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Purpose: No studies have validated psychiatric diseases diagnoses in Taiwan’s National Health Insurance Research Database 
(NHIRD). We aimed to assess the interrater reliability of chart-review among psychiatrists, examine the validity of the diagnostic 
codes for psychotic disorders and affective diseases in the NHIRD against review-based diagnoses, and examine whether the change in 
the coding system from the ICD-9-CM to the ICD-10-CM affected the validity of the diagnostic codes.
Patients and Methods: The study participants were psychiatric inpatients aged 18 to 65 years who were admitted in 2015 and 2017, 
respectively, to the main and three branch hospitals of National Taiwan University Hospital. A chart review was conducted among 48 
purposively selected inpatients with discharge diagnoses in five core categories to assess interrater reliability. This chart-review 
procedure was then used to generate diagnostic codes for a stratified sampling of 727 inpatients with discharge diagnoses in 12 
diagnostic categories of psychotic disorders and affective disorders to examine the validity of the diagnostic codes.
Results: The intraclass correlation coefficient reliability of schizophrenia and three broad categories of diagnoses indicated good 
interrater reliability. The positive predictive value and sensitivity of common diagnoses in the narrow category (eg, schizophrenia) or 
the broad category (eg, psychotic disorders, bipolar disorders, and major depressive disorders) were high-performing (≥ 0.70), whereas 
those of the diagnoses of low prevalence were modest. The validity indices of claims-based diagnoses using the ICD-10-CM tended to 
be better than those using the ICD-9-CM.
Conclusion: This first-ever study validating psychiatric diagnoses in Taiwan’s NHIRD using a structured chart review suggests that 
the diagnostic codes of narrow categories of schizophrenia or other broad categories are recommended for high-performing validity 
indices. Intensive training for the coding plus the specific details requested by the ICD-10 may increase the validity of the claims- 
based databases for psychotic and affective disorders.

Plain Language Summary: Mental disorders such as psychotic disorders and affective disorders have contributed substantially to 
the global burden of disease. Since Taiwan launched the National Health Insurance (NHI) in 1995, its claims data have been compiled 
into the National Health Insurance Research Database (NHIRD), which has a coverage rate over 99% of Taiwan’s population and is 
thus widely used by researchers. However, the validity of the diagnostic codes for psychotic disorders and affective disorders and the 
impact of the coding system transition in the NHIRD have not been examined. In this study, we developed a standardized process for 
reviewing the medical records of psychiatric inpatients at one medical center and its branches in suburban or rural areas, which 
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provided an opportunity to examine the validity of psychiatric diagnoses in hospitals across urbanicity levels in the NHIRD. Among 48 
inpatients in five core categories, including schizophrenia, manic/mixed episode with psychotic features, depressive episode with 
psychotic features, bipolar disorder without psychotic features, and major depressive disorder without psychotic features, good 
interrater reliability was achieved. In another 727 inpatients with psychotic and affective disorders, the positive predictive value 
and sensitivity of common diagnoses in the narrow category (eg, SZ) or broad category (eg, psychotic disorders, bipolar disorders, and 
major depressive disorders) were high-performing (≥ 0.70), whereas those of the diagnoses of low prevalence were modest. 
Intriguingly, the validity indices of claims-based diagnoses using the International Classification of Diseases, Tenth Revision (ICD- 
10) tended to be better than those using the ICD-9. 

Keywords: psychiatry, psychotic disorders, health insurance database, positive predictive value, sensitivity, interrater reliability, 
intraclass correlation coefficient reliability, electronic health records

