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ABSTRACT  

In the framework of PSIGE-DIAB project, this thesis aims to assess the impact of 

depression in people with type 2 diabetes. 

Using Healthcare Utilization Databases, I estimated in a large population-based 

cohort with type 2 diabetes the incidence of depression over 10 year-period, identified 

the demographic and clinical predictors of depression, and sought to determine the 

extent to which depression is a risk factor for acute and long-term complications of 

diabetes and mortality. In the context of COVID-19 pandemic, I evaluated whether 

the presence of a history of depression in people with type 2 diabetes increased the 

Emergency Department access rate for diabetes-related complications, and I 

investigated changes in the incidence of depression during the first year of the 

pandemic in people with type 2 diabetes. 

Findings from the first study indicated that developing depression was associated 

with being a woman, being over 65 years, living in rural areas, having insulin as initial 

diabetes medication and having comorbid conditions; the study also confirmed that 

depression was associated with an increased risk for acute and long-term diabetes 

complications and all-cause mortality. 

The second observational study showed a higher rate of Emergency Department 

access for diabetes-related complications during the COVID-19 pandemic in people 

with type 2 diabetes and a history of depression than in those without a history of 

depression, similar to what was observed in a pre-pandemic period. 

As shown in the third population-based study, the incidence of depression decreased 

in 2020 compared to 2019, mainly during the first and the second waves of the 

COVID-19 pandemic, when people with diabetes probably had difficulty reaching 

healthcare services. 
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This new real-world evidence will help healthcare professionals identify timely 

patients at high risk of developing depression and promote preventive strategies into 

diabetes care pathways. Lastly, health policy makers and physicians will benefit from 

new evidence of the effects of the COVID-19 pandemic on depression in people with 

type 2 diabetes to ensure a high level of care during crisis periods. 
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1. INTRODUCTION  

This thesis describes aims, the methods and results of PSIGE-DIAB project (original 

title “Impatto dei disturbi PSIchici sulla GEstione del DIABete pre e post COVID-19 

nell’AUSL Romagna: studio di coorte retrospettivo basato su flussi ammistrativi correnti”1,), 

a collaborative project between the Local Health Authority of Romagna, the 

Department of Biomedical and Neuromotor Sciences of the University of Bologna, 

and the Diabetology Unit of Ravenna. 

The aims of the thesis project were 1) to estimate the incidence of depression over 10 

years since the diagnosis of type 2 diabetes, 2) to identify the demographic and 

clinical predictors of depression, and 3) to determine the extent to which depression 

is a risk factor for acute and long-term complications of diabetes and mortality. 

Two additional objectives were explored in the context of COVID-19 pandemic: 4) 

to evaluate whether a history of depression in people with type 2 diabetes increases 

the number of Emergency Department accesses for acute and long-term diabetes-

related complications during the COVID-19 pandemic, and 5) to investigate changes 

in the incidence of depression in people with type 2 diabetes during the first year of 

the pandemic compared to a pre-pandemic period. 

The data sources used to meet these objectives were the Healthcare Utilization 

Databases. The remainder of the thesis is structured as follows:  

Paragraph 2 contains a description of the Healthcare Utilization Databases, 

providing an overview of their implementation and use in the Italian National Health 

Service. 

 
1 English translation: “Impact of mental disorders on the management of diabetes before and after 

COVID-19 in the Local Health Authority of Romagna: retrospective cohort study based on 

administrative databases” 



11 
 

Paragraph 3 illustrates the methods and results of the retrospective study on the 

incidence and on the short/ long-term effects of depression in patients with type 2 

diabetes, published by Messina et al. [1]. 

Paragraph 4 describes the methods and results of the study on Emergency 

Department access patterns during COVID-19 pandemic in people with type 2 

diabetes, according to the presence or absence of a history of depression, published 

by Messina et al. [2]. 

Paragraph 5 shows the study estimating the incidence of depression during COVID-

19 in people with type 2 diabetes. 

Lastly, the Conclusion paragraph summarizes the real-world evidence on the impact 

of depression in people with diabetes derived from the entire project. 
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2. Real-world data and Healthcare Utilization Databases 

Real-world data (RWD) has been defined “an umbrella term for different types of 

data that are not collected in conventional randomised controlled trials. RWD in the 

healthcare sector comes from various sources and includes patient data, data from 

clinicians, hospital data, data from payers and social data”[3]. A consensus on the 

definition of RWD is still lacking, anyway most of the definitions agree in defining 

RWD as data collected in a non-randomized controlled trial setting [4]. 

Over the past decades, clinical and pharmaco-epidemiological studies have 

increasingly used RWD due to the digitalization of health information, especially 

administrative data related to the utilization of health services where financial and 

clinical information is routinely and continuously collected in large databases 

(Healthcare Utilization Databases, HUDs) [5]. There are several advantages of using 

HUDs: their immediacy to be analyzed at low cost, the wide geographical coverage, 

the long-term follow-up and the good detail of the clinical history of each individual, 

the good reliability in reflecting the state of clinical practice in the general population 

[6]. Therefore, HUDs can be used to estimate the incidence and prevalence of chronic 

and acute conditions [7], as well as rare diseases [8], to measure the comorbidity of 

the general population [9], [10], to conduct pharmaco-epidemiological investigations 

[11], to assess the healthcare pathway performance and costs [12]–[14]. 

Still, HUDs do not include information on the individual's lifestyle, social and 

economic status. Thus, observational studies based on HUDs may be affected by 

unmeasurable bias related to the lack of this kind of information. Nevertheless, these 

limitations can be minimized by a careful study design and adjustment in statistical 

analyses [15]. 
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Italian residents have universal and equal access to the National Health Service 

(NHS), and all individual contacts and health service provisions are recorded in the 

computerized information systems of 21 Italian regions and autonomous provinces. 

Such information is then sent to the Ministry of Health and gathered into the “Nuovo 

Sistema Informativo Sanitario”2, NSIS, to ensure uniformity in the collection and 

comparability of information [16]. 

The information assets currently available in the NSIS consists of a set of 

interconnectable HUDs which detect organizational and economic aspects of the 

NHS facilities, centered on the individual. In particular, to capture the complexity of 

care in citizens who need multiple levels of assistance, HUDs are designed to monitor 

the healthcare services provided in different care settings, to identify the care 

pathways and the healthcare resources utilization of the NHS, and to carry out 

integrated and cross-sectional analyses at the various “Livelli Essenziali di Assistenza”3, 

LEA. To date, the HUDs of the NSIS cover 85% of the services included in the LEA 

[16]. 

Emilia-Romagna is one of the regions with the most advanced health information 

system which includes over 20 different individual level HUDs, such as hospital 

discharges, outpatient care, residential care and hospice, home healthcare, mental 

healthcare, emergency care, drug dispensing databases, childbirth assistance, 

mortality registries, and screening registries [17]. 

These HUDs collect each contact of the population residing in Emilia-Romagna with 

the NHS, even those services provided in health facilities outside the regional borders 

(passive interregional mobility). HUDs have been implemented in a SAS 9.3 

 
2 English translation: “New Health Information System” 
3 English translation: “Essential Levels of Assistance” 
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environment and reside on a regional server with the Windows operating system; 

access to the anonymized HUDs is possible via individual credentials to users 

enabled by the Regional Health Agency. The record-linkage of the HUDs is possible 

through the unique identifier code assigned by the Regional Health Agency to 

residents, which does not allow to trace the patient's identity, in conformity with the 

regulations on data management with the Italian law on privacy (Legislation Decree 

196/2003 amended by Legislation Decree 101/2018). 
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3. Is it time to consider depression as a major complication of 

type 2 diabetes? 

 

3.1 Introduction 

Type 2 diabetes, like other chronic conditions requiring intensive self-care 

management, is associated with high levels of distress, affecting the physical and 

psychological well-being and possibly leading to depression [18]. Indeed, depression 

is a common comorbidity among people with type 2 diabetes [19], and its incidence 

seems higher in the first year after glucose-lowering treatment initiation [20]. 

However, the relationship between type 2 diabetes and depression might be 

bidirectional, even if the underlying mechanisms are still unclear. Type 2 diabetes 

could lead to the development of depression due to the sense of loss of health and 

effectiveness, to behavioral and social factors [21], to biological factors such as insulin 

resistance, systemic inflammation, alterations in the hypothalamic-pituitary-adrenal 

axis [22]. At the same time, there is little evidence of a shared genetic vulnerability 

between depression and diabetes [22]. Despite good evidence supporting the role of 

diabetes as a trigger of the onset or worsening of depressive symptoms [23], [24], 

there is less convincing evidence that depression is a risk factor for the onset of type 

2 diabetes. Depression may impact self-care and lifestyle behaviors, particularly 

related to diet and physical activity [25], [26], even if there is uncertain evidence that 

antidepressants reduce the risk of developing diabetes in normoglycemic individuals 

[22]. 

