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Abstract 27 

Background: In Japan, a multiple-hospital observational database system, the Medical 28 

Information Database Network (MID-NET®), was launched for post-marketing drug 29 

safety assessments. These assessments will be based on datasets with missing laboratory 30 

results. The characteristics of missing data considering hospital differences have not 31 

been evaluated. We assessed the missing proportion and the association between 32 

missingness and a factor through case studies using a database system, a part of MID-33 

NET®. 34 

Methods: Seven scenarios using laboratory results before the prescription of the 35 

assessed drug as baseline covariates and data from 10 hospitals of Tokushukai Medical 36 
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Group were used. The missing proportion and the association between missingness and 37 

patient background were investigated per hospital. The associations were assessed using 38 

the log of adjusted odds ratio (log-aOR). Additionally, an ad hoc survey was conducted 39 

to explore other factors affecting the missingness. 40 

Results: For some laboratory tests, missing proportions varied among hospitals, such as 41 

7.4%–44.4% of alkaline phosphatase (ALP) and 8.1%–31.2% of triglyceride (TG) 42 

among statin users. The association between missingness and affecting factors also 43 

differed among hospitals for some factors; example, the log-aOR of hospitalization 44 

associated with missingness of TG was -0.41 (95% CI, -1.06 to 0.24) in hospital 3 and 45 

1.84 (95% CI, 1.34 to 2.34) in hospital 4. In the ad hoc survey focusing on ALP, 46 

hospital-dependent differences in the ordering system settings were observed. 47 

Conclusions: Hospital differences in missing data appeared in some laboratory tests in 48 

our multi-hospital observational database, which could be attributed to the affecting 49 

factors, including the patient background. 50 

 51 

Keywords: 52 

Drug safety, clinical laboratory test, database, missing data, observational study, 53 

pharmacoepidemiology 54 
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Background 55 

Observational databases, including health insurance claims and electronic medical 56 

records (EMRs), are crucial data sources for regulatory decision-making, providing 57 

clinical evidence on the usage and potential benefits or risks of a medical product.1-5 58 

Particularly, laboratory test results are useful sources of covariates or outcome measures 59 

in pharmacoepidemiological studies, including post-marketing drug safety 60 

assessments.6,7 61 

The appropriate use of these data is difficult because some data obtained during 62 

routine medical care may be missing in datasets for analysis.8,9 Missing covariate data is 63 

a critical issue for observational studies requiring confounding adjustments. Various 64 

methods have been proposed to overcome improper handling of missing data that can 65 

result in bias.8,10 The features of missing data (e.g., missing proportion and factors 66 

associated with missingness) and sources of missing data are crucial for choosing 67 

appropriate missing data methods.9,10 68 

Missing proportions and factors associated with missingness can differ across data 69 

partners in databases covering multiple sites or hospitals. The variability in missing data 70 

among data partners is a critical issue for applying the missing data method. For three 71 

sites contributing to the US Food and Drug Administration Mini-Sentinel Distributed 72 
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Database (MSDD), Raebel et al.9 reported that the missing proportion of baseline 73 

laboratory results and factors associated with missingness varied by site. Differential 74 

missingness across sites was attributed to multiple factors, such as the type of data 75 

partner (e.g., only with laboratory results of outpatients) and patient background. The 76 

authors recommended applying a missing data method in a site-specific manner. 77 

In Japan, the Medical Information Database Network (MID-NET®) was launched 78 

as a national project in April 2018 for post-marketing drug safety assessments.6,7,11 This 79 

multi-hospital observational database system comprises 23 mid‐sized and large 80 

hospitals from 10 collaborative organizations.12 Unlike those of the MSDD, all 81 

collaborative hospitals of the MID-NET® are the same type of data partners and have 82 

EMRs as data sources of laboratory results. Hospital differences in missing laboratory 83 

results may still exist because of hospital-dependent potential factors (e.g., laboratory 84 

test measurement policies) and patient-dependent factors. Although laboratory results 85 

covered by the MID-NET® project are quality-checked and standardized extensively,12 86 

the features of missing data considering hospital differences have not been thoroughly 87 

evaluated. 88 

We used data from 10 MID-NET®-collaborative hospitals and seven exposure-89 

outcome scenarios using laboratory results as baseline covariates to investigate the 90 
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characteristics of hospital differences in missing data as follows: (i) we investigated the 91 

frequency of laboratory result records and quantified the missing proportion; (ii) we 92 

assessed the association between the missingness and a factor affecting missingness; 93 

and (iii) we conducted an ad hoc survey to explore other factors affecting hospital 94 

differences in missing data. In some scenarios using laboratory results as outcome 95 

measures, we performed a supplementary investigation of the frequency of laboratory 96 

test records after the prescription date. 97 

 98 

Methods 99 

Target hospitals and database 100 

The MID-NET® is a distributed and closed network system in which each 101 

collaborative organization has a database system containing claims data, diagnosis 102 

procedure combination data, and EMRs.12 The collaborative organizations consist of 103 

seven individual and three group hospitals. Each group hospital database collectively 104 

stores data from their MID-NET®-contributing hospitals. The largest group hospital, 105 

