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ABSTRACT
Objectives  This study was conducted to assess 
the validity of recording (and the original diagnostic 
practice) of type 2 diabetes mellitus at a hospital whose 
records were integrated to a centralised database (the 
standardised common data model (CDM) of the Saudi 
National Pharmacoepidemiologic Database (NPED)).
Design  A retrospective single-centre validation study.
Settings  Data of the study participants were extracted 
from the CDM of the NPED (only records of one tertiary 
care hospital were integrated at the time of the study) 
between 1 January 2013 and 1 July 2018.
Participants  A random sample of patients with type 2 
diabetes mellitus (≥18 years old and with a code of type 2 
diabetes mellitus) matched with a control group (patients 
without diabetes) based on age and sex.
Outcome measures  The standardised coding of type 
2 diabetes in the CDM was validated by comparing the 
presence of diabetes in the CDM versus the original 
electronic records at the hospital, the recording in 
paper-based medical records, and the physician re-
assessment of diabetes in the included cases and controls, 
respectively. Sensitivity, specificity, positive predictive 
value and negative predictive value were estimated for 
each pairwise comparison using RStudio V.1.4.1103.
Results  A total of 437 random sample of patients with 
type 2 diabetes mellitus was identified and matched with 
437 controls. Only 190 of 437 (43.0%) had paper-based 
medical records. All estimates were above 90% except 
for sensitivity and specificity of CDM versus paper-based 
records (54%; 95% CI 47% to 61% and 68%; 95% CI 62% 
to 73%, respectively).
Conclusions  This study provided an assessment to the 
extent of which only type 2 diabetes mellitus code can 
be used to identify patients with this disease at a Saudi 
centralised database. A future multi-centre study would 
help adding more emphasis to the study findings.

INTRODUCTION
Data collected electronically from the provi-
sion of routine clinical care (ie, real-world 
data (RWD)) have been used to generate 
evidence (real-world evidence (RWE)) on 
benefits, risks and the usage of pharmaceu-
ticals.1–10 In Saudi Arabia, the electronic 
recording of health data in hospital settings 

has increased at the major tertiary hospitals 
during the last decade.11–14 In 2018, the Saudi 
Food and Drug Authority established the 
National Pharmacoepidemiologic Database 
(NPED) to integrate and standardise elec-
tronic health records (EHRs) from different 
hospitals in Saudi Arabia.11 The NPED was 
initiated to maximise the usage of RWE in 
supporting drug regulatory decision-making 
processes.11 The NPED will also be used in 
determining disease natural histories and 
trends in Saudi Arabia.11 A standardisation was 
performed for the EHRs that were imported 
from the first hospital using the Observa-
tional Health Data Sciences and Informatics 
common data model (CDM).11 The standard-
isation process was followed by an initial data 
quality assessment (no alarming concerns 
were identified). However, this quality assess-
ment did not include assessing the validity of 
the recorded data.11 Additionally, and up to 
our knowledge, no study has been published 
to assess the validity of the health recording 
practice at any of the Saudi hospitals (espe-
cially those of disease diagnostic codes).

The validity of RWD is integral in 
conducting pharmacoepidemiological 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ We examined the validity of using only the code 
of type 2 diabetes mellitus in cohort and outcome 
identification versus three reference standards in 
the standardised electronic health records (EHRs) of 
a single hospital.

	⇒ We further examined the validity of two additional 
algorithms to identify type 2 diabetes in cohort and 
outcome identification in the original EHRs of the 
hospital.

	⇒ To our knowledge, our study was the first of its kind 
in the region.

	⇒ Our study was limited by including only one centre.
	⇒ Not including all type 2 diabetes mellitus-related di-
agnostic codes was another limitation.
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research studies.8 15 16 Conducting validation studies in the 
Saudi healthcare system would assist not only in improving 
the quality of the generated RWE but also in supporting 
stakeholders in implementing their quality improvement 
initiatives. Validating the diagnostic codes of diabetes 
(especially type 2 diabetes mellitus) is a priority given 
its high prevalence in Saudi Arabia (up to 25% of the 
Saudi population was estimated to have diabetes with an 
increased prevalence of 51% among the 70 to 79-year-old 
population), and given the lack of well-designed and 
large-scale pharmacoepidemiological studies in the Saudi 
population with diabetes.17–19 Studies have shown that the 
validity of recording diabetes mellitus in the context of 
RWD has been assessed in different health records using 
different types of data sources (eg, physician claims, 
hospital discharge data, EHRs), with different reference 
standards (mostly medical records, self-reported or tele-
phone surveys) and different case definitions (eg, using 
one diagnostic code or one claim for diabetes mellitus 
(and/or another indicator of diabetes mellitus such as 
high glucose levels), two or more codes/claims).20–24

