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ABSTRACT

Background. Correct identification of diabetic kidney disease (DKD) in type 2 diabetes mellitus (T2DM) patients is crucial
to implement therapeutic interventions that may prevent disease progression.
Methods. We compared the real prevalence of DKD in T2DM patients according to actual serum and urine laboratory
data with the presence of the diagnostic terms DKD and/or CKD on the electronic medical records (EMRs) using a natural
language processing tool (SAVANA Manager). All patients ˃18 years of age and diagnosed with T2DM were selected.
DKD was defined as an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 or a urinary albumin:creatinine
ratio (UACR) >30 mg/g or a urinary protein:creatinine ratio (UPCR) >0.3 g/g after excluding acute kidney injury.
Results. A total of 15 304 T2DM patients identified on EMRs were eligible to enter the study. A total of 4526 (29.6%) T2DM
patients had DKD according to lab criteria. However, the terms CKD or DKD were only present in 33.1% and 7.5%,
representing a hidden prevalence of CKD and DKD of 66.9% and 92.5%, respectively. Less severe kidney disease (lower
UACR or UPCR, higher eGFR values), female sex and lack of insulin prescription were associated with the absence of DKD
or CKD terms in the EMRs (P < .001)
Conclusions. The prevalence of DKD among T2DM patients defined by lab data is significantly higher than that reported
on hospital EMRs. This could imply underdiagnosis of DKD, especially in patients with the least severe disease who may
benefit the most from optimized therapy.
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INTRODUCTION

Chronic kidney disease (CKD) is one of the most severe compli-
cations of diabetes mellitus (DM) and its severity strongly cor-
relates with adverse outcomes. In fact, estimated glomerular fil-
tration rate (eGFR) and urinary albumin excretion are synergistic
and independent predictors ofmortality in type 2 DM (T2DM) [1].

Strikingly, despite better control of glycaemia, arterial blood
pressure and lipid profile or the appropriate use of renin–
angiotensin–aldosterone system blockers, the overall incidence
of diabetic kidney disease (DKD) has not significantly decreased
[2]. DKD prevalence is widely variable between series, proba-
bly reflecting disparities in screening procedures in T2DM pa-
tients, inconsistent DKD diagnostic criteria [3], or healthcare
level bias. DKD was originally described as a progressive dis-
ease that initiates with the detection of microalbuminuria and
slowly progresses to macroalbuminuria and a decline in GFR.
However, some type 1 and most T2DM patients do not fol-
low this course, as revealed in the UK Prospective Diabetes
Study (UKPDS): of the 28% of the cohort that developed an
eGFR <60 mL/min/1.73 m2, only half had preceding patho-
logical albuminuria [4]. Moreover, the excess risk for kidney
disease progression in DM is not restricted to albuminuric
patients [5].

Since the preventive and therapeutic approach for CKD
in diabetic patients is common to the albuminuric and non-
albuminuric phenotypes of diabetes-related CKD,most scientific

societies advocate to include both presentations under the term
DKD or the preferred ‘diabetes and CKD’ term [6].

Studies based on big data in comparison with classic obser-
vational epidemiological studies are a powerful tool to extract
meaningful information from very large data sets and electronic
medical records (EMRs). Real-world data is defined as the infor-
mation that is gathered through observations of routine clini-
cal practice from multiple sources that can be linked to provide
meaningful patterns. Big data and real-world data are not syn-
onyms, however, there are important aspects of real-world data
that also apply to big data, as is the use of natural language pro-
cessing (NLP) systems [7].

The aim of this study was to assess the prevalence of DKD
and the accuracy of DKD diagnosis using real-world data anal-
ysis in a cross-sectional study of T2DM patients admitted to a
university hospital. The real prevalence of DKD in T2DMpatients
is based on serum and urine laboratory data and was compared
with the existence of diagnostic terms ‘DKD’ and/or ‘CKD’ on the
EMRs using the SAVANA Manager tool.

MATERIALS AND METHODS

The Big Data in Diabetic Kidney Disease (BIGERD) study is a non-
experimental, observational, cross-sectional study performed
using free-text data captured in the EMRs of the hospitals from
the health system in Madrid.
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FIGURE 1: Patient flow chart.

All T2DM patients ˃18 years of age admitted to any clinical
department of the Hospital Universitario Puerta de Hierro
Majadahonda (HUPH) from January 2009 to December 2018
and with enough lab data to be categorized were included.
T2DM was defined as fasting glucose ≥126 mg/dL or ongoing
pharmacological treatment for T2DM. Patients diagnosed with
glomerular disease, adult polycystic kidney disease and acute
or chronic interstitial disease were excluded. Figure 1 depicts
the patient selection and categorization process.

The hidden prevalence of CKDwas defined as the percentage
of patientsmeeting the criteria for DKD according to lab data but
missing a diagnosis of CKD or DKD on the EMRs.