Tokushukai Medical Group comprising 10 hospitals, was selected for investigating 106 

hospital differences with one database system. 107 
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The selected hospitals differ in size and serve as regional core hospitals with an 108 

emergency department. Hospital names are provided in Supplementary Table S1. We 109 

assigned hospital identification numbers 1–10 to ensure privacy in the results. EMRs in 110 

the database system for MID-NET®-collaborative organizations of Tokushukai Medical 111 

Group contain laboratory results, including those from the emergency department. The 112 

database does not capture hospital-specific data (e.g., laboratory test measurement 113 

policies and number of patients or beds). 114 

 115 

Definition of missing data 116 

The observational database has two basic sources of missing laboratory results: a 117 

laboratory test was not conducted, and a laboratory test was conducted but not 118 

recorded.8,9 Because the two sources were difficult to distinguish, we defined missing 119 

data as follows: “data that would be meaningful for analysis but not available during a 120 

specific period.” 121 

Missingness should be confirmed during a patient’s continuous consecutive 122 

observation. Therefore, we recreated the observation period for each patient by 123 

connecting hospital visits data. We then adopted five periods to confirm the missingness 124 

of laboratory results (the “target period”) as baseline covariates or outcome measures: 125 
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for baseline covariates, 1) 90 days before the first prescription date (including the date) 126 

or 2) 180 days before the first prescription date (including the date); for outcomes, 3) 127 

period from prescription date to observation period end, 4) period from 365 days after 128 

first prescription date, or 5) 84 days after the first prescription date. The first and second 129 

periods were adopted by referring to previous cohort studies using a laboratory test as 130 

baseline covariate13-15 and a previous study assessing missing data in the MSDD for 183 131 

days.9 The third and fourth periods were adopted for cases where all outcomes were 132 

included and for cases where the study interest was the only outcome after a certain 133 

period from the prescription date, respectively. The 365 days in the fourth period was 134 

created by referring to the mean follow-up period in a previous study of our scenario.16 135 

The last period was adopted for scenario 3, considering the follow-up period used in 136 

clinical trials (8 weeks) and different treatment intervals for each patient.17 137 

 138 

Frequency of laboratory result records and missing proportion 139 

Frequencies of records in patients with laboratory result records of interest during 140 

a target period in each scenario were considered to assess the missing proportions. For a 141 

laboratory result used as baseline covariate, we counted the number of records per target 142 

period for each patient. Multiple records from the same day were outside the study 143 
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objective and counted as one record. We then calculated the percentage of patients for 144 

each number of records in the overall cohort. The percentage of patients without a 145 

record, namely missing proportion, was also calculated for each hospital cohort. 146 

For a laboratory result used as an outcome measure, we counted the number of 147 

records per target period and calculated the percentage in the overall cohort. In the 148 

analysis using the third target period, we calculated quartiles, along with the maximum 149 

and minimum values of the period, because of patient-dependent target period 150 

variations. 151 

 152 

Association between missingness and a potential factor 153 

We assessed hospital differences in the association between the missingness of 154 

laboratory result records before the prescription date and a potential factor affecting the 155 

missingness by fitting a logistic regression model in each hospital cohort of an 156 

individual scenario. Potential factors included sex, age, year of cohort entry, 157 

hospitalization, complications, concomitant medication, and class number of 158 

concomitant medications (Table 1). Complications or concomitant medications not 159 

observed in each hospital cohort were excluded from the covariates of hospital-specific 160 

logistic regression models. Each factor’s association was evaluated by the log of 161 
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adjusted odds ratio (log-aOR) and 95% confidence interval (95% CI). In the model for 162 

scenario l (𝑙 = 1, ⋯ , 𝐿), we used the following notation: 𝑌𝑖𝑗𝑙 , a missing data indicator 163 

(1 when missing or 0 otherwise); 𝑋𝑖𝑗𝑙 , covariates; i, individuals of each hospital; j, 164 

number of laboratory tests; and 𝐾𝑙, number of covariates of each hospital. We fitted 165 

logistic models as 166 

logit(𝑃𝑟(𝑌𝑖𝑗𝑙 = 1|𝑿𝑖𝑗𝑙)) = α + 𝑿𝑖𝑗𝑙 ′𝜷ｊ𝑙, 167 

where  𝑿𝑖𝑗𝑙 = (𝑋𝑖𝑗1𝑙 , … . , 𝑋𝑖𝑗𝐾𝑙𝑙)′. 168 

 169 

Scenarios 170 

Seven cohort study scenarios using laboratory results as baseline covariates were 171 

created (Supplementary Figure S1). Scenarios 1–5 were original scenarios; scenarios 6 172 

and 7 were incorporated to compare our results with those of Raebel et al.9 Scenario 173 

setting details are provided in Table 1. The backgrounds of the original scenarios 1–5 174 

were as follows. 175 

 176 

Scenario 1: Risk of diabetes associated with antipsychotic drug use 177 

Glucose metabolism disorder is considered a risk of second-generation 178 

antipsychotics (SGAs).18,19 We created a scenario with a cohort with new antipsychotic 179 
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users to compare the diabetes risk of SGAs with that of first-generation antipsychotics 180 