Moreover, clinical data on depression treatment suggest that improvement in 

depressive symptoms correlates with improved glycemic control in people with type 

2 diabetes [22]. 
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A significantly higher risk of developing depression in people with diabetes than in 

the general population has been reported [19], although the prevalence of depression 

in type 2 diabetes varies according to the assessment method [27]. In a systematic 

review conducted in 2019, almost one in four adults with type 2 diabetes experience 

depressive symptoms [24]. In a comprehensive meta-analysis of studies [28] where 

the diagnosis of depression was made using standardized diagnostic instruments, the 

prevalence of major depressive disorder in type 2 diabetes was estimated to be 14.5%, 

with an odds ratio of 1.7 for people with type 2 diabetes compared to the general 

population. 

In people with diabetes, depression may negatively impact self-care, diabetes 

management, self-efficacy, cognitive outcomes [29]–[31], and medication adherence 

[32], [33], increasing the risk of developing diabetes complications [34], [35] and 

activating an additional vicious cycle [21]. Depression can affect all the aspects of 

quality of life, included sexual activity [36]. To this proposal, it is important to take 

into account depression and sexual dysfunctions in people with diabetes, as these 

mutually influence each other [37]–[39].  

Several studies reported that depression or depressive symptoms in people with type 

2 diabetes are associated with increased healthcare expenditure, cardiovascular 

diseases, and mortality [35], [40], [41].  

A meta-analysis found that depression is associated with a 1.5-fold increased 

mortality risk in patients with diabetes [42]. However, the impact of depression on 

mortality varies among studies [35], [41]–[45], and it is still unclear whether the 

increased occurrence of diabetes complications drives this association [46]. 

Depression seems unrelated to microvascular complications or higher glycemia levels 

[47], while it has been linked to an increased risk for cardiovascular complications 
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and all-cause mortality, but not with cardiovascular mortality or diabetes-related 

mortality [35]. On the other hand, a recent study from Quebec on individuals with 

type 2 diabetes newly treated with glucose-lowering drugs, showed that depression 

was consistently associated with a higher risk of all-cause and cardiovascular-related 

mortality, regardless of the level of adherence to medications and age [44]. The excess 

mortality may be partially explained by the association between depression and the 

increased risk of cardiac events and cardiovascular-related mortality [43]. No 

evidence from the literature is available on the effect of depression on acute 

complications in type 2 diabetes. 

One of the drawbacks of the studies investigating the association between diabetes 

and depression and the impact of depression on diabetes complications is that the 

temporal sequence of events is not taken into account. To address this limitation, the 

association between diabetes and depression might be investigated using real-world 

data, in particular HUDs, in the attempt to determine the temporal sequence of 

depression and complications among new cases with type 2 diabetes. 

Specifically, the aims of this study were to estimate the incidence and clinical 

predictors of depression over 10 years from the diagnosis of type 2 diabetes, and to 

determine the extent to which depression constitutes a risk factor for acute and long-

term complications of diabetes and mortality. 

 

3.2 Methods 

3.2.1 Study Design and target population 

In this population-based observational prospective study, the target population 

consisted of people with type 2 diabetes, aged 15 years or older, living in the Local 

Health Authority (LHA) of Romagna. The LHA of Romagna has a catchment area 
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of about 1.1 million people. The study period was between January 1, 2008, and 

October 31, 2020. 

 

3.2.2 Data sources 

The secondary data sources used for the present study were the HUDs of the LHA 

of Romagna, including: 

• Hospital Discharge Records (HDR) database, which contains demographic 

characteristics, admissions and discharge dates, discharge status, the primary 

and up to five secondary diagnoses and up to six procedures/interventions, 

identified using the International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-9-CM coding system);  

• Mental Health Information System (MHIS), which comprises demographic 

characteristics and the ICD-9-CM diagnoses of all the adults who have at least 

one contact with the community mental health centres;  

• Residential Mental Healthcare (RMHC), which includes information on 

patients, discharged from no-profit or accredited private facilities, notably 

admission and discharge dates, principal diagnosis, and destination at 

discharge;  

• Pharmaceutical databases, containing prescriptions and dispensation of drugs 

reimbursed by the healthcare system and prescribed by the general practitioner 

or a specialist, or directly delivered by the hospital pharmacies. These databases 

contain information on the patient's sex and age, prescriptions (substance 

name, Anatomical Therapeutic Chemical, ATC, classification system-V.2013, 

date of prescription filling, and number of packages), and prescribers; 

• Regional mortality register, which was used to detect the patient's date of death.  
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These HUDs were linked through a deterministic record-linkage procedure using the 

unique anonymized identification code, generated by regional authorities and 

assigned to each NHS beneficiary. 

The study was conducted according to the guidelines of the Declaration of Helsinki; 

the Ethics Committee of the Romagna Local Health Authority approved the study 

procedures (registration number: 9502/2020, 14/12/2020). This study was carried 

out in conformity with the regulations on data management with the Italian law on 

privacy (Legislation Decree 196/2003 amended by Legislation Decree 101/2018). 

The informed consent was not required because data were analysed anonymously. 

 

3.2.3 Case definition of diabetes and of depression 

Beneficiaries of the NHS aged 15 years or older and living in the LHA of Romagna 

were classified as patients with type 2 diabetes if they had at least one hospitalization 

with a primary or secondary diagnosis of diabetes (ICD-9-CM: 250.xx) and at least 

one prescription of Glucose-Lowering Medication (GLM) (ATC: A10), or at least 

three prescriptions of GLM in distinct periods during the period 01/01/2008 and 

31/10/2017. The date of the first health service contact for type 2 diabetes was used 

as a proxy of disease diagnosis (date of cohort entry). 

To identify incident cases, all patients with at least one hospitalization or a GLM 

prescription in the three years before the date of cohort entry were excluded (wash-

out period 2005-2008). Uncertain cases of type 2 diabetes, such as patients with 

insulin as initial and unique treatment, and women diagnosed with gestational 

diabetes were excluded [48]. Patients with hospitalizations for the outcomes 

investigated (Supplementary material 1) and patients with hospitalizations for 
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depression or prescriptions of antidepressants in the three years before the diabetes 

diagnosis were further excluded.  

The presence of depression was ascertained using the following criteria: at least 1 

prescription of antidepressant drugs (ATC: N06A), or at least 1 hospitalization 

(sources HDR, RMHD), or at least 1 outpatient service (source RMHC) with ICD-

9-CM diagnosis codes for depression (Supplementary material 2). The first date of 

health service contact for depression (inpatient, outpatient or drug prescription) was 

considered as the index depression date. 

 

3.2.4 Comorbid conditions 

The presence of comorbid conditions in the three years preceding the onset of 

diabetes, was determined for each patient.  

The comorbid conditions considered were other mental disorders (psychosis, bipolar 

disorders, anxiety/obsessive-compulsive disorder, substance disorders), neurological 

disorders (epilepsy, dementia, Parkinson's disease), hypothyroidism, respiratory 

illness (chronic obstructive pulmonary disease, asthma), and cancer. The list of 

ICD-9-CM/ATC codes was determined using consolidated comorbidity indices, 

such as Elixhauser Comorbidity Index [49] and Modified-Chronic Disease Score [9], 

and combining multiple secondary data sources (Supplementary material 3).  

 

3.2.5 Study outcomes 

The new cases of depression in patients with type 2 diabetes were observed over the 

study period. 

Acute complications of diabetes (Supplementary material 1) occurring within the first 

three years of follow-up, long-term complications of diabetes and all-cause deaths 
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occurring within ten years of diabetes onset (Supplementary material 1) were 

evaluated as outcomes. Complications were retrieved from the HDRs database; all-

cause mortality was obtained by collecting the date of death from the regional 

mortality register. 

 

3.2.6 Statistical analysis 

Demographic and clinical characteristics of patients who developed depression (Dep) 

during 10 years of follow-up and those who did not develop depression (Non-Dep) 

were summarized using absolute frequencies and percentages, means and standard 

deviations (SD) or medians and interquartile range (IQR), as appropriate.  

The ten-year cumulative probability of developing depression was estimated using 

Kaplan-Meier product limit estimator, with 95% Confidence Interval (95% CI); 

patients were followed-up from the date of cohort entry to index depression date, 

date of death, or to 10 years from date of cohort entry, whichever came first. Multiple 

Cox regression models were used to identify the predictors of depression, estimating 

the Hazard Ratio (HR) and its 95% CI. The possible predictors considered were sex, 

age (categorized as ≤35, 36-55, 56-65, 66-75, >75 years), urbanization level of the 

municipality of residence, presence of comorbid conditions, and initial diabetes 

medication in the first month (only 1 oral GLM, 2 or more oral GLM, only insulin, 

insulin plus oral GLM). Using the Eurostat’s Degree of Urbanisation classification 

system (revised definition, 2014), the municipalities where the patients lived were 

subdivided into rural areas (alternative name: sparsely populated areas), medium-

density area (towns or suburbs), and high-density area (cities). 