Information extraction from the EMRs

The information from EMRs—T2DM, CKD and/or DKD diagnosis
and all other diagnoses that were considered as exclusion crite-
ria for entering the study—was extracted with NLP and artificial
intelligence techniques using the SAVANA Manager clinical
platform (through EHRead technology). SAVANA Manager is
a powerful multilingual engine for the analysis of free-text
clinical information. This tool can capture numerical values
and clinical notes and transform them into accessible variables,
thus allowing for reuse of the information captured in large-
scale collections of clinical records (i.e. big data). Furthermore,
EHRead technology combines modules for sentence segmenta-
tion, tokenization, text normalization, acronym disambiguation
and negation detection that are considered in the validation
process to be able to read typos, misspellings, acronyms and
other particularities within the free-text narratives of pa-

tients’ EMRs. SAVANA methodological specifications have been
included in the supplementary data.

Simultaneously, laboratory data were used to categorize the
study group into CKD and/or DKD based on the eGFR and the
presence of albuminuria or proteinuria. eGFR was calculated
from serum creatinine (sCr) by the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation [8]. Patients with
less than two sCr values as well as those fulfilling the Kidney
Disease: Improving Global Outcomes (KDIGO) criteria for acute
kidney injury (AKI) [9] were excluded (missing data were dis-
carded inmulticentremethods). The last available sCr value was
selected to calculate the patient’s eGFR inmL/min/1.73m2.Urine
albumin:creatinine ratio (UACR) or urine protein:creatinine ra-
tio (UPCR) was only analysed in patients with two or more
UACR or UPCR values. The highest value was used to cate-
gorize patients into non-albuminuric (UACR <30 mg/g), albu-
minuric (UACR ≥30 mg/g) or proteinuric (UPCR ≥0.3 g/g) CKD.
DKD was defined according to KDIGO criteria as the presence of
UACR ≥30mg/g or UPCR ≥0.3 g/g or eGFR <60mL/min/1.73m2 in
a DM patient (T2DM in this study) once other causes of CKD had
been reasonably ruled out [10].

Next, DKD patients were classified according to the pres-
ence or absence of the diagnostic terms DKD and/or CKD on
the EMRs. SAVANA Manager groups diabetic kidney disease, di-
abetic nephropathy and diabetic chronic kidney disease under
the term DKD. CKD includes the terms end-stage renal disease,
renal disease, chronic renal disease/chronic kidney disease and
nephropathy. Patients with a DKD diagnosis but insufficient lab
data to be correctly categorized were rare in the analysis and
were excluded.
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Table 1. DKD categorization by laboratory data

Clinical description from laboratory data Values, n (%), 95% CI

T2DM eligible for analysis, n 15304
DKD based on eGFR (CKD-EPI; mL/min 1.73 m2) 3204 (20.9), 20.3–21.6
DKD based on UACR or UPCR and eGFR >60 mL/min/1.73 m2 1322 (9.0), 8.5–9.4a

Total DKD by lab criteria 4526 (29.6), 28.9–30.3
Prevalence of UACR >30 mg/g or UPCR >0.3 g/g among patients with UACR or UPCR data
UACR ≥30 mg/g 1556 (62.5), 60.6–64.4b

UPCR ≥0.3 g/g 1044 (28.6), 27.1–30.0

CI, confidence interval.
aPercentage expressed over total patients having an eGFR >60 mL/min/1.73 m2 and UACR (n = 2490) or UPCR data (n = 3655).
bPercentage expressed over total patients having UACR or UPCR (data n = 14750).

All EMRs were previously anonymized by the information
technology service, so neither investigator has access to the pa-
tients’ identification. The studywas approved by the ethics com-
mittee of the Hospital Universitario Puerta de Hierro Majada-
honda (138/18) and they determined that informed consent was
not necessary due to the number of patients and the character-
istics of the study.

Demographic data (age and sex) and antidiabetic drug pre-
scriptions were collected from the medical history. Quantitative
variables are expressed as mean and standard deviation (SD)
and categorical variables are presented as percentages. Differ-
ences between variables were evaluated using the Student’s t-
test or chi-squared test according to the nature of the variables;
a post hoc test was done. For significant chi-squared results we
conducted Tukey post hoc analyses to identify the discrepancy.
P-values <.05 were considered statistically significant. All anal-
yses were performed with Stata 14 (StataCorp, College Station,
TX, USA).

RESULTS

Study population

Of 516578 patients available for analysis in SAVANA Manager, a
total of 24 129 patients were categorized as having T2DM [me-
dian age 72 years (interquartile range 61.5–81.2), 54.7% male].

After selecting just the adult population and excluding
patients with diagnosed non-diabetic forms of CKD or with less
than two eGFR assessments or those in whom AKI could not be
ruled out (Figure 1), 15 304 T2DM patients were eligible for the
study.

DKD, defined as an eGFR <60 mL/min/1.73 m2 or pathologi-
cal UACR or UPCR, was diagnosed in 4526 (29.6%) patients; 3204
(20.9%) had an eGFR <60 mL/min/1.73 m2 (Table 1). Pathological
UACR (>30 mg/g) or UPCR (>0.3 g/g) were present in 1556/2490
(62.5%) and 1044/3655 (28.6%) patients with available UACR or
UPCR data, respectively (Table 1).