(FGAs), considering blood glucose level and HbA1c as baseline covariates and outcome 181 

measures. Depending on the study’s interests, the target population may have been 182 

formed of patients without diabetes based on the baseline laboratory results. Thus, we 183 

also created a sub-cohort that only included patients confirmed to be diabetes-free using 184 

baseline blood glucose or HbA1c (National Glycohemoglobin Standardization Program; 185 

NGSP) as follows: excluding patients with blood glucose of 200 mg/dL or 186 

HbA1c(NGSP) of 6.5%, or without a record of blood glucose and HbA1c. 187 

 188 

Scenario 2: Risk of hepatic injury associated with statin use 189 

Hepatic injury is considered as a risk common to all statins and mentioned in 190 

package inserts as a severe adverse effect. The attention level differs among statins 191 

(atorvastatin and rosuvastatin are contraindicated for patients with decreased liver 192 

function). Observational studies demonstrated that the hepatic injury risk of atorvastatin 193 

use, particularly that of high-dose use, is higher than that of other statins,16 and only a 194 

few studies indicated a similar risk in rosuvastatin and atorvastatin users.20 We then 195 

created a scenario comparing the hepatic injury risk of atorvastatin with that of other 196 

statins, including rosuvastatin, considering low-density lipoprotein cholesterol (LDL-197 
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chol), triglyceride (TG), alanine aminotransferase (ALT), aspartate transaminase (AST), 198 

and alkaline phosphatase (ALP) as baseline covariates, and ALT, AST, and ALP as 199 

outcome measures. 200 

 201 

Scenario 3: Effect of uric acid synthesis inhibitor use on uric acid level 202 

The uric acid-lowering effect of febuxostat was non-inferior to that of allopurinol in 203 

a Japanese phase III clinical trial.17 Because patients with renal impairments were 204 

excluded from the trial’s target population, the effect on an overall population is 205 

unclear. We created a scenario comparing the uric acid-lowering effect of febuxostat 206 

with that of allopurinol, considering serum uric acid and serum creatinine as baseline 207 

covariates, and serum uric acid as outcome measure. 208 

 209 

Scenario 4: Risk of hyponatremia associated with proton pump inhibitor use 210 

Hyponatremia, a risk of lansoprazole use, is listed as a serious adverse effect in the 211 

lansoprazole package insert in Japan, but not in those of other proton pump inhibitors 212 

(PPIs). A case–control study indicated that other PPIs are associated with an increased 213 

hyponatremia risk.21 We created a scenario comparing the hyponatremia risk of 214 
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lansoprazole with that of other PPIs using serum sodium and serum creatinine as 215 

baseline covariates, and serum sodium as outcome measures. 216 

 217 

Scenario 5: Risk of acute pancreatitis associated with oral antidiabetic drug use 218 

Acute pancreatitis is considered as a risk of dipeptidyl peptidase-4 inhibitor (DPP-219 

4I) use and listed in the DPP-4I package insert as a severe adverse effect in Japan. Some 220 

observational studies demonstrated that the acute pancreatitis risk associated with DPP-221 

4Is may not be higher than that associated with other oral antidiabetic agents.22-24 We 222 

created a scenario comparing the acute pancreatitis risk of DPP-4I with that of other oral 223 

antidiabetic agents, including biguanide, sulfonylurea, or α-glucosidase inhibitor, using 224 

blood glucose level, HbA1c, and serum amylase as baseline covariates. 225 

 226 

Protocol approval and statistical analysis 227 

Our study protocol was approved by the Kyoto University Graduate School and 228 

Faculty of Medicine Kyoto University Hospital Ethics Committee in November 2018 229 

(R1793). Statistical analyses were performed using SAS version 9.4 (SAS Institute, 230 

Cary, NC, USA). 231 

 232 
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Results 233 

Study cohorts 234 

The overall cohorts were identified as follows: scenario 1: 3430 new antipsychotics 235 

users; scenario 2: 6195 new statin users; scenario 3: 3481 new users of uric acid 236 

synthesis inhibitors; scenario 4: 10,372 new PPI users; scenario 5: 2994 new users of 237 

oral antidiabetics; scenario 6: 965 new users of combinations of antimicrobials with 238 

warfarin; and scenario 7: 1007 new SGA users (Supplementary Figures S1–8). Patient 239 

characteristics and their numbers in each hospital cohort are provided in Supplementary 240 

Tables S2–S6. The background of some patients differed among hospitals. 241 

 242 

Frequency of laboratory result records and missing proportion 243 

In the overall cohort, the frequency of laboratory result records within 90 days 244 

before prescription differed among laboratory tests except for ALT and AST (Figure 1). 245 

In most laboratory tests, patients with one record were the most frequent, although some 246 

had multiple records. In scenario 1, the percentage of patients with multiple records was 247 

higher for blood glucose than for HbA1c. The missing proportions (shaded bars, Figure 248 