Survival analysis was used to estimate the complications and mortality outcomes, 

using the Kaplan-Meier product limit estimator, with 95% CI. 
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When evaluating acute complications, patients were followed-up from the date of 

cohort entry to the earliest date between the outcome of interest, all-cause death, or 

after 3 years from date of cohort entry. In the analysis of the other two outcomes 

(long-term complication, all-cause mortality), patients’ follow-up started at diabetes 

onset and ended at the occurrence of the outcome of interest, or after 10 years from 

date of cohort entry, whichever came first.  

Unadjusted Cox proportional-hazard model was used to investigate whether 

depression was associated with complications and mortality; subsequently, adjusted 

analyses were performed using sex, age group, presence of comorbid conditions, and 

initial diabetes medication as covariates. The proportional-hazard assumption 

underlying these models was tested using Schoenfeld residuals. When adjusting 

covariates did not meet the proportional-hazard assumption, they were used as strata 

of the baseline hazard. Results are expressed as HR with 95% CI. 

Patients were considered exposed to depression only if they developed depression 

before the outcomes or before the end of follow-up. In the Cox regression models, 

depression was included as a time-dependent covariate to take into account that its 

onset could take place at different times during the follow-up, avoiding immortal time 

bias.  

For all tests, significance was set as p<0.05; statistical analyses were performed using 

IBM Statistical Package for the Social Sciences-SPSS version 25.0 and Stata 15. 

 

3.2.7 Immortal time bias 

The immortal time bias occurs whenever the period between entry into the cohort 

and the exposure of interest is classified as a period at risk of experiencing the 

outcome even if, by study design, during this period the exposed individuals cannot 
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experience the outcome (the period is defined as "immortal", Figure 1A) [50]. This 

bias is typical of pharmacoepidemiology studies, where the apparent advantage of a 

therapy is artificially generated by the time lag between entry into the study and the 

assignment of a given therapy. Similarly, in this study, there is a time lag between 

cohort entry (type 2 diabetes onset) and the exposure (diagnosis of depression) during 

which the individual is effectively “immortal” and cannot experience the outcomes 

of interest. 

 

Figure 1 – Immortal time bias misclassification (A) and correction using the time-

dependent variable approach (B). 

A 

 
B 

 
 

To handle immortal time bias, a valid and common statistical approach is to treat the 

exposure as a time-dependent variable [51], i.e. a variable whose value may change 
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over time, when the individual actually experiences the exposure during the follow-

up. Immortal time bias is managed by splitting the follow-up into time periods 

according to actual exposure status, so that all individuals contribute person-time to 

different exposure categories. 

In this study, individuals with type 2 diabetes who develop depression during the 

follow-up were assigned to the unexposed population (Non-Dep group) until the first 

diagnosis of depression, after which they were assigned to the exposed population 

(Dep group) (Figure 1B).  

 

3.1 Results 

From January 1, 2008, to October 31, 2017, people with hospitalizations or drug 

prescriptions related to diabetes identified were 94,267, of whom 44,268 were 

incident cases. After excluding 13,453 patients, the study cohort comprised 30,815 

patients with type 2 diabetes (Figure 2). During 10 years of follow-up, 5,146 (16.7%) 

patients received a depression diagnosis or a prescription for an antidepressant drug 

after diabetes diagnosis (Dep group). Selective Serotonin Reuptake Inhibitors (SSRIs) 

was the initial antidepressant therapy in 56.8% of patients with diabetes and 

depression, while 1.3% of patients with diabetes and depression did not receive 

antidepressant drugs (see Supplementary Table 4). 
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Figure 2 - Flow-chart of the study cohort selection. 

 

 

3.3.1 Incidence and clinical predictors of depression  

The incidence of depression over 10 years from the diagnosis of type 2 diabetes was 

7.1 cases per 100,000 person-days (26.1 cases per 1,000 person-years).  

The ten-year cumulative probability of developing depression was 21.7% (95% CI 

21.2%-22.3%); among patients in the Dep group, the onset of depression occurred on 

average 3.4 years after the diagnosis of diabetes (median=2.8 years; IQR=1.1-5.6). 

About 2.5% of the cohort developed depression within six months from diabetes 

onset. 
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Table 1 shows the baseline sociodemographic and clinical characteristics of the 

overall study population and of the Dep and Non-Dep groups; the results of the 

multiple Cox regression model used to estimate the risk of developing depression are 

also shown in Table 1.  

 

Table 1 - Sociodemographic and clinical characteristics of the study cohort and 

their association with depression (multiple Cox regression model). 

Sociodemographic and 

clinical characteristics 

Total Non-Dep Dep Multiple Cox 

(n=30,815) (n=25,669) (n=5,146) regression model 

n % N % n % HR 95% CI 

Sex            

Female 13,444 43.6% 10,615 41.4% 2,829 55.0% 1.49 (1.41; 1.58) 

Male 17,371 56.4% 15,054 58.6% 2,317 45.0% Ref.  

Age class            

≤35 1,049 3.4% 924 3.6% 125 2.4% 0.83 (0.69; 1.00) 

36-55 7,782 25.3% 6,790 26.5% 992 19.3% 1.00 (0.92; 1.09) 

56-65 8,332 27.0% 7,269 28.3% 1,063 20.7% Ref.  

66-75 8,072 26.2% 6,614 25.8% 1,458 28.3% 1.45 (1.34; 1.57) 

>75 5,580 18.1% 4,072 15.9% 1,508 29.3% 2.62 (2.42; 2.84) 

Degree of urbanization            

High-density area 11,715 38.0% 9,816 38.2% 1,899 36.9% Ref.  

Medium-density area 15,019 48.7% 12,525 48.8% 2,494 48.5% 1.04 (0.98; 1.10) 

Rural area 4,081 13.2% 3,328 13.0% 753 14.6% 1.15 (1.06; 1.26) 

Initial medications            

1 oral GLM 25,728 83.5% 21,379 83.3% 4,349 84.5% Ref.  

2 or more oral GLM 2,462 8.0% 2,066 8.0% 396 7.7% 1.04 (0.93; 1.14) 

Insulin 1,214 3.9% 1,026 4.0% 188 3.7% 1.15 (0.94; 1.27) 

Insulin plus oral GLM 1,411 4.6% 1,198 4.7% 213 4.1% 1.17 (1.02; 1.34) 

Comorbid conditions            

Other mental disorders 386 1.3% 283 1.1% 103 2.0% 1.78 (1.45; 2.19) 

Neurological disorders 498 1.6% 343 1.3% 155 3.0% 1.90 (1.61; 2.26) 

Hypothyroidism 2,332 7.6% 1,858 7.2% 474 9.2% 1.03 (0.93; 1.13) 

Respiratory illness 2,789 9.1% 2,206 8.6% 583 11.3% 1.26 (1.16; 1.38) 

Cancer 1,536 5.0% 1,233 4.8% 303 5.9% 1.33 (1.19; 1.50) 

Non-Dep: people with type 2 diabetes without depression; Dep: people with type 2 diabetes with depression;  

GLM: Glucose-Lowering Medications; Ref: reference category; HR: Hazard Ratio; 95%CI: Confidence interval 95% 

 

The risk of developing depression was significantly higher in females than males 

(HR=1.49, 95% CI 1.41-1.58). Compared to the age class 56-65, being in the age class 

66-75 or in the age class >75 increased the risk of developing depression by 1.45 and 



27 
 

2.62-fold, respectively (66-75 age class: 95% CI 1.34-1.57; >75 age class: 95% CI 2.42-

2.84). In patients living in rural areas the risk of developing depression increased by 

15% compared to patients living in high-density areas (95% CI 1.06-1.26). Patients 

with an initial diabetes medication with insulin plus oral GLMs were at higher risk 

of developing of depression than patients with only one GLM as initial diabetes 

medication (HR=1.17, 95% CI 1.02-1.34). 

Patients with comorbid conditions like other mental disorders (HR=1.78, 95% CI 

1.45-2.19), neurological disorders (HR=1.90, 95% CI 1.61-2.26), respiratory illness 

(HR=1.26, 95% CI 1.16-1.38) and cancer (HR=1.33, 95% CI 1.19-1.50), had a higher 

risk of developing depression. 

 

3.3.2 Depression and acute complications over three years 

Over three years, 162 patients (0.5%) experienced acute complications, after a 

median of 15.2 months. Of these, 18 (11.1%) had depression.  

Results from univariate Cox-regression analysis indicate that depression was 

associated with an almost 3-fold risk of acute complications (HR=2.88, 95% CI 1.75-

4.74), and after adjusting for covariates the risk was only slightly attenuated 

(HR=2.33, 95% CI 1.39-3.92). The cumulative hazard function by Dep and Non-

Dep groups are shown in Figure 3 A.  

