adjusted for age, gender, calendar period, education, hospitalizations with infections after 1995, prescribed anti-infective 
agents during childhood(available since 1995), parental mental disorders, and parental deliberate self-harm.  
2 The results regard time since last prescription supported a dose-response relationship (p<0.0001), tested with the Wald´s test.   
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Table 1: Hazard Rate Ratios (HRRs) of Deliberate Self-harm According to Type of Anti-infective Agents 

among Individuals Born in Denmark between 1977 and 2002.  

 

 

Anti-infective agent: 

Deliberate self-harm 

No. of cases  

(%) 

HRR
1
  

(95%-CI) 

Total 15,042 (100)  

No anti-infective prescription 1,242 (8.3) 1.00 (Ref.) 

Any anti-infective prescription 13,800 (91.7) 1.80 (1.68; 1.91) 

   Antibiotics 

     Broad spectrum
2 

     Moderate spectrum
2
 

     Narrow spectrum
2
 

     Topical
2
 

13,549 (90.1) 

4,904 (32.6) 

4,950 (32.9) 

10,501 (69.8) 

5,653 (37.6) 

1.84 (1.71; 2.00) 

1.69 (1.63; 1.75) 

1.44 (1.39; 1.50) 

1.54 (1.48; 1.60) 

1.33 (1.28; 1.37) 

   Antivirals 1,814 (12.1) 1.24 (0.86; 1.79) 

   Antimycotics 5,426 (36.1) 1.11 (0.93; 1.32) 

   Antiparasitics 3,363 (22.4) 1.28 (0.99; 1.65) 

Abbreviations: HRR, hazard rate ratio; 95%-CI, 95% confidence interval.  
1 

The analyses were adjusted for age, gender, calendar period, education, hospitalizations with infections after 1995, prescribed anti-infective 

agents during childhood (available since 1995), parental mental disorders, and parental deliberate self-harm. 
 

2 
The categorization into the different types of antibiotics is provided in supplementary Table S3. The analyses of the different anti-infective agents 

were mutually adjusted for treatment with other anti-infective agents and are, thus, comparable across agent types.  
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Table 2: Hazard Rate Ratios (HRRs) of Deliberate Self-harm According to Number of Redeemed 

Prescriptions with Anti-infective Agents among Individuals Born in Denmark between 1977 and 2002. 

No. of prescriptions for anti-infective 

agents 
Deliberate Self-harm 

No. of cases (%) HRR
1
 (95%-CI) 

Total 15,042 (100)  

No anti-infective prescription 1,242 (8.3) 1.00 (Ref.) 

Any anti-infective prescription  13,800 (91.7) 1.80 (1.68; 1.91) 

1 2,521 (16.8) 1.34
2
 (1.24; 1.44) 

2-4 4,219 (28.1) 1.90
2
 (1.77; 2.05) 

5-9 3,835 (25.5) 2.57
2
 (2.38; 2.78) 

10-19 2,313 (15.4) 2.77
2
 (2.54; 3.01) 

20+ 912 (6.1) 3.02
2
 (2.74; 3.35) 

No. of different anti-infective agents
3 

  

0 1,242 (8.3) 1.00 (Ref.) 

1 6,344 (42.2) 1.71
2
 (1.59; 1.83) 

2 4,966 (33.0) 2.01
2
 (1.87; 2.17) 

3 2,140 (14.2) 2.47
2
 (2.27; 2.69) 

4 364 (2.4) 2.46
2
 (2.16; 2.80) 

Abbreviations: HRR, hazard rate ratio; 95%-CI, 95% confidence interval.  
1 

The analyses were adjusted for age, gender, calendar period, education, hospitalizations with infections after 1995, prescribed anti-infective 

agents during childhood (available since 1995), parental mental disorders, and parental deliberate self-harm. 
 