1) were <30%, except for HbA1c and serum amylase in scenarios 1 and 5; example, 249 

29.2% of ALP in scenario 2, 22.4% of serum creatinine in scenario 4, 13.8% of blood 250 



15 

 

glucose in scenario 7, 12.8% of blood glucose in scenario 1, 9.7% of international 251 

normalized ratio (INR) in scenario 6, and 4.0% of blood glucose in scenario 5. 252 

Extending the target period to 180 days did not substantially change these missing 253 

proportions (Supplementary Figure S9). 254 

In each hospital cohort, missing proportions within 90 days before prescription 255 

differed among hospitals for some laboratory tests; example, 5.2%–41.3% of blood 256 

glucose in scenario 1, 7.4%–44.4% of ALP in scenario 2, 8.1%–31.2% of TG in 257 

scenario 2, 4.7%–21.9% of INR in scenario 6, 1.4%–39.1% of blood glucose in scenario 258 

7 (Figure 4). In scenario 1, the blood glucose missing proportion was higher in hospital 259 

10 than in the other hospitals. In scenario 2, the missing proportion variations of 260 

ALT/AST and ALP differed among hospitals. Specifically, hospital 3 showed a large 261 

difference among these tests, whereas hospital 6 did not. Similar to the overall cohort 262 

results, extending the target period to 180 days did not substantially change the hospital 263 

differences (Supplementary Figure S12). 264 

The frequency of laboratory result records after prescription differed from that 265 

before the prescription (Figure 2), for example, the percentage of patients with only one 266 

record decreased, and the missing proportion slightly increased (shaded bars, Figure 2). 267 

Limiting the target period to 365 days improved the missing proportion (Supplementary 268 
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Figure S10) despite a decrease in patient numbers: scenario 1: 881 patients; scenario 2: 269 

2901 patients; and scenario 4: 2333 patients. In scenario 3, the missing proportion was 270 

33.2% within 84 days after prescription (shaded bars, Figure 3). In scenario 1, the blood 271 

glucose missing proportion among the sub-cohort was 19.9%, which was 3.1% lower 272 

than that among the cohort (Supplementary Figure S11). 273 

 274 

Association between missingness and a potential factor 275 

Scenarios 6 and 7 were excluded from analysis because of the low patient numbers 276 

in the hospital cohorts. The degree of association between missingness and a factor 277 

differed among hospitals for some factors (Figure 5). For example, in scenario 2, the 278 

log-aOR of associating hospitalization with missingness of TG was <0 in hospital 3 279 

(log-aOR, -0.41 [95% CI, -1.06 to 0.24]) but >0 in hospital 4 (log-aOR, 1.84 [95% CI, 280 

1.34 to 2.34]). 281 

Because hospital differences in the missing proportions within 180 days before 282 

prescription did not substantially vary from that within 90 days, this analysis was 283 

limited to the latter target period. 284 

 285 
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Ad hoc survey 286 

The missing proportion of ALT/AST and ALP suggested an influence from 287 

hospital-dependent mechanical factors. The missing proportions may vary among these 288 

liver function tests because they measure different parameters. However, the degree of 289 

variation differed widely between hospitals 3 and 6. 290 

Laboratory tests are ordered individually or in a group. Grouping can differ for 291 

each hospital because it can be customized. We assumed the effect of groupings on a 292 

chance of performing laboratory tests, namely missingness, and assessed the inclusion 293 

of ALT, AST, and ALP in groupings in hospitals 3 and 6 by confirming some 294 

groupings. We could not perform quantitative assessment and instead used the 295 

electronic laboratory ordering system because our database did not contain grouping 296 

data. We identified differences in some grouping settings; specifically, ALP was often 297 

grouped along with ALT or AST in hospital 6 but not in hospital 3. 298 

 299 

Discussion 300 

We evaluated seven scenarios in a multi-hospital observational database system, a 301 

part of the MID-NET®, to investigate hospital differences in missing laboratory results 302 
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for baseline covariates. In addition to these differences, we examined factors affecting 303 

the frequency of laboratory result records and missing data sources. 304 

Variations in purpose for performing laboratory tests might have caused 305 

differences in the frequency of laboratory result records among laboratory tests or 306 

scenarios. In routine medical care, laboratory tests are performed to diagnose diseases 307 

and assess or monitor physiological functions.25 For example, assessing and monitoring 308 

physiological functions could have contributed to regular laboratory testing and 309 

multiple records, such as serum creatinine in scenario 4. Variations in test intervals 310 

allowed by the health insurance in Japan (e.g., blood glucose, maximum of 60 per 311 

month for type 2 diabetes, and HbA1c, once per month) may have also affected the 312 

frequency. The period for confirming the missingness should be created considering 313 

these factors and the study objective. 314 

Several factors contributed to missing laboratory results in our database. Few 315 

studies have systematically referred to missing data sources, except the MSDD-based 316 

study by Raebel et al.9 Here, the missing data sources included type of data partner, 317 

patient location where tests were conducted (e.g., emergency department), collectability 318 