 

3.3.3 Depression and long-term complications over ten years 

Over the ten years of follow-up, long-term complications occurred in 7,488 patients 

(24.3%), on average after 76.3 months. Of these, 980 (13.1%) were diagnosed with 

depression.  
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In a univariate Cox-regression model, patients with depression had a 1.9-time higher 

risk of long-term complications than patients without depression (HR=1.89, 95% CI 

1.76-2.02). In multiple Cox regression analyses, adjusted for age group, sex, initial 

diabetes medication, and comorbidities, depression was confirmed as an independent 

predictor of complications (HR=1.64, 95% CI 1.52-1.76). The cumulative hazard 

functions for the Dep and Non-Dep groups are shown in Figure 3 B.  

 

Figure 3 - Acute (follow-up at three years, panel A) and long-term (follow-up at ten 

years, panel B) complications: cumulative hazard function from unadjusted and 

adjusted Cox regression models according to the presence of depression.  
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3.3.4 Depression and 10-year mortality risk 

Among the 5,146 patients who developed depression, 1,348 (26.2%) died during the 

ten years of follow-up, while in the same period, there were 3,454 (13.5%) deaths in 

the Non-dep group. The median follow-up duration was 92.2 months (mean=86.1 

months). Cox regression analyses showed that depression was associated with a 3.8 

(95% CI 3.54-4.03) mortality risk, that decreased to 2.8 in the adjusted model (95% 

CI 2.58-2.96). Figure 4 shows the cumulative hazard function for the Dep and Non-

Dep groups.  
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Figure 4 - Ten-year all-cause mortality: cumulative hazard function from unadjusted 

and adjusted Cox regression models according to the presence of depression 

 

 

3.4 Discussion 

The main results of this population-based observational cohort study are that a 

significant proportion of patients with type 2 diabetes and without a prior history of 

depression developed depression during follow-up and that depression negatively 

affects complications and mortality. The ten-year cumulative probability of 

developing depression was 21.7%, with a mean onset of 3.4 years after diabetes 

diagnosis; the incidence of depression was 26.1 cases per 1,000 person-years. This 

figure was extremely high compared with those reported in other studies using 

HUDs. In a study conducted in Quebec, using HUDs to assess the presence of 

depression, the authors reported a 12.6/1,000 person-years incidence rate of 

depression during the first year after initiating a GLM, and an incidence of 9.5/1,000 
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person-years in the eight-year study period [20]. Similar results were found in 

Saskatchewan, Canada [47] and Taiwan [52]. 

The results of the study indicate that female sex, age>65 years, living in rural areas, 

having insulin plus oral GLMs as initial diabetes medication and having comorbid 

conditions were independent predictors of the development of depression in type 2 

diabetes.  

A positive association between depression and female gender has been reported in 

other studies [20], [53]. Like a study carried out in Canada and based on claims data, 

in this study was also observed an increased risk of depression in people aged 65 years 

and more [20]. Nevertheless, another study found that lower age was associated with 

an increased risk for depression [54]. Consistent with [20], this study observed that 

the presence of specific comorbidities, and especially psychiatric comorbidities or 

cancer, increased the risk of depression. Conversely, this study found a higher risk of 

depression in patients living in rural versus urban areas.  

The key findings of this study are that depression highly increased the risk of 

developing acute complications over three years (by 2.3 times) and the risk of 

developing long-term complications over ten years (by 1.6 times) above and beyond 

demographic characteristics, initial treatment and comorbid conditions.  

Evidence from the literature suggests people with type 2 diabetes have a two-fold 

higher risk than the general population of fatal and non-fatal coronary heart disease, 

hemorrhagic or ischemic stroke [55]. Diabetes cardiovascular complications are 

considered major complications, that not only negatively affect the global health, but 

also the quality of life of people with diabetes [56], increasing the burden of the 

disease in terms of healthcare utilization [57], economic expenditure [58], and 

mortality. 
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Moreover, study results showed that 26.2% of people with depression vs. 13.5% 

without depression died during the ten-year follow-up. The findings of the study 

suggest that people with type 2 diabetes and subsequent depression should be 

protected from the increased risk of acute complications possibly caused by 

depression itself. Therefore, it is important to avoid, when possible, complex 

therapeutic regimens and the use of pharmacological treatments characterized by a 

high risk of hypoglycemia. Adherence to therapy and a regular glucose control 

assessment should be promoted for these patients by involving the family or by 

activating home care support systems (multidisciplinary taking and social network). 

The findings of the study highlight the significant impact of depression and suggest 

that it should be considered a major complication of type 2 diabetes and a mediator 

of poor outcomes. The presence of depression should be evaluated, especially in older 

people, as often as the presence of other major complications. In case of depression, 

a comprehensive medical evaluation and approach should be assured to these 

patients, given their high level of frailty. Furthermore, introducing new practices 

among healthcare professionals to take into account patients’ emotional needs may 

enhance healthcare professionals’ efforts to address psychological health in adults 

with diabetes [59]. 

 

3.4.1 Strengths and limitations 

As for other studies based on HUDs, this study has some limitations. One intrinsic 

limitation is the lack of clinical information such as lab tests, that could allow a better 

characterization of patients and the identification of clinical predictors of poor 

outcomes. Moreover, the case definition for depression is a proxy of a clinical 

diagnosis, based on antidepressant prescriptions and information from 
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hospitalizations and outpatient services. The use of antidepressant prescriptions as a 

proxy may overestimate the incidence of depression because these drugs are also used 

as medications for other clinical conditions, such as anxiety disorders, eating 

disorders, sleep disorders, premature ejaculation and chronic pain. Vice versa, 

patients not seeking treatment for depression or those receiving psychological 

therapies in private practices may have been missed, leading to an underestimation 

of the actual risk of complications and mortality. Another limitation is that diabetes 

complications were collected from hospital discharge records; therefore, 

complications managed in outpatient settings were not identified. 

This study also has several strengths. The main strength consists in its longitudinal 

design. Indeed, the temporal sequence of depression and complications in this large 

cohort of people newly diagnosed with type 2 diabetes was modeled. Using time-

dependent Cox analyses, the immortal-time bias was avoided and the adjusted effect 

of depression on the onset time of complications and death was estimated. In this 

way, the hypothesis of a causal relationship between depression and diabetes 

outcomes was corroborated by empirical evidence. In addition, the use of a 

population-based cohort minimized the risk of selection bias. HUDs of Emilia-

Romagna region proved to be high-quality and reliable data sources for 

epidemiological studies [12], [60]. 
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4. Emergency Department accesses during COVID-19 pandemic 

in people with type 2 diabetes and depression 

 

4.1 Introduction 

Mental disorders are leading causes of the global health related burden [61]. In 2020, 

COVID -19 pandemic has created an environment where many determinants of poor 

mental health exacerbated [62]. Scientific literature has highlighted that people with 

diabetes are at higher risk of developing depression than the general population [19] 

and that depression interferes with the course of diabetes. In fact, depression in type 

2 diabetes increases the risk of developing acute and long-term complications [1]. 

The aim of this study was to evaluate whether depression in people with type 2 

diabetes increases the access rate to the Emergency Department (ED) for acute and 

long-term diabetes-related complications during COVID-19 pandemic. 

 

4.2 Methods 

4.2.1 Study design, population, and data sources 

In this observational cohort study, data were retrospectively retrieved from the HUDs 

of the LHA of Romagna, in particular the following databases were used: HDR and 

Pharmaceutical Prescriptions databases to identify patients with type 2 diabetes; 

MHIS, RMHC, HDR and Pharmaceutical Prescriptions databases to identify 

patients with depression; ED database to detect access for acute and long-term 

diabetes-related complications. 

Prevalent cases of type 2 diabetes at February 15, 2020, were identified among 

individuals aged 18 years or older, residing in the LHA of Romagna, if they had in 

the two preceding years at least one HDR claim with a primary or secondary 
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diagnosis of diabetes (ICD-9-CM: 250.xx), or at least two distinct prescriptions of 

GLM (ATC: A10).  

The presence of depression was defined as at least one prescription of antidepressant 

drugs (ATC: N06A), or at least one hospitalization/outpatients service with a 

primary or secondary diagnosis of depression (Supplementary material 2) in the 10 

preceding years. Therefore, patients were distinguished between type 2 diabetes with 

depression (Dep) and without depression (Non-Dep).  

The cohort was followed up over a 12 months period (until death or February 15, 

2021, whichever came first) and the number of ED accesses for acute and long-term 

complications related to diabetes were investigated. With the same criteria, a 

prevalent cohort of type 2 diabetes at February 15, 2019, was identified to assess what 

was the impact of depression in a pre-pandemic period.  

The study was conducted according to the guidelines of the Declaration of Helsinki; 

the Ethics Committee of the Romagna Local Health Authority approved the study 

procedures (registration number: 9502/2020, 14/12/2020), and the study was carried 

out in conformity with the regulations on data management with the Italian law on 

privacy (Legislation Decree 196/2003 amended by Legislation Decree 101/2018). 

 

4.2.2 Statistical analysis 

Demographic and clinical characteristics of Dep and Non-Dep groups of the 2020 

prevalent cases were summarized using absolute frequencies and percentages.  