This study was conducted to assess the validity of the 
original, the extracted and the standardised diagnostic 
codes of type 2 diabetes mellitus of the EHRs that were 
imported from the first hospital to the NPED. The validity 
of the original diagnosis of type 2 diabetes mellitus at that 
hospital was also assessed. Finally, the study was aimed 
to assess whether the diagnostic code of type 2 diabetes 
can be used to identify patients with type 2 diabetes (or 
diabetes as an outcome) in the standardised EHRs of that 
hospital.

METHODS
Study design, data source and patient population
This study was a retrospective single-centre validation 
study. The study was carried out using the EHRs that were 
imported and mapped from a 129-bed private tertiary 
care hospital in Riyadh (the imported EHRs included 
a record of at least 500 000 patients) to the NPED. A 
sample of patients with type 2 diabetes mellitus (one code 
of type 2 diabetes mellitus), who visited the hospital in 
the period between 1 January 2013 and 1 July 2018, was 
randomly selected from the standardised EHRs of the 
hospital (ie, CDM), then (using the standardised EHRs) a 
control group (patients without type 2 diabetes mellitus) 
was randomly matched based on age and sex (a control 
group was included for the estimation of specificities and 
negative predictive values). The included participants 
were required to be ≥18 years and have at least one health 
record.

Validation methods
The standardised diagnostic code of diabetes in the CDM 
was validated using a three-step validation approach. The 
first validation step was aimed to confirm the presence 
(in the included cases) and the absence (in the included 
controls) of type 2 diabetes in the sample that was 

extracted from the CDM by reviewing the patients’ orig-
inal EHRs at the hospital (the first reference). Diseases 
were coded during the study period at the hospital using 
the International Statistical Classification of Diseases 
and Related Health Problems 9th Revision (ICD-9) code 
(ICD-9 code of type 2 diabetes mellitus: 250.00). This vali-
dation step will help in assessing the accuracy of the CDM 
standardisation process at the NPED, the completeness of 
the EHR extraction process, and the validity of the orig-
inal coding ICD coding of type 2 diabetes mellitus at the 
hospital.

The second validation assessment was performed using 
a different reference: the patients’ paper-based medical 
records. This validation step also included a comparison 
between the original EHRs (the first reference) versus 
paper-based medical records (the second reference) as 
an additional step to validate the former reference. In 
the final validation step, which was also a step to validate 
the original diagnosis of type 2 diabetes mellitus at the 
hospital, all study patients (both cases and controls) were 
re-assessed for the presence of type 2 diabetes by one 
of the study physicians (the third reference) based on 
the hospital criteria which are adopted from the Amer-
ican Diabetes Association classification and diagnosis of 
diabetes (box 1).25 The physician was allowed to use all 
resources at the hospital that are necessary to complete 
the diagnosis. The code of patients with type 2 diabetes in 
the standardised CDM was compared with the third refer-
ence. The findings from the assessment of the third refer-
ence were also compared with those of the first (original 
EHRs) and the second (paper-based medical records) 
references as an additional validation step of the latter 
two references. An additional step to confirm the diag-
nosis of type 2 diabetes mellitus in the original EHRs was 
performed using two algorithms:

	► First algorithm: type 2 diabetes code+a prescription of 
an antidiabetic medication.

	► Second algorithm: type 2 diabetes code+a prescrip-
tion of an antidiabetic medication+a blood measure-
ment reflective of diabetes.

Box 1  Criteria for diagnosing type 2 diabetes mellitus

	⇒ FPG ≥126 mg/dL (7.0 mmol/L).*
	⇒ 2-h PG ≥200 mg/dL (11.1 mmol/L) during an OGTT.
	⇒ Haemoglobin A1c ≥6.5% (48 mmol/mol).
	⇒ Symptoms of hyperglycaemia or hyperglycaemic crisis (polyuria, 
polydipsia and unexplained weight loss), AND a random plasma glu-
cose ≥200 mg/dL (11.1 mmol/L).