from outside of contracted laboratories, and patient backgrounds. Our database had 319 

some common and different sources compared to this previous study. Patient 320 
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backgrounds were considered to affect the missing data in our database, similar to 321 

observations in the previous study. However, the contribution of the other three factors 322 

to the missing data may be limited, although this was not quantitatively assessed. All 10 323 

hospitals in our study are the same type of data partner and had EMR-based laboratory 324 

results, including those of the emergency department. Laboratory tests assessed were 325 

mainly performed in the hospital and not outsourced. A new potential source was the 326 

grouping of laboratory tests. Other remaining potential factors included the policy for 327 

performing laboratory tests, which was considered at the planning stage but not assessed 328 

because of a lack of data. 329 

Our database had hospital differences in the missing proportion and association 330 

between the missingness and a factor affecting missingness. As described above, there 331 

were few missing data sources in our database. Patient backgrounds were a substantial 332 

source, and the grouping of laboratory tests to order remains a potential source. In some 333 

patient backgrounds, the association with the missingness differed among hospitals. 334 

Additionally, hospital differences in missing blood glucose in scenario 1 were 335 

diminished by limiting the study subjects to patients over 21 years of age in the 336 

additional analysis (Supplementary Figure S13). In the ad hoc survey focusing on ALP 337 

with substantial hospital differences in missing proportion, hospital-dependent 338 
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differences in the setting of some groupings of laboratory tests were observed. In our 339 

database, hospital-dependent potential missing data sources exist, but the corresponding 340 

data are not available for analysis. Therefore, missing data methods should consider the 341 

effect of the hospital (i.e., such as using a hospital-specific approach). 342 

Variations in the type of missing data sources among databases accounted for the 343 

difference in the missing proportion. In scenarios 6 and 7, differences among hospitals 344 

were lower than those among sites in a previous study9 (INR from scenario 6: 2.8%–345 

21.9% vs. approximately 8.0%–80.0%; blood glucose from scenario 7: 1.4%–30.6% vs. 346 

41.1%–72.3%). Although study population differences caused these variations, 347 

differences in missing data sources among databases may also contribute. 348 

This study had several strengths. First, we investigated the characteristics of 349 

hospital differences in missing laboratory results using a part of the MID-NET®. As 350 

these characteristics also exist in the entire MID-NET®, our findings will provide 351 

guidance for using MID-NET®, which is a national project. Second, we observed 352 

hospital differences in the missing data and discussed the missing data source affecting 353 

these differences: patient background and grouping of laboratory tests to order. Finally, 354 

we observed various missing proportions by including multiple laboratory tests. The 355 
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variety contributed to characterizing the hospital differences in missing data, although 356 

the laboratory tests used were limited. 357 

Nonetheless, there were some limitations. First, laboratory tests not covered by our 358 

study may have other missing data characteristics. Second our results may not be 359 

generalizable to the entire MID-NET®. There were differences among the 10 360 

Tokushukai Medical Group hospitals that exist in the entire MID-NET®. However, a 361 

non-difference observed among the 10 hospitals does not assure it is a non-difference in 362 

the entire MID-NET®. Other hospitals may have different factors affecting the missing 363 

proportion or their hospital differences. For example, the 10 Tokushukai Medical Group 364 

hospitals are mainly general hospitals, whereas the other hospitals are mostly 365 

specialized hospitals. As the latter provides medical care to patients referred from other 366 

hospitals and clinics, referral rates may be a factor. 367 

 368 

Conclusions 369 

We concluded that hospital differences in the missing data appeared in some 370 

laboratory tests in a multiple-hospital observational database system contributing to the 371 

MID-NET® because of factors such as patient background, although all hospitals are the 372 

same type of data partner. Importantly, these differences were found in the entire MID-373 
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NET®. Since data of hospital-dependent factors affecting missingness are not available 374 

in MID-NET®, missing data methods should be applied while considering the effect of 375 

each hospital (e.g., use a hospital-specific approach). Further studies should investigate 376 

the influence of these hospital differences on outcome parameter estimations. 377 
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Table 1. Description of study scenarios. 

# Scenario question Study cohort  Laboratory test of 

interest 

Factors used for assessing the association with missingness 

1 Whether SGA users 

have a higher risk of 

diabetes than FGA 

users? 

Inclusion criteria: 

 Patients initiated with any SGA or FGA during the study 

period (1 January 2015 to 31 December 2017). 

 New users of monotherapy for SGA or FGA: Patients with no 

prescription of the drugs for >180 days before the first 

prescription of SGA or FGA. 

Exclusion criteria: 

 Patients with a diagnosis of dementia (ICD10: F01, F03, G30, 

G310, etc.) within the 180 days before the first prescription of 

any SGA or FGA. 

 Patients with a diagnosis of diabetes (ICD10: E10, E11, E12, 

E13, E14, O24) within 180 days before the first prescription 

of any SGA or FGA. 

 

Sub-cohort exclusion criteria: 

 Patients with the following criteria within the 90 days before 

the first prescription date: blood glucose was 200 mg/dL or 

HbA1c(NGSP) was 6.5%. 