The impact of depression on the access rate to the ED was evaluated with a multiple 

negative binomial regression model to estimate the Incidence Rate Ratio (IRR) and 

its 95% confidence interval. The multiple model was adjusted for gender, age groups 

(18–39, 40-59, 60-75,>75 years), drug therapy of the last 5 years (1 oral GLM, 2 or 
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more oral GLM, insulin, insulin and oral GLM), number of comorbidities detected 

in the two previous years from prevalence date (0, 1, 2 or more comorbidities) and 

duration of diabetes (<1, 1-4, 5-9, ≥10 years). The number of comorbid conditions 

was determined for each patient using the Elixhauser algorithm. The significance 

level was set at p<0.05. Statistical analyses were performed using IBM SPSS version 

25.0 and Stata 15. 

 

4.3 Results  

At 15/02/2020, 61,887 prevalent cases of type 2 diabetes were found, 28.3% patients 

were in the Dep group and 71.7% in the Non-Dep group. During COVID-19 period 

541 ED accesses were observed. 

As shown in Table 2, Dep group had a higher rate of ED accesses for acute and long-

term complications related to diabetes during COVID-19 pandemic compared to 

Non-Dep group (IRR=1.47, 95% CI 1.18-1.83), adjusted for gender, age groups, 

duration of type 2 diabetes, drug therapy of the last 5 years, and number of 

comorbidities. 

This significantly different rate of ED accesses was also observed in the prevalent 

cases of non-pandemic period (n=60,618; total ED accesses=659), in which Dep 

group had an IRR of 1.43 (95% CI 1.18-1.73) compared to Non-Dep one, adjusted 

for clinical and demographic factors. The higher rate of ED accesses in Dep group 

compared to Non-Dep group was similar between COVID-19 period and the pre-

pandemic period (group-period interaction term: IRR=1.01, 95% CI 0.76-1.34).  

 



37 
 

Table 2 – Characteristics of the prevalent cases of type 2 diabetes at 15/02/2020 

(n=61,887) and results of the multiple negative binomial regression model to estimate 

the incidence rate ratio of ED accesses for acute and long-term complications. 

  n (%) IRR 95% CI p-value 

Group      

Non-Dep 44,380 (71.7%) Ref.     

Dep 17,506 (28.3%) 1.47 1.18 1.83 <0.001 

Gender      

Female 28,677 (46.3%) Ref.     

Male 33,209 (53.7%) 1.06 0.86 1.32 0.576 

Age groups (years)      

18-39 1,438 (2.3%) 2.38 1.32 4.27 0.004 

40-59 10,150 (16.4%) 1.77 1.26 2.5 0.001 

60-75 23,910 (38.6%) Ref.     

>75 26,388 (42.6%) 1.66 1.29 2.15 <0.001 

Duration of type 2 diabetes      

<1 year 4,416 (7.1%) 0.4 0.21 0.77 0.006 

1-4 years 13,729 (22.2%) 0.66 0.48 0.91 0.011 

5-9 years 14,491 (23.4%) 0.68 0.49 0.93 0.015 

≥10 years 29,250 (47.3%) Ref.     

Drug therapy      

1 oral GLM 24,261 (39.2%) Ref.     

2 or more oral GLM 19,252 (31.1%) 2.38 1.66 3.42 <0.001 

Insulin 3,992 (6.5%) 5.57 3.4 9.13 <0.001 

Oral GLM plus insulin 14,381 (23.2%) 4.14 2.87 5.98 <0.001 

N. of comorbidities      

None 47,164 (76.2%) Ref.     

1 6,232 (10.1%) 1.31 0.93 1.82 0.119 

2 or more 8,490 (13.7%) 2.66 2.04 3.48 <0.001 

Non-Dep: people with type 2 diabetes without depression; Dep: people with type 2 diabetes with depression;  

GLM: Glucose-Lowering Medications; Ref: reference category;  

IRR: Incidence Rate Ratio; 95%CI: Confidence interval 95% 

 

4.4 Discussion  

The diagnosis of depression in type 2 diabetes is associated with a higher rate of ED 

accesses for acute and long-term complications, both during the COVID-19 

pandemic and in the pre-pandemic period.  
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Despite the overall decrease in ED access rate during the COVID-19 pandemic 

(−19.6% percentage variation compared to the preceding year) due to the restrictions, 

a clear difference in ED accesses was observed in patients with type 2 diabetes and 

depression compared to patients with type 2 diabetes without depression. This is 

consistent with evidence on the impact of depression on short-term complications [1] 

in people with type 2 diabetes and depression.  

Since COVID-19 is associated with poor mental health [63], the special health needs 

of patients with diabetes and depression should be taken into account. 
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5. Incidence of depression in patients with diabetes during 

COVID-19 pandemic 

 

5.1 Introduction 

The outbreak of the COVID-19 pandemic in Italy in February 2020 was followed by 

containment restrictions starting from March 10, when confirmed cases of COVID-

19 were 10,149 and deaths 631 [64]. Specifically, the Italian government enforced a 

national lockdown until May 2020 to limit the spread of the SARS-Cov-2 infection 

(first wave of COVID-19); on May 4, 2020, several important restrictions were eased 

and during the summer period there was a sharp reduction of daily confirmed new 

cases. A second wave of COVID-19 hit Italy at the beginning of October 2020, so the 

Government adopted progressive and differentiated restrictive measures, based on 

the spread of the pandemic and the burden on health services, for each region.  

The lockdown measures, overload of healthcare services and the extended state of 

emergency, had a negatively impact on the access and use of healthcare service, 

consequently affecting the care of chronic conditions like diabetes [65], [66]. 

In addition to the direct effects of COVID-19, social restrictions, fear of contagion 

and uncertainty about the future had an impact on psychological wellbeing. A recent 

systematic review reported an increased prevalence of major depressive disorder 

associated with daily SARS-CoV-2 infection rates and reductions in human mobility 

[62]. 

Since people with type 2 diabetes have a significantly higher risk of developing 

depression than the general population [19], and depression represents a risk factor 

for diabetes complications and mortality [1], I focused on the impact of COVID-19 

pandemic on mental health of people living with type 2 diabetes. 



40 
 

The aim of the study was to investigate the impact of COVID-19 pandemic on the 

incidence of depression in people with type 2 diabetes compared to a pre-pandemic 

period. 

 

5.2 Methods 

5.2.1 Study design, population, and data sources 

In this prospective observational study, adult patients with type 2 diabetes residing in 

the LHA of Romagna were considered.  

Data were retrieved from regional HUDs, by linking the unique anonymized 

identification code of HDR, the MHIS, RMHC, Pharmaceutical Prescriptions 

databases, and the regional mortality register.  

Two cohorts of people with type 2 diabetes at 01/01/2020 (2020 cohort) and at 

01/01/2019 (2019 cohort) were identified, based on having at least one HDR claim 

with a primary or secondary diagnosis of diabetes (ICD-9-CM: 250.xx), or at least 

two distinct prescriptions of GLM (ATC: A10) in the two years preceding the date 

of cohort entry. The two cohorts were then followed up for 12 months or until the 

date of death if this occurred earlier.  

During the follow-up, the new onset of depression was ascertained as at least one 

prescription of antidepressant drugs (ATC: N06A), one hospitalization with a 

primary or secondary diagnosis of depression, or outpatient service with a diagnosis 

of depression (Supplementary material 2). Patients with a history of depression in the 

previous 10 years from the date of cohort entry were excluded from the analysis. 
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5.2.2 Statistical analysis 

For the two cohorts, the annual incidence rate (IR) of depression per 1,000 person-

years and 95% confidence interval (95% CI) were estimated. Depression incidence 

rates were analysed by sex, age groups (18–49, 50–59, 60-74, ≥75 years), number of 

comorbidities (0, 1, 2 or more), duration of diabetes (≤1 year, 2-4 years, 5-9 years, 

≥10 years), and drug therapy in the last 5 years (1 oral GLM, 2 or more oral GLM, 

only insulin, oral GLM and insulin). The incidence-rate ratio (IRR) of depression 

with 95% CI was calculated as the ratio between the IR of 2020 cohort and the IR of 

2019 cohort. 

To consider the evolution of the pandemic and the alternation of containment 

interventions, the IR of the two cohorts and the IRR were also calculated for four 

subperiods: pre-pandemic phase (P1: January 1 – March 9), first wave (P2: March 

10, beginning of national lockdown in Italy - May 3), slowdown phase of restrictions 

(P3: May 4, first phase of reopening from Lockdown – September 30), and second 

wave (P4: October 1 - December 31). 

Lastly, a multiple Cox regression model was used to evaluate the impact of COVID-

19 on the incidence of new cases of depression, adjusting by sex, age, number of 

comorbidities, duration of diabetes, and drug therapy of the last 5 years, stratified by 

pandemic subperiods. Results were provided as Hazard Ratio and 95% CI. 