Introduction
Psychotic disorders, including schizophrenia, schizoaffective disorder, schizophreniform disorder, brief psychotic dis
order, and affective disorder with psychotic features, are estimated to have a lifetime prevalence of approximately 3% 
worldwide.1,2 Together with the nonpsychotic forms of depressive disorder and bipolar disorder, these mental disorders 
have contributed substantially to the global burden of disease. The proportion of global disability-adjusted life-years 
(DALYs) attributed to mental disorders increased from 3.1% in 1990 to 4.9% in 2019.3 When disorders were ranked from 
highest to lowest in terms of DALYs for all ages, depressive disorders, schizophrenia, and bipolar disorder were among 
the top 5 mental disorders, with a global age-standardized prevalence in 2019 of 3.44% for depressive disorders, 0.29% 
for schizophrenia, and 0.49% for bipolar disorder.3 The complexity of psychotic symptoms and varying tools for case 
finding pose challenges for epidemiological surveys.1,4,5 A growing body of research on mental disorders has used 
administrative claims databases because they provide longitudinal real-world data on hospitalizations, major procedures, 
and medication use in large populations.6–12

Since Taiwan launched the National Health Insurance (NHI) in 1995, its claims data have been compiled into the 
National Health Insurance Research Database (NHIRD), which has a coverage rate over 99% of Taiwan’s population and 
is thus widely used by researchers.13–15 The majority of individuals who were first admitted for psychotic disorders from 
1998–2007, according to the NHIRD, were affected by schizophrenia (72.5%), followed by other nonorganic psychoses 
(18.0%) and then affective psychoses (13.6%).16 Nonetheless, the submission of claims data was mainly for financial and 
reimbursement purposes instead of research purposes, and the results of routine auditing of claims data were not 
available to researchers. Hence, it is important to validate the diagnostic categories in administrative claims databases 
to avoid or correct for misclassification biases in outcomes.17,18 To examine the validity of the diagnostic codes in claims 
data, a commonly used approach is to have psychiatrists review patients’ case notes or clinical records.19–21 Moreover, 
the consistency of psychiatrists’ review of medical records, measured as interrater reliability, needs to be assessed before 
the implementation of a validation study.22,23

In recent years, several research teams in Taiwan have conducted validation studies for the diagnostic codes for the 
diseases of their interest in the NHIRD. For example, studies have evaluated the validity of the diagnostic codes for 
ischemic stroke,24,25 acute myocardial infarction,26,27 psoriasis,28 chronic obstructive pulmonary disease,29 cancer,30 and 
glaucoma.31 The results revealed high positive predictive value and sensitivity for the diseases investigated in the 
NHIRD. In addition, the diagnostic coding system was changed from the International Classification of Diseases (ICD), 
Ninth Revision, Clinical Modification (ICD-9-CM) to the ICD, Tenth Revision, Clinical Modification (ICD-10-CM), in 
2016. However, the validity of the diagnostic codes for psychotic disorders and affective disorders and the impact of the 
coding system transition in the NHIRD have not been examined. To fill this gap in the research, we developed 
a standardized process for reviewing the medical records of psychiatric inpatients at one medical center and its branches 
in suburban or rural areas, which provided an opportunity to examine the validity of psychiatric diagnoses in hospitals 
across urbanicity levels in the NHIRD. This study aimed to (1) assess the interrater reliability of chart review for 
psychiatric inpatients among psychiatrists; (2) examine the validity of the diagnostic codes for psychotic disorders and 
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affective diseases in the claims data submitted to the NHI against the chart review-based diagnoses; and (3) examine 
whether the change in the coding system from the ICD-9-CM to the ICD-10-CM affected the validity of the diagnostic 
codes in the claims data.

Materials and Methods
Study Participants
The study participants were psychiatric inpatients aged 18 to 65 years who were admitted in 2015 (using the ICD-9) and 2017 
(using the ICD-10), respectively, to National Taiwan University Hospital (NTUH)-Taipei Main Hospital (in a metropolitan 
area, 68 acute beds) or its branches, including the Hsin-Chu (in an urban area, 36 acute beds), Biomedical Park (in a suburban 
area, 50 acute beds), and Yun-Lin (in a rural area, 50 acute beds) branches. The selection of psychiatric inpatients was based on 
the NTUH Integrated Medical Database, in which the discharge notes and the corresponding diagnostic categories in the 
claims data using the ICD coding system were stored. We included patients admitted in 2015 using the ICD-9-CM and those 
admitted in 2017 using the ICD-10-CM. We then selected 12 diagnostic categories of psychiatric diseases, including 
schizophrenia-spectrum disorder (hereafter referred to as schizophrenia (SZ)), schizoaffective disorder, manic/mixed episode 
with psychotic features (MEP), depressive episode with psychotic features (DEP), substance-induced psychotic disorder, 
delusional disorder, major depressive disorder without psychotic features (MDDNP), bipolar disorder without psychotic 
features (BDNP), depression not otherwise specified, cyclothymic disorder, dysthymic disorder, and other psychotic disorders.