 Blood glucose or HbA1c was not recorded within the 90 days 

before the first prescription date. 

Baseline covariate: 

 Blood glucose, HbA1c 

Outcome: 

 Blood glucose, HbA1c 

 

Note: 

 We both count HbA1c 

(JDS) and HbA1c 

(NGSP) since HbA1c 

(JDS) can convert to 

HbA1c (NGSP) 

 

Sex, age, year of cohort entry, hospitalization, first visit, 

emergency care (at the date of the first prescription), class 

number of concomitant medications, complications, concomitant 

medication (180 days before the date of the first prescription of 

any antidiabetic drug) 

 

・ Complications: 

Hepatitis, liver cirrhosis, chronic pancreatitis, hypertension, 

hyperlipidemia, hyperthyroidism, Cushing’s syndrome, 

primary aldosteronism, pancreatic cancer, liver cancer, 

pheochromocytoma, hemochromatosis, schizophrenia, mood 

disorder, neurotic disorder, cancer other than liver and 

pancreatic 

・ Concomitant medication: 

Beta-blockers, thiazide diuretics, antidepressants, 

corticosteroids, interferon prepared, high-calorie transfusion 

agents, immunosuppressants 

2 Whether users of 

other statins have a 

different risk of 

hepatic injury than 

atorvastatin users? 

Inclusion criteria: 

 Patients initiated with any statin (rosuvastatin, pitavastatin, 

pravastatin, simvastatin, fluvastatin, or atorvastatin) during the 

study period (1 January 2015 to 31 December 2017). 

 New users of monotherapy for statin as in scenario 1. 

 

Baseline covariate: 

 ALT, AST, ALP, 

Bilirubin 

 LDL-chol, TG 

Outcome: 

 ALT, AST, ALP 

Sex, age, year of cohort entry, hospitalization, first visit, 

emergency care (at the date of the first prescription), class 

number of concomitant medication, complications, concomitant 

medication (180 days before the date of the first prescription of 

any antidiabetic drug) 
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Exclusion criteria: 

 Patients with a diagnosis of hepatic injury. (ICD10: B18, K70-

K76, K770, K778) within 180 days before the first 

prescription of any statin. 

 

 

・ Complications: 

Chronic kidney disease, heart failure, acute myocardial 

infarction, hypertension, cerebrovascular diseases, diabetes 

mellitus, peripheral vascular disease 

・ Concomitant medication: 

Antiepileptic drugs, fibrates, ezetimibe, anti-gout 

preparations, antithyroid agent, NSAIDs, antifungal drugs, 

anti-tuberculosis agents, therapeutic agents for chronic 

hepatitis B or C 

3 Does the uric acid-

lowering effect 

differs between 

febuxostat and 

allopurinol in a 

population, 

including patients 

with renal 

dysfunction? 

Inclusion criteria: 

 Patients initiated with uric acid synthesis inhibitor (febuxostat 

or allopurinol) during the study period 

(1 January 2015 to 31 December 2017). 

 New users of monotherapy for uric acid synthesis inhibitor as 

in scenario 1. 

Exclusion criteria: 

Patients with a period from prescription to end of 

observational period fewer than 84 days. 

Baseline covariate: 

 Serum uric acid 

 Serum creatinine 

Outcome: 

 Serum uric acid 

 

Sex, age, year of cohort entry, hospitalization, first visit, 

emergency care (at the date of the first prescription), class 

number of concomitant medications, complications, concomitant 

medication (180 days before the date of the first prescription of 

any antidiabetic drug) 

 

・ Complications: 

Leukemia, heart failure, acute myocardial infarction, 

hypertension, cerebrovascular diseases, hyperlipidemia, 

diabetes mellitus, renal failure, other liver diseases, malignant 

tumors 

・ Concomitant medication: 

Other anti-gout preparations, NSAIDs, ARB, ACE inhibitors, 

beta-blockers, calcium channel blockers, diuretics, new 

quinolone antibiotic, aminoglycoside antibiotic 

4 Whether 

lansoprazole users 

have a higher risk of 

hyponatremia than 

users of other PPIs? 

Inclusion criteria: 

 Patients initiated with any PPI (lansoprazole, omeprazole, 

rabeprazole, esomeprazole, or vonoprazan) during the study 

period (1 January 2016 to 31 December 2017). 

Baseline covariate: 

 Serum sodium 

 Serum creatinine 

Outcome: 

 Serum sodium 

Sex, age, year of cohort entry, hospitalization, first visit, 

emergency care (at the date of the first prescription), class 

number of prescriptions of concomitant medication, 

complications, concomitant medication (180 days before the 

date of the first prescription of any antidiabetic drug) 

・ Complications: 



33 

 

 New users of monotherapy for PPI: Patients with no 

prescription of the drugs for >180 days before the first 

prescription of PPI. 

Exclusion criteria: 

 Patients with a diagnosis of hyponatremia (diseases that 

contain “sodium” in ICD10: E871) within the 180 days before 

the first prescription of any PPI. 