	⇒ On therapy for diabetes mellitus (antidiabetic medications) and pre-
vious diagnosis of diabetes mellitus in medical records.

FPG, fasting olasma glucose; 2-h PG, 2-h plasma glucose; OGTT, oral glucose 
tolerance test.
*In the absence of unequivocal hyperglycaemia, these criteria should be 
confirmed by repeat testing on a different day.
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These algorithms were chosen based on clinical judge-
ment and based on other previously published algo-
rithms.20 21

The degree to which the results of the algorithm assess-
ments agree with the code-only analysis will also provide 
more information on whether only the code can be used 
to identify this population in both the CDM and EHRs. 
Sensitivity, specificity, the positive predictive value (PPV) 
and the negative predictive value (NPV) were the targeted 
parameters in this study. The values of these validation 
estimates might give an indication of the extent to which 
only the diagnostic code of type 2 diabetes mellitus can 
be used to identify type 2 diabetes mellitus as an outcome 
in the CDM.

Statistical analysis
The validation parameters were estimated for each pair-
wise comparison with their corresponding 95% CIs. To 
demonstrate a sensitivity of 85% and an expected width of 
95% CI of 10% (taking into account the 25% prevalence 
of type 2 diabetes mellitus in Saudi Arabia), a minimum 
sample size of 196 patients (98 cases and 98 controls) 
was needed.17 18 26 The minimum total sample sizes for 
validating the first and second algorithms in the original 

EHRs were 138 and 73, respectively. All statistical analyses 
were performed using RStudio V.1.4.1103.

Patient and public involvement
Patients and the public were not involved in the design, 
conduct or reporting/dissemination of this study.

RESULTS
Table 1 shows the number of patients who were included 
in each pairwise comparison. A total of 437 random 
patients with type 2 diabetes mellitus (427 (98.0%) were 
on antidiabetics and/or had haemoglobin A1c (HbA1c) 
measurement of >6.5%) were identified and matched 
with 437 controls. Almost one-third of the cases were 
identified before 2016 (141 of 437 (32.3%)). Of the 
totally matched pairs, only 190 (43.0%) had paper-based 
medical records. The median age of the included patients 
(both the cases and controls) was 56 years (IQR=21), 
and 522 of the included patients (60.0%) were men. 
Type 2 diabetes mellitus (among the cases) was diag-
nosed between 2007 and 2018. The majority of the cases 
(83.6%) had abnormal HbA1c levels at the time of (or 

Table 1  Validation estimates of the pairwise comparisons among all study patients

Comparisons

Validation estimates (%)

PPV (95% CI) Sn (95% CI) NPV (95% CI) Sp (95% CI)

CDM vs EHRs
(n=874)

1.00 (0.99 to 1.00) 0.93 (0.90 to 0.95) 0.92 (0.89 to 0.95) 1.00 (0.99 to 1.00)

CDM vs paper-based records 0.54 (0.47 to 0.61) 0.93 (0.86 to 0.97) 0.96 (0.92 to 0.98) 0.68 (0.62 to 0.73)

CDM vs re-diagnosis
(n=874)

1.00 (0.99 to 1.00) 0.93 (0.90 to 0.95) 0.92 (0.89 to 0.95) 1.00 (0.99 to 1.00)

EHRs vs re-diagnosis
(n=806*)

1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00)

EHRs vs paper-based records
(n=336*)

0.53 (0.45 to 0.61) 0.98 (0.92 to 1.00) 0.99 (0.96 to 1.00) 0.68 (0.62 to 0.74)

*Controls in the CDM that were identified as cases in EHRs were excluded from this analysis with their corresponding cases.
CDM, common data model; EHR, electronic health record; NPV, negative predictive value; PPV, positive predictive value; Sn, sensitivity; Sp, 
specificity.

Table 2  Validation estimates of the assessed algorithms

Comparisons

Validation estimates (%)

PPV (95% CI) Sn (95% CI) NPV (95% CI) Sp (95% CI)

EHRs vs re-diagnosis
(n=784)
Code and antidiabetic(s) (1st algorithm)

0.97 (0.95 to 0.98) 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00) 0.97 (0.95 to 0.98)

EHRs vs re-diagnosis
(n=598)
Code and antidiabetic(s) and HbA1c >6.5% 
(2nd algorithm)

1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00) 1.00 (0.98 to 1.00) 1.00 (0.98 to 1.00)

EHR, electronic health record; HbA1c, haemoglobin A1c; NPV, negative predictive value; PPV, positive predictive value; Sn, sensitivity; Sp, 
specificity.
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within 6 months) the index date (the date of diagnosing 
type 2 diabetes mellitus).