The number of inpatients who fulfilled these 12 diagnostic categories was 1596 in 2015 and 1481 in 2017. 
Considering feasibility, we set the number of patients in each year to 400. For each year, to ensure sufficient 
representation for evaluating reliability and validity, we set the number to 100 for SZ and 50 for each of the other 4 
categories (MEP, DEP, BDNP, and MDDNP). For the remaining 7 categories, if a category’s number was 21 or less, all 
the patients were selected; for the remaining categories, the selection was proportional to their sizes. The total number 
and selected number of inpatients in different diagnostic categories and the corresponding codes in both the ICD-9 and 
the ICD-10 are provided in Table S1.

When an inpatient was discharged, the attending psychiatrist wrote a discharge note, in which compatible diagnoses 
in terms of the disease name were provided. At the end of each month, a group of health specialists in the hospital 
administrative center helped prepare the claims data, including the assignment of diagnostic codes in the ICD-9-CM or 
ICD-10-CM, on the basis of the information written in the discharge note. For this study, both the information of each 
patient’s medical records and the corresponding NHRI claims data were extracted into separate datasets that could be 
reviewed by participating psychiatrists or the study researchers via the software Research Electronic Data Capture 
(REDCap).32,33 This study was approved by the Research Ethics Committee of the National Taiwan University Hospital 
(NTUH-REC no. 201909027RINA).

Procedures
To standardize the chart-review process, we designed a REDCap checklist covering all the diagnostic criteria for the 
12 selected diagnoses according to both the ICD system (ICD-9-CM and ICD-10-CM) and the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), which is used in daily clinical teaching and practice 
in psychiatry nationwide in Taiwan. Psychiatrists who participated in this study were asked to fill out the REDCap 
checklist by reviewing the discharge notes. Following the privacy protection rule of the NTUH, the checklist of 
a patient cannot be linked directly to NHRI claims data using patient identifiers. As a result, we used a probabilistic 
record linkage method by simultaneously matching the medical record number and admission date to identify the 
records of the same individual across the medical record and claims datasets. This approach, widely used in 
administrative health research, has been shown to achieve acceptable accuracy when unique identifiers are not directly 
linkable.
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Interrater Reliability
We started with a reliability assessment among 10 psychiatrists with a focus on five core diagnostic categories, including 
SZ, MEP, DEP, BDNP, and MDDNP. For this reliability assessment, 50 inpatients were selected from the list of 800 
inpatients, with a balance in psychotic versus nonpsychotic disorders. Two inpatients were excluded from the interrater 
reliability assessment after being identified as having intellectual disabilities, which may involve different diagnostic 
considerations. The final sample included 48 inpatients. The allocation of these inpatients to psychiatrists (n = 10) at 
different sites is shown in Table S2.

Each medical record was individually evaluated by four psychiatrists, with a total of 192 rating records (Table S3). 
All the raters were blinded to the clinical diagnoses to avoid having their judgment influenced. After the interrater 
reliability was analyzed, for those patients whose chart review-based diagnoses differed, the participating psychiatrists 
discussed the case in detail to reach a consensus, and the format or procedures of the checklist were revised if indicated.

Validity Assessment
After the completion of the interrater reliability assessment, the remaining 750 medical records were used for validity 
assessments, of which 23 inpatients were excluded from subsequent analyses because they met the criteria for mental 
retardation or intellectual disability. A total of 16 psychiatrists reviewed the discharge notes of 727 patients. Each 
inpatient was reviewed by one psychiatrist, and the number of inpatients per psychiatrist ranged from 18 to 64 (more 
details are provided in Table S3).