 

renal failure, liver cirrhosis, pancreatitis, heart failure, 

inflammatory bowel disease, adrenal insufficiency, 

hypothyroidism, helicobacter pylori infection 

・ Concomitant medication: 

antiepileptic drugs, ARB, ACE inhibitors, diuretics, 

antidepressants, antipsychotics, corticosteroids, NSAIDs, anti-

gout preparations, beta-blockers, calcium antagonist, 

aminoglycoside antibiotics, new quinolone antibiotic 

5 Whether DPP-4I 

users have a higher 

risk of acute 

pancreatitis than 

users of other oral 

antidiabetic agents? 

Inclusion criteria: 

 Patients initiated with oral antidiabetic agents (DPP-4I, BG, 

SU, or α-GI) during the study period (1 January 2015 to 31 

December 2017). 

 New users of monotherapy for oral antidiabetic agents, as in 

scenario 1. 

Exclusion criteria: 

 Patients with a diagnosis of acute pancreatitis (ICD10: K850, 

K851, K853, K858, K859) within the 180 days before the 

first prescription of any other oral antidiabetic agent. 

 

Baseline covariate: 

 Blood glucose 

 HbA1c 

 Serum amylase 

 

Note: 

 We both count HbA1c 

(JDS) and HbA1c 

(NGSP) since HbA1c 

(JDS) can convert to 

HbA1c (NGSP) 

Sex, age, year of cohort entry, hospitalization, first visit, 

emergency care (at the date of the first prescription), class 

number of concomitant medications, complications, concomitant 

medication, examination/operation (180 days before the date of 

the first prescription of any antidiabetic drug) 

 

・ Complications: 

Alcoholic pancreatitis, inflammatory bowel disease, peptic 

ulcer disease, gallstone disease, acute appendicitis, 

diverticulitis, pancreatic cancer, cholangiocarcinoma, 

duodenal cancer, alcoholic pancreatitis, chronic kidney 

disease, hepatitis, liver cirrhosis, fatty liver, alcoholic liver 

disease, heart failure, acute myocardial infarction, 

hypertension, cerebrovascular diseases, hyperlipidemia, 

peripheral vascular disease, diabetic complication 

・ Concomitant medication: 

 Antiepileptic drugs, ARB, ACE inhibitors, diuretics, 

antiarrhythmics class I and III, thiazolidinediones, glinides, 

SGLT2 inhibitors, insulin, GLP-1 receptor agonists, 

corticosteroids, estrogen, NSAIDs, codeine, PPIs, H2 

antagonists, 5-aminosalicylic acid agents 



34 

 

6 Does the 

combination of users 

of interacting 

antimicrobials and 

warfarin have a 

higher risk of 

bleeding than users 

of non-interacting 

antimicrobials and 

warfarin? 

Inclusion criteria: 

 Patients initiated with antimicrobials with (interacting 

antimicrobials) or without bleeding risk (non-interacting 

antimicrobials) during the study period (1 January 2015 to 31 

December 2017). 

 New users of monotherapy for antimicrobials as in scenario 1. 

Exclusion criteria: 

 Patients prescribed warfarin less than twice before the first 

prescription of any antimicrobials 

 Patients aged less than 21 at the first prescription of any 

antimicrobials 

 

Note: 

 The settings were created referring to the previous study.9  

Baseline covariate: 

 INR 

 

Non-conducted 

7 Whether users of 

olanzapine, 

quetiapine, or 

risperidone have a 

higher risk of 

diabetes than 

aripiprazole users? 

Inclusion criteria: 

 Patients initiated with any SGA (olanzapine, quetiapine, 

risperidone, or aripiprazole) during the study period (1 

January 2015 to 31 December 2017). 

 New users of monotherapy for SGA. 

Exclusion criteria: 

 Patients with a diagnosis of diabetes (ICD10: E10, E11, E12, 

E13, E14, O24) before the first prescription of any SGA. 

 Patients with a diagnosis of polycystic ovary syndrome 

(ICD10: E282) before the first prescription of any SGA. 

 Patients aged less than 21 at the first prescription of any 

antimicrobials 

 

Note: 

 The setting was created referring to a previous study.9 

Baseline covariate: 

 Blood glucose 

Non-conducted 
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Abbreviations: PPI, proton pump inhibitor; ICD, international classification of diseases; ARB, angiotensin II receptor blocker; ACE, 

angiotensin-converting-enzyme; NSAID, nonsteroidal anti-inflammatory drug; SGA, second-generation antipsychotic; FGA, first-

generation antipsychotic; HbA1c, hemoglobin A1c; JDS; Japan diabetes society, NGSP, national glycohemoglobin standardization 

program; ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; LDL-chol, low-density lipoprotein 

cholesterol; TG, triglyceride; DPP-4I, dipeptidyl peptidase-4 inhibitor; BG, biguanide; SU, sulfonylurea; α-GI, α-glucosidase inhibitor; 

INR, international normalized ratio. 