2
 The results on the amount of anti-infective agents and number of different anti-infective agents fitted a dose-response relationship (p<0.0001), 

tested with the Wald´s test.                                                                                                                                                                                                                          
3 

This was included to have a measure for the diversity and severity of infections and treatments, i.e. to include individuals with prescriptions for 

several of the 4 groups of anti-infective agents (i.e. antibiotics, antivirals, antimycotics and antiparasitics). 
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Table 3: Hazard Rate Ratios (HRRs) of Deliberate Self-harm According to Time since Last Prescription with 

Anti-infective Agents among Individuals Born in Denmark between 1977 and 2002. 

Time since last prescription 

with anti-infective agents 
Deliberate self-harm 

No. of cases 

(%) 

HRR
1
  

(95%-CI) 

Total 15,042 (100)  

No anti-infective prescription 1,242 (8.3) 1.00 (Ref.) 

0-3 months 2,783 (18.5) 1.85 (1.75; 1.96) 

3-6 months 1,602 (10.7) 1.83 (1.73; 1.95) 

6-12 months 2,078 (13.8) 1.71 (1.61; 1.82) 

1-2 years 2,344 (15.6) 1.53 (1.44; 1.64) 

2-5 years 3,160 (21.0) 1.37 (1.28; 1.46) 

5-10 years 1,575 (10.5) 1.08 (0.99; 1.19) 

≥10 years 258 (1.7) 1.08 (0.84; 1.39) 

Abbreviations: HRR, hazard rate ratio; 95%-CI, 95% confidence interval.  
1 

The analyses were adjusted for age, gender, calendar period, education, hospitalizations with infections after 1995, prescribed anti-infective 

agents during childhood(available since 1995), parental mental disorders, and parental deliberate self-harm. 
 

2
 The results regard time since last prescription supported a dose-response relationship (p<0.0001), tested with the Wald´s test.   
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Table S1: ICD-8 and ICD-10 codes for site and type of hospital contacts for infections.   

Infection category ICD-8 Codes ICD-10 Codes 
Site of infection 
Sepsis infections 038 A40, A41 
Hepatitis infections 070 B15-B19 
Gastrointestinal 
infections 

000-009, 540 A00-A09, K35 

Skin infection 680-686, 050-057, 110, 111, 035 L00-L08, B00-B09, A46 
Respiratory 
infections 

460-486 J00-J18 

Urological infections 580, 590, 59500, 59501 N00, N10, N300, N390 
Genital infection 612, 620, 622 N518B, N70, N71, N72, N76, N770D, 

N771B, N771L 
Otitis media 
infection 

381-382 H65-67 

CNS infections 04000-04399,  013, 320, 322, 392, 474, 
04509-04699, 32300, 07199, 07202, 
07501, 07929, 09049, 05201, 05302, 
05403, 05501, 05601, 03609, 02701, 
06209-06599, 09490-09499 

I02, G00-G07, A17, A80-89, B003, B004, 
B010, B011, B020, B021, B050, B051, 
B060, B261, B262, B375, B451, B582, 
B602, A022C, A548A, A548D, A521A, 
A521B, A229C, A321, A504, A390, E236A 
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Table S2: Anti-infective agents according to the Anatomical Therapeutical Chemical system (ATC) 
from the World Health Organization (WHO), subdivided into antibacterial, antiviral, antimyotic 
and antiparasitic products.  
 
Group of anti-infective agent 

 
Subgroups 

Antibacterials for systemic use 
(including antiseptics)  

Anti-infectives:  
J01A TETRACYCLINES 
J01B AMPHENICOLS 
J01C BETA-LACTAM ANTIBACTERIALS, PENICILLINS 
J01D OTHER BETA-LACTAM ANTIBACTERIALS 
J01E SULFONAMIDES AND TRIMETHOPRIM 
J01F MACROLIDES, LINCOSAMIDES AND STREPTOGRAMINS 
J01G AMINOGLYCOSIDE ANTIBACTERIALS 
J01M QUINOLONE ANTIBACTERIALS 
J01R COMBINATIONS OF ANTIBACTERIALS 
J01X OTHER ANTIBACTERIALS 
 - Mycobacterium:  
J04A DRUGS FOR TREATMENT OF TUBERCULOSIS 
J04B DRUGS FOR TREATMENT OF LEPRA 
 