Statistical Analyses
The interrater reliabilities in the diagnosis of major mental disorders were evaluated using the intraclass correlation 
coefficient reliability (ICCR), and their point estimates and 95% confidence intervals (CIs) were calculated using SAS 
statistical package version 9.4 (SAS Institute, Cary, NC, USA) via a one-way random effects (k = 4) model, since each 
subject was rated by a different set of 4 raters.34,35 An ICCR of less than 0.40 was interpreted as poor, 0.40–0.59 as fair, 
0.60–0.74 as good, and 0.75–1.00 as excellent.36,37

The validity of the psychiatric diagnostic codes recorded in the claims data was assessed against the psychiatrist’s 
diagnosis after reviewing the discharge note, which was treated as the gold standard. Hence, the validity of the diagnostic 
codes was expressed as (1) the positive predictive value (PPV), the conditional probability of a diagnosis in the review- 
based diagnosis given that it appeared in the claims data, and (2) the sensitivity, the conditional probability of a diagnosis 
recorded in the NHIRD given that it appeared in the review-based diagnosis. Since few studies have investigated the 
acceptable cutoffs for the PPV or sensitivity, we referred to the results from previous studies on quantitative bias analysis, 
with a PPV of 70%–80% or greater indicating a high-performing algorithm.18,38,39

Results
Patient Characteristics
The sociodemographic and clinical characteristics of the 48 patients included in the interrater reliability study and the remaining 
727 patients included in the validation study are presented in Table 1. Both samples were not different in terms of sex, age 
group, year of hospitalization, presence of psychotic features, age, age at onset, or length of index admission except at the hospital 
site, with the Biomedical Park branch contributing a lower proportion than the other hospitals did in the validation study.

Interrater Reliability Among the Psychiatrists
All of the diagnostic codes of the 48 inpatients, with each patient’s codes assigned by 4 out of 10 psychiatrists, are 
displayed in Table S4. The ICCRs (95% CI) for the individual diagnostic categories are shown in Table 2. Among the 
five core categories of diagnoses, four had an ICCR > 0.6 (0.72 for SZ, 0.70 for MEP, 0.69 for BDNP, and 0.62 for 
MDDNP), indicating good reliability, whereas DEP had an ICCR of 0.47, likely due to the small number of cases. 
Moreover, the ICCRs of the three broad categories of diagnoses all indicated good reliability, ie, 0.64 for common 
psychotic disorders, 0.74 for bipolar disorders, and 0.60 for major depressive disorders.
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Validity
Comparing the review-based diagnoses with the diagnostic codes in the NHIRD, Table 3 displays the number of joint 
events (present in both sources) and marginal events (present in one source), which can be used to derive the diagnoses- 
specific PPVs and sensitivities. Among the five core diagnoses, the PPVs of two diagnoses were > 0.70 (0.94 for SZ and 

Table 1 Sociodemographic and Clinical Characteristics of the Patients with Psychotic Disorders or Affective 
Disorders Selected for the Interrater Reliability and Validity Evaluations, Respectively, in This Study

Variable Sample for Reliability  
(N = 48)

Sample for Validity 
(N = 727)

Group Comparisona

n (%) n (%) P Value

Sex 0.60

Male 21 (43.8) 290 (39.9)
Female 27 (56.2) 437 (60.1)

Age group 0.39

18–30 7 (14.6) 110 (15.1)
31–40 12 (25.0) 176 (24.2)

41–50 9 (18.8) 210 (28.9)

51–65 20 (41.7) 231 (31.8)
Hospital site

Taipei Main Hospital 16 (33.3) 263 (36.2) 0.031

Hsin-Chu branch 11 (22.9) 181 (24.9)
Biomedical Park branch 11 (22.9) 70 (9.64)

Yun-Lin branch 10 (20.8) 213 (29.3)