For all tests, significance was set as p<0.05; statistical analyses were performed using 

Stata 15. 

 

5.3 Results 

The 2020 and 2019 cohorts comprised 44,194 and 42,961 people with type 2 diabetes 

without a history of depression in the previous 10 years, respectively.  
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In the 2020 cohort, 59.5% were males, the mean age was 68.6 (SD=13.4), 46.8% had 

more than 10 years of history of diabetes, 40% had only one GLM drug therapy in 

the previous five years, and 80% had no comorbidities at the date of cohort entry.  

 

5.3.1 Annual incidence of depression 

The annual incidence rate of depression significantly decreased in 2020, from 27.0 

cases in 2019 cohort per 1,000 person-years to 24.0 cases per 1,000 person-years in 

2020 cohort; the IRR was 0.89 (95% CI 0.81-0.97, p=0.006) (Table 3). 

 

Table 3 – Incidence of depression in people with type 2 diabetes per 1,000 person-years (95% 

CI) by demographic and clinical features. The Incidence Rate Ratio is the ratio of IR in the 

2020 cohort to the IR of 2019 cohort. 

  2019  2020 

IRR (95% CI) p-value 

  
Cases py 

IR / 

1,000 py 
Cases py 

IR / 

1,000 py 

Total cohort 1125 41,637 27.0 1028 42,890 24.0 0.89 (0.81-0.97) 0.006 

Sex               

Female 569 16,777 33.9 491 17,342 28.3 0.83 (0.74-0.94) 0.003 

Male 556 24,860 22.4 537 25,549 21.0 0.94 (0.83-1.1) 0.305 

Age groups 
        

18-39 16 1,315 12.2 13 1,351 9.6 0.79 (0.35-1.75) 0.536 

40-59 95 8,292 11.5 91 8,480 10.7 0.94 (0.69-1.26) 0.656 

60-74 350 17,557 19.9 289 18,006 16.1 0.81 (0.69-0.94) 0.006 

>74 664 14,474 45.9 635 15,053 42.2 0.92 (0.82-1.03) 0.131 

N. of comorbidities         

0 741 33,464 22.1 674 34,672 19.4 0.88 (0.79-0.98) 0.014 

1 143 3,765 38.0 131 3,842 34.1 0.90 (0.70-1.15) 0.373 

2+ 241 4,408 54.7 223 4,376 51.0 0.93 (0.77-1.12) 0.450 

Duration of type 2 

diabetes (years) 
        

≤1 107 4,515 23.7 79 4,857 16.3 0.69 (0.51-0.93) 0.011 

2-4 147 7,110 20.7 154 7,488 20.6 0.99 (0.79-1.26) 0.963 

5-9 277 11,917 23.2 231 10,623 21.7 0.94 (0.78-1.12) 0.455 

10+ 594 18,095 32.8 564 19,922 28.3 0.86 (0.77-0.97) 0.012 

Drug therapy of the 

last 5 years 
        

1 oral GLM 422 16,724 25.2 377 17,240 21.9 0.87 (0.75-1.00) 0.043 

2 or more oral GLM 350 13,251 26.4 315 13,540 23.3 0.88 (0.75-1.03) 0.102 

Insulin 80 2,741 29.2 58 2,802 20.7 0.71 (0.50-1.01) 0.050 

Insulin plus oral 

GLM 
273 8,921 30.6 278 9,307 29.9 0.98 (0.82-1.16) 0.776 

IR: Incidence Rate per 100,000 person-years; IRR: Incidence Rate Ratio; 95% CI: 95% confidence interval 

py: person-years; GLM: glucose lowering medications 
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When IRR were investigated in the different strata, a significant decrease in the 

annual incidence rate of depression in 2020 vs. 2019 was observed in females 

(IRR=0.83, 95% CI 0.74-0.94, p=0.003), in the age group 60-74 years (IRR=0.81, 

95% CI 0.69-0.94, p=0.006), in those with no comorbidities at the date of cohort entry 

(IRR=0. 88, 95% CI 0.79-0.98, p=0. 014), and in people with type 2 diabetes whose 

drug therapy in the last 5 years was of 1 oral GLM (IRR=0.69, 95% CI 0.51-0.93, 

p=0.011).  

 

5.3.2 Incidence of depression by subperiod 

Figure 5 shows the incidence rates of depression in 2020 cohort and 2019 cohort of 

each subperiod. 

Different incident rates of depression were found in the subperiod P2 (March 10 – 

May 3, 2020, corresponding to the Italian national lockdown), as in 2020 cohort it 

was significantly lower (IR=16.3/1,000 py) than in 2019 cohort (IR=27.9/1,000 py), 

with an IRR of 0.58 (95% CI 0.45-0.75, p<0.001). In addition, in the last subperiod 

(P4, October 1– December 31) there was a slight reduction in the new cases of 

depression in 2020 cohort compared to 2019 cohort (IRR=0.83, 95% CI 0.69-0.99, 

p=0.042). 
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Figure 5 - Comparison of the 2019 and 2020 incidence rate of depression per 1,000 

person-years in people with diabetes stratified by the four subperiods. 

 

The incidence rate reduction in subperiod P2 was also confirmed when stratifying by 

sex (Males: IRR=0.58, 95%CI 0.40-0.82; Females: IRR=0.59, 95%CI 0.42-0.83), age 

class (Age group 60-74 years: IRR=0.62, 95%CI 0.39-0.97; age group ≥75 years: 

IRR=0.60, 95%CI 0.43-0.82), duration of diabetes (≤1 years: IRR=0.30, 95%CI 0.12-

0.68; ≥10 years: IRR=0.66, 95%CI 0.47-0.93), drug treatment (1 GLM: IRR=0.46, 

95%CI 0.29-0.72), and by number of comorbidities at baseline (no comorbidities: 

IRR=0.53, 95%CI 0.38-0.74; 1 comorbidity: IRR=0.45, 95%CI 0.21-0.93). 

 

5.3.3 Multiple Cox regression model 

The multiple Cox regression model (Table 4) confirmed a significant reduction in the 

HR of depression in 2020 cohort compared to 2019 cohort in the P2 subperiod 
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(HR=0.59, 95%CI 0.46-0.75, p<0.001) and in the P4 subperiod (HR=0.81, 95%CI 

0.68-0.97, p=0.025) after adjusting for demographic and clinical characteristics. 

 

Table 4 – Multiple Cox regression model to evaluate the impact of COVID-19 on the 

incidence of depression stratified by four subperiods, adjusting by sex, age, number 

of comorbidities, duration of diabetes, and drug therapy in the last 5 years. 

  P1 P2 P3 P4 

  HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

Cohort         

2019 Ref.    

2020 1 (0.83-1.21) 0.59 (0.46-0.75)*** 0.98 (0.86-1.11) 0.81 (0.68-0.97)* 

Sex     

Female Ref.    

Male 0.73 (0.6-0.88)*** 0.67 (0.53-0.84)*** 0.78 (0.69-0.89)*** 0.79 (0.66-0.95)* 

Age group     

18-39 0.86 (0.39-1.88) 0.46 (0.16-1.29) 0.57 (0.32-1.04) 0.55 (0.24-1.28) 

40-59 0.67 (0.46-0.98)* 0.57 (0.36-0.91)* 0.63 (0.49-0.81)*** 0.73 (0.53-1.02) 

60-74 Ref.    

>74 2.42 (1.94-3.02)*** 1.86 (1.42-2.42)*** 2.26 (1.96-2.62)*** 1.98 (1.61-2.43)*** 

N. of comorbodities     

0 Ref.    

1 1.87 (1.42-2.46)*** 1.8 (1.26-2.57)*** 1.48 (1.22-1.8)*** 1.22 (0.9-1.65) 

2+ 2.3 (1.82-2.91)*** 2.85 (2.16-3.77)*** 1.73 (1.46-2.04)*** 1.72 (1.35-2.2)*** 

Duration of diabetes     

≤1 1.12 (0.79-1.6) 1.3 (0.86-1.95) 0.79 (0.61-1.02) 0.73 (0.51-1.07) 

2-4 1.11 (0.83-1.48) 0.92 (0.63-1.35) 0.88 (0.72-1.08) 0.84 (0.63-1.13) 

5-9 1.06 (0.83-1.35) 1.04 (0.77-1.4) 0.86 (0.73-1.01) 0.9 (0.71-1.13) 

≥10 Ref.    

Drug therapy     

1 oral GLM Ref.    

2 or more oral GLM 1.12 (0.89-1.43) 1.13 (0.83-1.53) 0.93 (0.79-1.09) 1.07 (0.86-1.35) 

Insulin 1.04 (0.66-1.64) 2.09 (1.34-3.25)*** 1.09 (0.81-1.47) 1.09 (0.72-1.67) 

Insulin plus oral 

GLM 
1.21 (0.93-1.57) 1.21 (0.87-1.69) 1.18 (0.99-1.4) 1.05 (0.81-1.36) 

* p<0.05; *** p<0.001 

P1: January, 1 – March, 9; P2: March, 10 – May, 3; P3: May, 4 – September, 30; P4: October, 1 – December, 31 

HR: Hazard ratio; 95% CI: Confidence interval 95% 

Ref.: Reference category; GLM: glucose lowering medications 
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5.4 Discussion 

This population-based study investigated the impact of COVID-19 pandemic on the 

incidence of depression in a large, unselected population of people with type 2 

diabetes, using HUDs. 