The estimates of validating the standardised code of 
type 2 diabetes mellitus in the CDM versus two references 
(EHRs and the re-diagnosis) were all above 90% (table 1). 
The validation estimates for EHRs versus re-diagnosis 
were also above 90%. The PPV and specificity for CDM 
versus paper-based documentation were 46% and 32% 
lower compared with those versus EHRs and re-diagnosis 
(table 1). Of 190 cases that were included in the valida-
tion assessment with the paper-based documentation as a 
reference, 87 (46%) did not have any records for type 2 
diabetes mellitus in their medical charts. Type 2 diabetes 
mellitus among these 87 was mostly diagnosed after 2013 
(the year of the large-scale usage of EHRs at the hospital), 
and only 8 patients were diagnosed with diabetes before 
2013. This may justify the absence of diabetes recording 
in their paper-based medical charts. The results of the 
validation assessment of the first and second algorithms 
in the EHRs were comparable with that of the type 2 
diabetes mellitus code-only analysis (table 2).

DISCUSSION
This study assessed an approach to the population of type 
2 diabetes mellitus using the disease-only code in stan-
dardised EHRs of a Saudi hospital. With the exception of 
the assessment versus paper-based records, all validation 
estimates of the standardised and the original codes of 
type 2 diabetes mellitus were above 90% (the estimates 
of the algorithms were almost comparable with these 
estimates). These findings might be supportive of using 
only the standardised diagnostic code to identify type 2 
diabetes mellitus as an outcome in these records.

In our assessment of the validity of the standardised 
code of type diabetes mellitus in the CDM, the minimum 
value of sensitivity (93% vs paper-based records) was 
higher than the average minimum value observed in 
the previous diabetes-case definition validation studies 
(26.9%).20 21 23–25 On the other hand, the minimum 
value of specificity (68%) was lower compared with 
the average minimum value observed in the published 
studies (88%).20–24 The minimum values of PPV and 
NPV were almost comparable with the average minimum 
values that were observed in the published studies (54% 
vs 54% and 92% vs 90.8%, respectively).20–24 Two of the 
references in our study (EHRs and re-diagnosis) were 
used as references in the previous diabetes-case valida-
tion studies.20–24 In 44.4% (8 of 18) of the published 
diabetes-case definition validation studies, the original 
EHRs were used as a reference (the other references 
were the physician re-diagnosis, self-reported or tele-
phone surveys, and a multisource approach).20–23 Type 2 
diabetes mellitus was confirmed in 100% of the cases in 
our study, which is almost comparable to the confirma-
tion results in a previous study in which the re-diagnosis 
was used as a reference.24 The value of validation esti-
mates in our study might be supportive of using only the 

diagnostic code to identify patients with type 2 diabetes 
mellitus as cohorts or to identify diabetes as an outcome 
in the standardised EHRs that were imported from the 
first hospital.

Our study was the first diabetes-case definition valida-
tion study (and the first validation study for a diagnostic 
code) in the region. Three reference standards were 
used in our study, and validity was assessed at different 
three levels (code extraction, code standardisation and 
the original diagnosis of diabetes) and was compared 
with those of algorithms. Our study has two limitations. 
First, the study was a single-centre study. The generalis-
ability may improve by conducting a multi-centre study 
that takes the variability of hospital coding systems into 
account. Second, ICD-9 was used to code type 2 diabetes 
mellitus at the hospital during the study period; however, 
the hospital (and other hospitals) started upgrading 
their coding system to ICD-10. Additionally, we did not 
include other type 2 diabetes-related ICD-9 codes (codes 
for uncontrolled diabetes and diabetic complications) in 
our assessment. Including the same hospital in a future 
single or multi-centre with an updated sample of ICD-10 
codes of type 2 diabetes mellitus and/or its complica-
tions would help in adding more emphasis to the study 
findings.

We assessed the validity of the (standardised) diag-
nostic code of type 2 diabetes mellitus at different 
recording levels and provided an indication to the extent 
to which this code can be used to identify this disease as 
an outcome. A future multi-centre study that includes an 
updated sample from the hospital with ICD-10 codes of 
type 2 diabetes mellitus and/or its complications would 
help in adding more emphasis to the study findings.
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