Year of hospitalization 0.72
2015 23 (47.9) 368 (50.6)

2017 25 (52.1) 359 (49.4)

Presence of psychotic features 0.72
Psychotic disorders 28 (58.3) 443 (60.9)

Affective disorders without psychotic features 20 (41.7) 284 (39.1)

Mean (SD) Mean (SD) P value

Age (years) 45.5 (12.7) 43.5 (12.0) 0.28

Age of onset (years) 30.1 (13.9) 32.2 (13.3) 0.28

Length of the index admission (days) 76.6 (248.8) 100.4 (303.2) 0.60

Notes: aChi-square test for categorical variables and t test for continuous variables.

Table 2 Interrater Reliability Evaluation of 48 Patients, with Each Patient Being Rated by Four Psychiatrists from 
a Pool of 10 Psychiatrists Affiliated with National Taiwan University Hospitala

Diagnosis No. of Cases No. of 
Noncases

ICCR (95% CI)

Narrow category of diagnosis
1. Schizophrenia (SZ) 15 33 0.72 (0.63–0.79)

2. Manic/mixed episode with psychotic features (MEP) 8 40 0.70 (0.60–0.77)

3. Depressive episode with psychotic features (DEP) 5 43 0.47 (0.33–0.59)
4. Bipolar disorder without psychotic features (BDNP) 8 40 0.69 (0.59–0.76)

5. Major depressive disorder without psychotic features (MDDNP) 12 36 0.62 (0.50–0.71)

Broad category of diagnosis
Psychotic disorders (1+2+3) 28 20 0.64 (0.54–0.73)

Bipolar disorders (2+4) 16 32 0.74 (0.66–0.80)

Major depressive disorders (3+5) 17 31 0.60 (0.48–0.69)

Notes: a The allocation of the medical records of the participating psychiatrists and the sources of the medical records are detailed in Table S3. 
Abbreviations: ICCR, intraclass correlation coefficient reliability; CI, confidence interval.
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0.78 for MDDNP), and those of the remaining 3 were moderate (0.67 for MEP, 0.61 for DEP, and 0.58 for BDNP). For 
the remaining narrow categories of diagnoses, the PPVs of three psychotic disorders were high (0.88 for substance- 
induced psychotic disorder) or moderate (0.58 for schizoaffective disorder and 0.68 for delusional disorder), whereas 
those of the other categories of low prevalence were ≤ 0.50. With respect to the sensitivities, three of the five core 
diagnoses with psychotic features had a sensitivity value > 0.70 (0.84 for SZ, 0.71 for MEP, and 0.78 for DEP), the other 
two without psychotic features had moderate sensitivity (0.63 for BDNP and 0.61 for MDDNP), and the remaining 
categories of low prevalence had modest estimates. Nevertheless, for the four broad categories of diagnoses, both the 
PPVs and sensitivities were > 0.70, ie, 0.94 and 0.88 for SZ/schizoaffective disorder, 0.88 and 0.86 for psychotic 
disorders, 0.82 and 0.84 for bipolar disorders, and 0.81 and 0.79 for major depressive disorders.

We then examined whether the claims data of the patients from the medical center might differ from those from the 
branch hospitals (Table S5). In general, the validity indices of the patients from both types of hospitals were similar, ie, 
the point estimate in one type was within the 95% CI of the counterpart in the other type, except those of bipolar disorder 
without psychotic features in patients from the branch hospitals, which were lower than their counterparts in the main 
hospital. Nevertheless, for the three broad categories of diagnoses, the validity indices of patients from both types of 
hospitals were all similarly high, with PPVs and sensitivities ≥ 0.79.