Although reviews and meta-analyses found a high prevalence in 2020 of depressive 

disorders in the general population [62], [67], [68], and two longitudinal studies 

observed an increase of depressive symptoms in people with diabetes [69], [70], the 

results of this study showed a statistically significant decrease of the incidence rate of 

depression in 2020 compared to 2019. This difference can be accounted by the 

decrease of antidepressant prescriptions, mental health services and hospital 

admissions with a diagnosis of depression during the 2020 lockdown period and 

during the second wave of COVID-19. This reduction might also be due to the limited 

access to healthcare services rather than a decrease in the depression incidence, linked 

to a disruption in regular monitoring and integrated care [71]. In fact, this apparent 

“decline” was also observed for other diseases/conditions not related to depression 

in people with type 2 diabetes, such as hypothyroidism, gout, glaucoma, Parkinson’s 

disease, arrhythmia, Crohn’s and ulcerative colitis, and pain and inflammation 

(additional analyses reported in Supplementary Material 5), suggesting a lack of 

access to healthcare of all types during this period. 

Another possible explanation of the discrepancy with previous studies may be found 

in the tools used to detect depression: in this study, depression was identified through 

ICD-9-CM diagnoses and ATC codes present in HUDs while in the other studies it 

was assessed with self-report questionnaires such as the Patient Health 

Questionnaire. The pandemic may have increased self-reported depressive symptoms 

without an increase in clinically diagnosed depression.  
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Anyway, the results of this study are consistent with those of Kowall et al. [72], who 

reported a lower incidence rate of depressive disorders per 1000 person-years in 2020 

(IR=23.3, 95% CI 22.3–24.3) than in 2019 (IR=26.5, 95% CI: 25.5–27.5) in people 

with type 2 diabetes in Germany. Two other studies that evaluated the incidence of 

depression in the general population also found a reduction in new cases of 

depression in 2020 compared with 2019 [73], [74]. 

A study exploring the psychological effects of COVID-19 pandemic and lockdown 

on a sample of the Italian population, reported higher scores of depressive symptoms 

in females, younger adults, people reporting professional uncertainty and in those 

who could not leave home for going to work [75]. On the other hand, in this study 

the investigated cohort consisted of predominantly elderly subjects (the mean age was 

69 years) not affected by home-based work or fear of job loss. 

An Italian study, evaluating the COVID-19 pandemic impact, found out that people 

with diabetes reported more frequently an improvement of lifestyles than healthy 

older people, such as physical activity, drinks/week reduction, and increased 

consumption of fruit and vegetables [76]. The development of depression may have 

been curtailed by the pandemic in people with type 2 diabetes, who seized the 

opportunity to improve health behaviours. 

Other explanations for the reduction of new cases of depression can be sought in the 

reduction of general practitioner or diabetologist visits due to restrictive measures or 

to fear of contracting the virus, leading to unnoticed or underestimated psychiatric 

disorders [77]. To mitigate these unintended implications of lockdowns/containment 

interventions, policymakers should adopt a more holistic approach in order to 

prevent patients with health needs from disengaging from health services. 
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COVID-19 pandemic put a huge strain on health systems ability to respond and 

provide regular care especially to the most vulnerable people. To confirm mental 

health unmet needs of people with diabetes during the first and the second pandemic 

waves further research are necessary, ensuring that healthcare services are prepared 

to address the needs of this this segment of the population. 
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6. CONCLUSION 

In this thesis, carried out in the framework of PSIGE-DIAB project, I explored and 

evaluated the role of depression in people with type 2 diabetes and how depression 

can negatively influence the natural history of diabetes, increasing the risk of diabetes 

complications. 

The first population-based study suggests that being a woman, being over 65 years, 

living in rural areas, and having comorbid conditions are important risk factors for 

the onset of depression in this population. Knowing the risk factors of depression in 

people with type 2 diabetes may help healthcare professionals identify timely patients 

at high risk, thus improving screening activities regarding the evaluation of 

psychological aspects and introducing targeted personalized treatment in diabetes 

care settings. As recommended by the standards of medical care in diabetes of the 

American Diabetes Association [78], the evaluation for depressive symptoms should 

be integrated into diabetes care as initial and annual screenings, and as suggested by 

the PsychoSocial Aspects of Diabetes study group of the European Association for 

the Study of Diabetes, person-centred outcomes should be used longitudinally and 

integrated into diabetes registers for clinical management and risk stratification [79]. 

The first study also confirms that depression is not only associated with an increased 

risk for chronic diabetes complications and all-cause mortality in patients with 

diabetes, but it provides new evidence of the impact of depression on acute 

complications. 

Having ascertained the fragility of people with diabetes and depression, in the context 

of the pandemic I investigated the impact of COVID-19 on depression in people with 

type 2 diabetes. The incidence of depression decreased in 2020 compared to 2019, 

particularly during the first and the second waves of the pandemic, where people with 
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diabetes may have had difficulty to reach healthcare services. The number of 

Emergency Department accesses for acute and long-term diabetes-related 

complications during the COVID-19 pandemic was higher in people with type 2 

diabetes and a history of depression compared to those without history of depression, 

but this discrepancy was also observed in a previous pre-pandemic period. 

Healthcare Utilization Databases proved to be an important data source for 

epidemiological studies, allowing to design longitudinal observational studies, 

correctly assessing temporal sequence of exposures and outcomes in large 

population-based cohorts with chronic conditions; real-world evidences will help 

healthcare professionals identify timely patients at high risk of developing depression 

and introduce targeted and personalized treatment in diabetes healthcare pathways. 

Future research is needed to evaluate the impact of a structured depression screening 

and comprehensive treatment in people with type 2 diabetes and depression on acute 

and long-term complications and mortality. Furthermore, the assessment of the 

effects of the COVID-19 pandemic on depression in people with type 2 diabetes 

might inform policy makers, healthcare facilities managers and clinicians and let 

them be prepared to maintain key health systems functioning during crisis periods. 
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Supplementary Materials 

 

Supplementary material 1 - ICD-9-CM diagnosis and surgery procedure codes of 

acute and long-term diabetes complications. 

Diabetes complications 
ICD-9-CM diagnosis and surgery procedure 

codes 

Acute 

coma (250.3, 251.0) 

hyperosmolarity (250.2) 

hypoglycaemia (251.2)  

ketoacidosis (250.1, 276.2) 

Long-term  

Cardio-Cerebrovascular  

acute myocardial infarction (410)  

cerebrovascular disease (433, 435-437) 

diabetes circulatory complications (250.7) 

gangrene (785.4)  

hischemic/emorragic stroke (430-432, 434)  

hypertension (402.01; 402.11; 402.91; 404.01; 

404.11; 404.91) 

ischemic heart disease (411-414) 

other hearth disease (428, 429.1) 

peripheral artery disease, (440.2; 440.3; 443.81) 

ulcers (707.1)  

Neuropathy 

disorders of the peripheral nervous system (354-

355, 357.2) 
neuropathy (350; 351; 378.51; 378.52; 378.53; 
378.54) 

peripheral autonomic neuropathy (337.1)  

Renal 

acute renal kidney (584) 

chronic renal disease, nephritic syndrome (585, 
581.81) 

diabetes renal complications (250.4)  

dialysis (V45.1; V56.1; V56.2; V56.3) 

Ophthalmic 

diabetes ophthalmic complications (250.5) 

disorders of the eye and adnexa (362.0; 362.01; 
362.02; 362.55, 364.42, 365.63, 369) 

maculopathy (362.07) 

Amputations 
surgery procedure code (84.11; 84.12; 84.13; 

84.15; 84.17) 

Diabetes with other specified or 
unspecified complications 

diabetes with other specified manifestations 

(250.8)  

diabetes with unspecified complication (250.9) 
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Supplementary material 2 - ICD-9-CM diagnosis codes of depression. 

ICD-9-CM diagnosis codes of depression 

Depression 296.2, 296.20, 296.21, 296.22, 296.23, 296.24, 296.25, 
296.26, 296.3, 296.30, 296.31, 296.32, 296.33, 296.34, 

296.35, 296.36, 296.9, 296.90, 296.99, 300.4, 309.0, 309.1, 
311. 
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Supplementary material 3 - ICD-9-CM diagnosis and ATC codes of comorbid 

conditions. 