Alimentary tract:  
A01AB Antiinfectives and antiseptics for local oral treatment 
A02BD Combinations for eradication of Helicobacter pylori 
A07A INTESTINAL ANTIINFECTIVES 
 
Blood and blood-forming organs:  
B05CA Antiinfectives 
 
Cardiovascular system:  
C05AB Antibiotics 
 
Dermatologicals:  
D06A ANTIBIOTICS FOR TOPICAL USE 
D07C CORTICOSTEROIDS, COMBINATIONS WITH ANTIBIOTICS 
D07B CORTICOSTEROIDS, COMBINATIONS WITH ANTISEPTICS  
D08A ANTISEPTICS AND DISINFECTANTS 
D10AF Antiinfectives for treatment of acne 
 
Gynaecological:  
G01 GYNECOLOGICAL ANTIINFECTIVES AND ANTISEPTICS 
 
Respiratory system:  
R02AA Antiseptics 
R02AB Antibiotics 
 
Sensory organs: 
 - ophtalmological  
S01A ANTIINFECTIVES 
S01C ANTIINFLAMMATORY AGENTS AND ANTIINFECTIVES IN COMBINATION 
 - otological 
S02A ANTIINFECTIVES 
S02C CORTICOSTEROIDS AND ANTIINFECTIVES IN COMBINATION 
- ophtalmological and ontological  
S03A ANTIINFECTIVES 
S03C CORTICOSTEROIDS AND ANTIINFECTIVES IN COMBINATION 
 

Antivirals for systemic use Antiinfectives:  
J05A DIRECT ACTING ANTIVIRALS 
J05AA Thiosemicarbazones 
J05AB Nucleosides and nucleotides excl. reverse transcriptase inhibitors 

http://www.whocc.no/atc_ddd_index/?code=J01A&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01B&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01C&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01D&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01E&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01F&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01G&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01M&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01R&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J01X&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J04A&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J04B&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=A01AB
http://www.whocc.no/atc_ddd_index/?code=A02BD
http://www.whocc.no/atc_ddd_index/?code=A07A
http://www.whocc.no/atc_ddd_index/?code=B05CA
http://www.whocc.no/atc_ddd_index/?code=C05AB
http://www.whocc.no/atc_ddd_index/?code=D06A
http://www.whocc.no/atc_ddd_index/?code=D07C
http://www.whocc.no/atc_ddd_index/?code=D07B
http://www.whocc.no/atc_ddd_index/?code=D08A
http://www.whocc.no/atc_ddd_index/?code=D10AF
http://www.whocc.no/atc_ddd_index/?code=G01
http://www.whocc.no/atc_ddd_index/?code=R02AA
http://www.whocc.no/atc_ddd_index/?code=R02AB
http://www.whocc.no/atc_ddd_index/?code=S01A&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=S01C&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=S02A&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=S02C&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=S03A&showdescription=yes
http://www.whocc.no/atc_ddd_index/?code=S03C&showdescription=yes
http://www.whocc.no/atc_ddd_index/?code=J05A
http://www.whocc.no/atc_ddd_index/?code=J05AA&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AB&showdescription=no
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J05AC Cyclic amines 
J05AD Phosphonic acid derivatives 
J05AE Protease inhibitors 
J05AF Nucleoside and nucleotide reverse transcriptase inhibitors 
J05AG Non-nucleoside reverse transcriptase inhibitors 
J05AH Neuraminidase inhibitors 
J05AR Antivirals for treatment of HIV infections, combinations 
J05AX Other antivirals 
 