Validity Stratified by ICD Coding Versions
When the validity indices of five core categories of diagnoses were compared between patients admitted in 2015 (using 
the ICD-9) and those admitted in 2017 (using the ICD-10), the latter showed better validity indices in almost every 
diagnostic category (Table 4). For example, patients admitted in 2017 had greater sensitivity than patients admitted in 
2015 for SZ (0.91 vs 0.78), MEP (0.74 vs 0.67), and BDNP (0.73 vs 0.55) and a greater PPV for MEP (0.78 vs 0.67) and 
BDNP (0.66 vs 0.51). However, all the validity indices of the three broad categories of diagnoses were similarly high, 
except for the lower sensitivity of major depressive disorders in the patients admitted in 2017 (0.74, 95% CI: 0.65–0.83) 
than in the patients admitted in 2015 (0.84, 95% CI: 0.76–0.92).

Table 3 The Validity of the NHIRD on the Basis of the Medical Records Reviewed by Psychiatrists in Narrow and Broad Disease 
Categories (n = 727)a

Categories Medical Record (+)  
& NHIRD (+)

NHIRD (+) Medical Record (+) PPVb  

(95% CI)
Sensitivityc  

(95% CI)

Narrow category of diagnosis

1. Schizophrenia (SZ) 169 180 202 0.94 (0.90–0.97) 0.84 (0.79–0.89)

2. Manic/mixed episode with psychotic features (MEP) 58 86 82 0.67 (0.58–0.77) 0.71 (0.61–0.81)

3. Depressive episode with psychotic features (DEP) 54 88 69 0.61 (0.51–0.72) 0.78 (0.69–0.88)

4. Bipolar disorder without psychotic features (BDNP) 52 89 82 0.58 (0.48–0.69) 0.63 (0.53–0.74)

5. Major depressive disorder without psychotic features (MDDNP) 69 89 114 0.78 (0.69–0.86) 0.61 (0.52–0.70)

6. Schizoaffective disorder 32 54 48 0.59 (0.46–0.72) 0.67 (0.53–0.80)

7. Substance-induced psychotic disorder 14 16 34 0.88 (0.71–1.00) 0.41 (0.25–0.58)

8. Delusional disorder 13 19 14 0.68 (0.48–0.89) 0.93 (0.79–1.00)

9. Depression not otherwise specified 12 47 27 0.26 (0.13–0.38) 0.44 (0.26–0.63)

10. Cyclothymic disorder 1 2 1 0.50 (0.00–1.00) 1.00 (1.00–1.00)

11. Dysthymic disorder 5 29 14 0.17 (0.03–0.31) 0.36 (0.11–0.61)

12. Other psychotic disorders 9 28 15 0.32 (0.15–0.49) 0.60 (0.35–0.85)

13. Others 0 0 25 n.a.

Broad category of diagnosis

Schizophrenia/schizoaffective disorder (1+6) 221 234 250 0.94 (0.92–0.97) 0.88 (0.84–0.92)

Psychotic disorders (1+2+3+6+7+8) 388 443 449 0.88 (0.85–0.91) 0.86 (0.83–0.90)

Bipolar disorders (2+4) 144 175 164 0.82 (0.77–0.88) 0.84 (0.79–0.89)

Major depressive disorders (3+5) 144 177 183 0.81 (0.76–0.87) 0.79 (0.73–0.85)

Notes: aLinked cases between the NHIRD and medical records; 727 cases underwent medical record review. bPPV: The proportion of records in the NHIRD that were also 
found in the medical records. cSensitivity: Patients who received a diagnosis via medical records and were also present in the NHIRD.
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Table 4 The Validity of the NHIRD in Narrow and Broad Diagnostic Categories Among the Years of Admission in 2015 (Using the ICD-9) and 2017 (Using the ICD-10), Respectively, 
on the Basis of the Medical Records Reviewed by Psychiatristsa

Categories Patients Admitted in 2015 (Using the ICD-9; N = 368) Patients Admitted in 2017 (Using the ICD-10; N = 359)

MR (+) &  
NHIRD (+)

NHIRD (+) MR (+) PPVb (95% CI) Sensitivityc  

(95% CI)
MR (+) &  

NHIRD (+)
NHIRD (+) MR (+) PPVb (95% CI) Sensitivityc  

(95% CI)