Comorbidity ICD-9-CM and ATC codes 

 
Other mental 

disorders 

ATC: Anxiety/obsessive-compulsive disorder (N05B), 
Bipolar disorders (N05AN), Psychosis (N05A) excluding 
(N05AN), Addictive Disorders (N07B) 

ICD-9-CM: Psychoses (293.8, 295, 296.04, 296.14, 296.44, 
296.54, 297, 298), Drug Abuse (292, 304, 305.2, 305.3, 305.4, 

305.5, 305.6, 305.7, 305.8, 305.9, V65.42), Alcohol Abuse 
(265.2, 291.1, 291.2, 291.3, 291.5, 291.8, 291.9, 303.0, 303.9, 

305.0, 357.5, 425.5, 535.3, 571.0, 571.1, 571.2, 571.3, 980, 

V11.3) 

Neurological 
disorders 

ATC: Epilepsy (N03A, N05CD08) excluding (N03AA02, 
N03AE01, N03AF01, N03AG02, N03AX09, N03AX12, 
N03AX16, N03AX21), Dementia (N06D, N06BX13), 

Parkinson disease (N04) excluding (N04BC01) 

ICD-9-CM: Dementia (290, 290.0, 290.1, 290.10, 290.11, 

290.12, 290.13, 290.2, 290.20, 290.21, 290.3, 290.4, 290.40, 
290.41, 290.42, 290.43, 290.8, 290.9, 294.1, 294.10, 294.11, 
331.2, 331.0, 293.0, 293.1, 293.9, 294.0, 294.8, 294.9, 310.0, 

310.1, 310.2, 310.8, 310.9), Other Neurological Disorders 
(331.9, 332.0, 332.1, 333.4, 333.5, 333.92, 334, 335, 3362, 

340, 341, 345, 348.1, 348.3, 780.3, 784.3) 

Respiratory  
illness 

ATC : R03 

ICD-9-CM: 416.8, 416.9, 490, 491, 492, 493, 494, 495, 496, 
500, 501, 502, 503, 504, 505, 506.4, 508.1, 508.8 

Hypothyroidism 
ATC: H03A 

ICD-9-CM: 240.9, 243, 244, 246.1, 246.8 

Cancer 

ATC: H01CB, L01, L02, L03AC, L03AX, L04AX02, 

L04AX04, L04AX06, V03AF excluding H01CB01, 
L01AA01, L01DB07, L01XC02, L01XE31, L01XX05, 

L01XX14, L02AB01, L03AX13 

ICD-9-CM: Lymphoma (200, 201, 202, 203.0, 238.6), 
Metastatic Cancer (196, 197, 198, 199), Solid Tumor without 

Metastasis (140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 
150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 

162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 174, 
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 

187, 188, 189, 190, 191, 192, 193, 194, 195)  
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Supplementary material 4 - Initial antidepressant therapy of patients with diabetes 

and depression (n=5,146). 

Classes of antidepressant drugs n % 

No antidepressant drugs 68 1.3% 

Tricyclic antidepressants (TCAs)  491 9.5% 

Selective serotonin reuptake inhibitors (SSRIs)  2923 56.8% 

Serotonin–norepinephrine reuptake inhibitors (SNRIs)  533 10.4% 

Other antidepressant drugs 1131 22.0% 
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Supplementary material 5 – Additional analysis conducted to compare the incidence 

of different diseases or conditions in people with type 2 diabetes in four subperiods 

between 2020 and 2019. 

Disease or condition 

P1 P2 P3 P4 

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

2020 cohort vs. 2019 cohort  

Neoplasms 0.99 (0.80-1.23) 0.77 (0.59-1.00) 0.81 (0.70-0.93)* 0.69 (0.59-0.80)*** 

Hypothyroidism 0.84 (0.59-1.18) 0.63 (0.42-0.95)* 0.86 (0.66-1.10) 0.89 (0.65-1.23) 

Gout 1.56 (1.31-1.85)*** 0.61 (0.49-0.77)*** 0.98 (0.88-1.10) 1.05 (0.90-1.22) 

Coagulation defects 0.87 (0.33-2.25) 0.46 (0.20-1.07) 0.95 (0.56-1.59) 0.84 (0.45-1.58) 

Dementia 1.03 (0.73-1.48) 1.02 (0.72-1.45) 1.01 (0.84-1.22) 1.02 (0.82-1.26) 

Other neurological 

diseases 
1.79 (1.05-3.04)* 0.60 (0.35-1.04) 0.97 (0.72-1.29) 0.79 (0.56-1.10) 

Glaucoma 1.08 (0.85-1.37) 0.27 (0.17-0.43)*** 0.81 (0.66-0.98)* 1.03 (0.83-1.29) 

Epilepsy 1.59 (1.31-1.92)*** 0.83 (0.65-1.05) 1.15 (1.01-1.31)* 0.90 (0.76-1.06) 

Parkinson's disease 1.38 (0.93-2.05) 0.50 (0.29-0.87)* 1.16 (0.89-1.51) 1.36 (0.97-1.91) 

Arrhythmia 1.00 (0.83-1.21) 0.58 (0.46-0.73)*** 0.86 (0.75-0.99)* 0.94 (0.81-1.10) 

Cystic fibrosis 0.90 (0.46-1.74) 1.15 (0.52-2.58) 0.86 (0.54-1.37) 1.02 (0.60-1.72) 

Liver diseases 0.85 (0.57-1.27) 0.81 (0.48-1.38) 0.94 (0.70-1.25) 0.95 (0.67-1.34) 

Crohn’s and ulcerative 
colitis 

1.50 (1.00-2.25) 0.43 (0.26-0.69)*** 0.92 (0.72-1.17) 1.13 (0.81-1.56) 

Kidney disease 0.77 (0.61-0.96)* 0.96 (0.74-1.24) 0.86 (0.74-1.00)* 0.86 (0.72-1.02) 

Pain and inflammation 1.00 (0.9-1.11) 0.78 (0.68-0.88)*** 0.89 (0.82-0.96)* 0.95 (0.86-1.05) 

* p<0.05; *** p<0.001; P1: January, 1 – March, 9; P2: March 10 – May, 3; P3: May, 4 – September, 30; P4: 

October, 1 – December, 31; HR: Hazard ratio; 95% CI: Confidence interval 95% 

 

Footnote: For the two cohorts of people with type 2 diabetes (2020 cohort and 2019 

cohort), the new onset of each disease or condition was ascertained using the 

Hospital Discharge Records and/or Pharmaceutical Prescriptions databases; for each 

disease or condition, patients with a history of that specific disease or condition in 

the 3 years preceding the date of cohort entry were excluded.  
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The Hazard Ratio with 95% CI was calculated as the ratio between the probability 

of developing each disease or condition between 2020 cohort and 2019 cohort in the 

four pandemic subperiods. The list of codes of each disease and condition are 

reported as follow [80]: 

Disease or condition 
HUDs used to detect diseases or conditions 

HDR Pharmaceutical Prescriptions  

2020 vs. 2019     

Neoplasms 

140.0x-172.9x, 174.0x-175.9x,179.x-195.8x, 

196.0x-199.1x, 200.00-202.38, 202.50-203.01, 
203.8x, 238.6x, 273.3x, V10.0x-V10.9x, 

V10.71, V10.72, V10.79 

L01, C07AB05, L03AC, 
L03AA, A04 

Hypothyroidism 243.x-244.2, 244.8x, 244.9x H03A, H03B 

Gout 274.x M04AC01, M04AA, M04AB 

Coagulation defects 286.0x-286.9x, 287.1x, 287.3x-287.5x  

Dementia 290.x  

Other neurological diseases 

331.9x, 332.0x, 333.4x, 333.5x, 334.0x-335.9x, 
340.x, 341.1x-341.9x, 345.00-345.11, 345.40-

345.51, 345.80-345.91, 348.1x, 348.3x, 780.3x, 
784.3x 

 

Glaucoma 365.x S01E 

Epilepsy 345.x 
N03AA, N03AB02, N03AB05, 

N03AB52, N03AX 

Parkinson's disease 332x N04B, N04BD01 

Arrhythmia 
426.10, 426.11, 426.13, 426.20-426.53, 426.60-

426.89, 427.0x, 427.2x, 427.31, 427.60,427.9x, 
785.0x, V45.0x, V53.3x 

C01BA, C01BC, C01BD 

Cystic fibrosis 277.0 
R05CB, R05FB01, R05FA01, 

A09AA02 

Liver diseases 

070.32, 070.33, 070.54, 456.0x, 456.1x, 
456.20, 456.21, 571.0x, 571.2x, 571.3x, 

571.40-571.49, 571.5x, 571.6x, 571.8x, 571.9x, 
572.3x, 572.8x, V42.7x 

A06AD 

Crohn’s and ulcerative colitis 555.x-556.x 
A07EC01, A07EC03, 

A07EC02 

Kidney disease 
582.x, 583.0, 583.1, 583.4, 583.7, 583.8, 584.6, 

585.x, 586.x, 588.x 
V01AE01 

Pain and inflammation   N02, M01A 

HUDs: Healthcare Utilization Databases; HDR: Hospital Discharge Records 

 