Dermatological:  
D06BB Antivirals 
 
Sensory organs:  
S01AD Antivirals 
 

Antimycotics for systemic use J02AA Antibiotics 
J02AB Imidazole derivatives 
J02AC Triazole derivatives 
J02AX other antimyotics for systemic use 
 
Dermatological:  
D01 Antifungals for dermatological use 
 

Antiparasitic P ANTIPARASITIC PRODUCTS, INSECTICIDES AND REPELLENTS 
 

 

http://www.whocc.no/atc_ddd_index/?code=J05AC&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AD&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AE&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AF&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AG&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AH&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AR&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J05AX&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=D06BB
http://www.whocc.no/atc_ddd_index/?code=S01AD
http://www.whocc.no/atc_ddd_index/?code=J02AA&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J02AB&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J02AC&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J02AC&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=J02AC&showdescription=no
http://www.whocc.no/atc_ddd_index/?code=P
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Table S3: The most frequently used antibiotics within the study population, according to the 
Anatomical Therapeutical Chemical system (ATC) from the World Health Organization (WHO), and 
subdivided into broad-spectrum, moderate-spectrum, narrow-spectrum, and topical antibiotics.  
 

 ATC-code for antibiotics 
Broad-spectrum antibiotics  J01CA08 Pivmecillinam   

J01FA06 Roxithromycin   
J01FA10 Azithromycin   
J01MA02 Ciprofloxacin  

Moderate-spectrum antibiotics J01AA04 Lymecycline   
J01AA07 Tetracycline   
J01CA02 Pivampicilin   
J01CA04 Amoxicilin   
J01EB02 Sulfamethizole  

Narrow-spectrum antibiotics D10AF01 Clindamycin   
D10AF51 Clindamycin combinations   
J01CE02 Phenocymethylpenicillin   
J01CF01 Dicloxacillin   
J01FA01 Erythromycin  

Topical antibiotics S01AA01 Chloramphenicol   
S01AA13 Fusidic Acid   
S02CA03 & S03CA04 Hydrocortisone in 
combination with antiinfectives  
G01AF02 Clotrimazole   
G01AF04 Miconazole 
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Table S4: Hazard rate ratios (HRRs) of deliberate self-harm among individuals born in Denmark 
between 1977 and 2002, when using individuals with 0-1 prescriptions for anti-infective agents as 
the reference group.  
 
 
 
Anti-infective agent: 

Deliberate Self-harm 
No. of cases  

(%) 
HRR1  

(95%-CI) 
Total 15,042 (100)  
0-1 anti-infective prescription 3,763 (25.0) 1.00 (Ref.) 
≥2 anti-infective prescriptions 11,279 (75.0) 1.77 (1.70; 1.85) 
   Antibiotics 
     Broad spectrum2 

     Moderate spectrum2 
     Narrow spectrum2 
     Topical2 

13,549 (90.1) 
4,904 (32.6) 
4,950 (32.9) 

10,501 (69.8) 
5,653 (37.6) 

1.86 (1.73; 2.02) 
1.69 (1.63; 1.75) 
1.44 (1.39; 1.50) 
1.54 (1.48; 1.60) 
1.33 (1.28; 1.37) 

   Antivirals 1,814 (12.1) 1.24 (0.86; 1.79) 
   Antimycotics 5,426 (36.1) 1.11 (0.93; 1.32) 
   Antiparasitic 3,363 (22.4) 1.28 (0.99; 1.65) 
Abbreviations: HRR, hazard rate ratio; 95%-CI, 95% confidence interval.  
1 The analyses were adjusted for gender, calendar period, education, hospitalizations with infections after 
1995, prescribed anti-infective agents during childhood, parental mental disorders, and parental Deliberate 
self-harm.  
2 The categorization into the different types of antibiotics is provided in supplementary Table S3. The analyses 
on the different anti-infective agents are mutually adjusted for the other anti-infective agents.  
 

 