Individual classification of diseases

1. Schizophrenia (SZ) 83 89 107 0.93 (0.88–0.98) 0.78 (0.70–0.85) 86 91 95 0.95 (0.90–0.99) 0.91 (0.85–0.96)

2. Manic/mixed episode with psychotic features (MEP) 26 45 39 0.58 (0.43–0.72) 0.67 (0.52–0.81) 32 41 43 0.78 (0.65–0.91) 0.74 (0.61–0.87)

3. Depressive episode with psychotic features (DEP) 27 45 34 0.60 (0.46–0.74) 0.79 (0.66–0.93) 27 43 35 0.63 (0.48–0.77) 0.77 (0.63–0.91)

4. Bipolar disorder without psychotic features (BDNP) 23 45 42 0.51 (0.37–0.66) 0.55 (0.40–0.70) 29 44 40 0.66 (0.52–0.80) 0.73 (0.59–0.86)

5. Major depressive disorder without psychotic features (MDDNP) 34 45 53 0.76 (0.63–0.88) 0.64 (0.51–0.77) 35 44 61 0.80 (0.68–0.91) 0.57 (0.45–0.70)

Broad classification of diseases

Psychotic disorders (1+2+3) 194 224 230 0.87 (0.82–0.91) 0.84 (0.80–0.89) 194 219 219 0.89 (0.84–0.93) 0.89 (0.84–0.93)

Bipolar disorders (2+4) 71 90 81 0.79 (0.70–0.87) 0.88 (0.80–0.95) 73 85 83 0.86 (0.78–0.93) 0.88 (0.81–0.95)

Major depressive disorders (3+5) 73 90 87 0.81 (0.73–0.89) 0.84 (0.76–0.92) 71 87 96 0.82 (0.73–0.90) 0.74 (0.65–0.83)

Notes: aLinked cases between the NHIRD and medical records; 727 cases underwent medical record review. bPPV: The proportion of records in the NHIRD that were also found in the medical records. cSensitivity: Patients who 
received a diagnosis via medical records and were also present in the NHIRD. 
Abbreviations: MR, medical record; NHIRD, National Health Insurance Research Database; PPV, positive predictive value; CI, confidence interval.

C
linical Epidem

iology 2025:17                                                                                                      
https://doi.org/10.2147/C

LEP.S522618                                                                                                                                                                                                                                                                                                                                                                                                    
641

W
ang et al

Powered by TCPDF (www.tcpdf.org)



Discussion
In this study, we established checklists for reviewing discharge notes to evaluate the interrater reliability among 
psychiatrists and then used review-based diagnoses to evaluate the validity of claims-based diagnostic codes. Among 
48 inpatients in five core categories (SZ, MEP, DEP, BDNP, and MDDNP), good interrater reliability was achieved. In 
another 727 inpatients with psychotic and affective disorders, the PPV and sensitivity of common diagnoses in the narrow 
category (eg, SZ) or broad category (eg, psychotic disorders, bipolar disorders, and major depressive disorders) were 
high-performing (≥ 0.70), whereas those of the diagnoses of low prevalence were modest. Intriguingly, the validity 
indices of claims-based diagnoses using the ICD-10-CM tended to be better than those using the ICD-9-CM.

Despite the absence of “true negatives” in our sample, which limits the magnitude of the ICCR,37 our results are 
similar to those of previous studies on SZ and other psychotic disorders in Danish patients (a kappa of 0.60 between 
clinical and algorithm-derived diagnoses)40 and major depression (a kappa of 0.66 in a mixed sample of patients and 
nonpatients in the Netherlands).41 Although not directly comparable, the majority of previous studies included in 
a systematic review of agreement between the source data and reference standards for most diagnostic categories were 
found to have a median kappa of approximately 0.5 for the diagnoses of schizophrenia, schizophrenia spectrum disorders, 
depressive disorder, and bipolar disorder.12 Our use of REDCap-based checklists covering all selected diagnostic criteria 
might help decrease the variability in reaching a diagnosis among different psychiatrists, even from different hospitals.42