 

Location in the text file: If possible, Table 1 should be placed between the subsections “Scenarios” and “Protocol approval and statistical 

analysis.”
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Figures legends 

Figure 1. Frequency of laboratory results recorded within 90 days before prescription in 

overall cohort. 

The assessment includes scenarios 1–7. The vertical axis shows the percentage of 

patients at each number of records in the overall cohort. The missing proportions 

(shaded bars) differed among laboratory tests or scenarios but the differences were 

mostly less than 30%.  

Abbreviations: HbA1c, hemoglobin A1c; LDL-chol, low-density lipoprotein 

cholesterol; TG, triglyceride; ALT, alanine transaminase; AST, aspartate 

aminotransferase; ALP, alkaline phosphatase; INR, international normalized ratio. 

 

Figure 2. Frequency of laboratory results recorded from prescription to end of 

observation period in overall cohort.  

The assessment includes scenarios 1, 2, and 4. (a) shows the frequency, in which the 

vertical axis shows the percentage of patients at each number of records in the overall 

cohort. (b) is box plot of the target period. The missing proportions after prescription 

(shaded bars) differed from that before prescription.  

Abbreviations: HbA1c, hemoglobin A1c; ALT, alanine transaminase; AST, aspartate 

aminotransferase; ALP, alkaline phosphatase. 
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Figure 3. Frequency of laboratory results recorded within 84 days after prescription in 

overall cohort. 

The assessment was for scenarios 3. The vertical axis shows the percentage of patients 

at each number of records in the overall cohort. The missing proportion within 84 days 

after prescription was approximately 30% of patients. 

 

Figure 4. Missing proportion within 90 days before prescription in each hospital. 

The assessment includes scenarios 1–7. The vertical axis shows the missing proportion 

in each hospital cohort. There were some laboratory tests with hospital differences in 

the missing proportions.  

Abbreviations: HbA1c, hemoglobin A1c; LDL-chol, low-density lipoprotein 

cholesterol; TG, triglyceride; ALT, alanine transaminase; AST, aspartate 

aminotransferase; ALP, alkaline phosphatase; INR, international normalized ratio. 

 

Figure 5. The varying association between missingness and affecting factors among 

hospitals. The assessment includes scenarios 1–5. The presented results are examples of 

the factors that have been suggested to affect hospital differences in association with 

missingness.  
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Abbreviations: OR; odd ratio, HbA1c, hemoglobin A1c; LDL-chol, low-density 

lipoprotein cholesterol; TG, triglyceride; ALT, alanine transaminase; ALP, alkaline 

phosphatase; AMI, acute myocardial infarction; HF, heart failure; UA, uric acid; 

NSAIDs, non-steroidal anti-inflammatory drugs.
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Figures

Figure 1

Frequency of laboratory results recorded within 90 days before prescription in overall cohort. The
assessment includes scenarios 1–7. The vertical axis shows the percentage of patients at each number
of records in the overall cohort. The missing proportions (shaded bars) differed among laboratory tests or
scenarios but the differences were mostly less than 30%. Abbreviations: HbA1c, hemoglobin A1c; LDL-
chol, low-density lipoprotein cholesterol; TG, triglyceride; ALT, alanine transaminase; AST, aspartate
aminotransferase; ALP, alkaline phosphatase; INR, international normalized ratio.



Figure 2

Frequency of laboratory results recorded from prescription to end of observation period in overall cohort.
The assessment includes scenarios 1, 2, and 4. (a) shows the frequency, in which the vertical axis shows
the percentage of patients at each number of records in the overall cohort. (b) is box plot of the target
period. The missing proportions after prescription (shaded bars) differed from that before prescription.



Abbreviations: HbA1c, hemoglobin A1c; ALT, alanine transaminase; AST, aspartate aminotransferase; ALP,
alkaline phosphatase.

Figure 3

Frequency of laboratory results recorded within 84 days after prescription in overall cohort. The
assessment was for scenarios 3. The vertical axis shows the percentage of patients at each number of
records in the overall cohort. The missing proportion within 84 days after prescription was approximately
30% of patients.



Figure 4

Missing proportion within 90 days before prescription in each hospital. The assessment includes
scenarios 1–7. The vertical axis shows the missing proportion in each hospital cohort. There were some
laboratory tests with hospital differences in the missing proportions. Abbreviations: HbA1c, hemoglobin
A1c; LDL-chol, low-density lipoprotein cholesterol; TG, triglyceride; ALT, alanine transaminase; AST,
aspartate aminotransferase; ALP, alkaline phosphatase; INR, international normalized ratio.



Figure 5

The varying association between missingness and affecting factors among hospitals. The assessment
includes scenarios 1–5. The presented results are examples of the factors that have been suggested to
affect hospital differences in association with missingness. Abbreviations: OR; odd ratio, HbA1c,
hemoglobin A1c; LDL-chol, low-density lipoprotein cholesterol; TG, triglyceride; ALT, alanine transaminase;
ALP, alkaline phosphatase; AMI, acute myocardial infarction; HF, heart failure; UA, uric acid; NSAIDs, non-
steroidal anti-in�ammatory drugs.
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