Since our selection of patients for validity assessment was based on random sampling with truncation for common 
diagnoses and enrichment for less common diagnoses, we were able to estimate both the PPV and sensitivity, which are 
important for future correction for biases incurring false-positive errors and false-negative errors.18,38,39 Among the 12 
narrow diagnostic categories, the PPVs of SZ, MDDNP, and substance-induced psychotic disorder met the high- 
performing criterion of 70%-80%. Moreover, the sensitivities of the diagnostic codes of SZ, MEP, DEP, and delusional 
disorder were also high. There were large discrepancies in performance for substance-induced psychosis (0.88 for PPV 
and 0.41 for sensitivity) and delusional disorder (0.68 for PPV and 0.93 for sensitivity), indicating that the coding by 
health specialists tended to incur false-negative errors for the former and false-positive errors for the latter. Nevertheless, 
when some narrow categories of diagnoses were combined into four broad categories (SZ/schizoaffective disorder, 
psychotic disorders, bipolar disorders, and major depressive disorders), all had high PPVs and sensitivities (≥ 79%). For 
comparison, previous validation studies on schizophrenia reported a high-performing PPVs, ranging from 91%21,22 to 
78%43 and 58.3%,20 and sensitivities, ranging from 71%22 to 82.4%.20 A previous validation study on bipolar disorder 
reported a high-performing PPV (72%) and sensitivity (84%).22 However, previous validation studies on depressive 
disorder reported relatively low PPVs, ranging from 54.4%44 to 70%,22 and sensitivities, ranging from 52.6%44 to 83%.22 

The relatively low validity indices for depressive disorder may reflect diagnostic complexity or the presence of 
psychiatric or medical comorbidities among inpatients, which can complicate accurate coding and clinical differentiation.

Furthermore, the validity indices for the diagnostic codes using the ICD-10-CM in 2017 tended to be slightly higher 
than those using the ICD-9-CM in 2015. A likely explanation is that the participating hospitals had requested that 
clinicians and supporting staff receive intensive training for the coding transition.45 Another explanation is that the ICD- 
10-CM codes require more specific details than the ICD-9-CM codes do. Our findings are important in deciphering the 
inconsistent prevalences of psychotic and affective disorders derived from these two coding systems.46

This study has several limitations. First, since our patients were selected from inpatients in one medical center and its 
branches, our findings might not be generalizable to patients in other settings, eg, patients in other types of hospitals. 
Moreover, individuals with different socioeconomic backgrounds may have differential access to these hospitals, which 
could introduce selection bias. Second, the review-based diagnoses were based solely on the discharge notes in the 
existing electronic medical record databases, and not the entire medical charts or diagnostic interviews. Third, the 
number of patients with a psychiatric diagnosis of low prevalence was not sufficient to make precise estimates of the 
validity indices. Fourth, this study did not incorporate selection weights since our focus was on diagnostic validity rather 
than estimating population-level parameters. Our stratified sampling with purposive oversampling of key diagnostic 
categories, though appropriate for evaluating diagnostic validity, limits the generalizability of our results to the full 
inpatient population. Lastly, because patients were selected based on claims-based diagnoses, potential “true cases” 
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without recorded diagnoses may have been missed, possibly leading to an overestimation of sensitivity. Future studies 
should consider diagnosis-independent sampling and weighted analyses to improve generalizability and accuracy.

Conclusion
To our knowledge, this is the first study to validate psychiatric diagnoses in Taiwan’s NHIRD using a structured chart 
review, providing an important foundation for future psychiatric epidemiological research in this population. We found 
that the validity of diagnostic codes for psychotic disorders and affective disorders varied with the breadth of the 
diagnostic categories in the NHIRD. For high-performing validity indices, the diagnostic codes of SZ or broad categories, 
such as psychotic disorders, bipolar disorders, and major depressive disorders, are recommended. Intensive training for 
the coding plus the specific details requested by the ICD-10 may increase the validity of the claims-based databases for 
psychotic and affective disorders.
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