The analysis of the 4526 patients identified as having DKD
according to lab data revealed that a CKD diagnosis was found
on EMRs in 1498 (33.1%) and a DKD diagnosis in 341 (7.5%) of
DKD patients diagnosed by lab criteria. This means that 66.9% of
lab-diagnosed DKD did not show a CKD diagnosis on the EMRs,
and when evaluating the term DKD, this percentage was even
higher, reaching 92.5% of T2DM patients diagnosed with DKD by
lab criteria (Table 2).

Patients having a DKD diagnosis as per biochemistry lab val-
ues while missing a diagnosis of CKD or DKD in the EMR had
a higher eGFR and a lower UACR or UPCR than those not miss-
ing the diagnosis (Figure 2). Indeed, patients with milder CKD

(higher eGFR, lower UACR or UPCR) more frequently missed
the diagnoses of CKD or DKD in the EMRs than patients with
eGFR <30 mL/min/m2, UACR >300 mg/g or UPCR >1.0 g/g
(Table 2, Figure 2). Additionally, female patients or patients not
on insulin more frequently missed a diagnosis of CKD or DKD.
Finally, patients ≥70 years of age were more frequently misdi-
agnosed with DKD or CKD in the EMRs compared with younger
patients (Table 2).

DISCUSSION

To our knowledge, this is the first study that approaches the rel-
evance of undiagnosed DKD in T2DMpatients in a broad popula-
tion under real-world data conditions and the results are strik-
ing and worth a detailed analysis of the potential consequences.
The main finding is the underdiagnosis of CKD or DKD in the
EMRs. Despite international consensus definitions, these data
suggest that physicians may not be translating objective diag-
nostic laboratory criteria to an actual diagnosis. Thus a DKD
diagnosis was present in the EMRs in only 7.5% of T2DM pa-
tients who fulfilled diagnostic lab criteria for DKD and the less
accurate term CKD was present in only 33.1% of DKD patients
diagnosed according to lab criteria. Hence, approximately two-
thirds of CKD occurring in T2DM patients goes unnoticed and
only 1 in 10 T2DM patients suffering from DKD is correctly iden-
tified in the EMRs, uncovering a critical issue in DKD manage-
ment, namely correct identification of T2DM patients suffering
from DKD. This may have consequences for patient manage-
ment, from optimizing therapy for CKD/DKD to limiting the use
of nephrotoxic agents to providing adequate preventive care for
nephrotoxicity or dose adjustment of kidney excreted or metab-
olized molecules. It may additionally confound policymakers as
to the true prevalence of DKD.

The DKD prevalence (29.6%) according to current KDIGO
diagnostic criteria is in line with previous reports from the
Spanish prospective series using conventional database anal-
ysis: 27.9% of T2DM patients develop end-stage renal dis-
ease (ESRD) and at least 35% have albuminuria, proteinuria
or CKD [11], supporting the representativeness of the study
population.

Correct identification of DKD in T2DMpatients is key for opti-
mal therapeutic decision-making aimed at preventing the devel-
opment or progression of DKD to ESRD. Several effective strate-
gies have been demonstrated to slow or even prevent DKD pro-
gression [12]. However, the progression of non-albuminuric DKD
and the general prevalence of ESRD caused byDKDhas remained
stable over the last 20 years [2]. Recently the use of sodium-
glucose cotransporter 2(SGLT-2) inhibitors and glucagon-like
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Table 2. Main characteristics of patients diagnosed with DKD by laboratory criteria who were correctly or incorrectly identified as CKD (upper
table) or DKD (lower table) patients in the EMRs

CKD by EMR Matched Unmatched P-value

Patients, n (%) 1498 (33.1) 3028 (66.9)
Age (years), n (%) <.001

>70 1177 (78.6) 2121 (70.1)
60–69 216 (14.4) 520 (17.2)
50–59 83 (5.5) 269 (8.9)
40–49 21 (1.4) 74 (2.4)
18–39 1 (0.1) 44 (1.5)

Male, n (%) 894 (59.7) 1488 (49.1) <.001
Insulin, n (%) 693 (46.3) 1050 (34.7) <.001
UACR (mg/g), (n)(%) 504 826 <.001

<30 88 (17.5) 213 (25.8)
30–300 200 (39.7) 495 (59.9)
>300 216 (42.9) 118 (14.3)

UPCR (g/g), (n) (%) 775 1411 <.001
<1 443 (42.8) 1106 (21.6)
≥1 332 (57.2) 305 (78.4)

eGFR (mL/min/1.73 m2), n (%) 1470 2943 <.001
<30 461 (31.4) 201 (6.8)
30–60 834 (56.7) 1635 (55.6)
>60 175 (11.9) 1107 (37.6)

eGFR <30 mL/min/1.73/ m2 + UPCR ≥1 g/g 270/363 (74.4) 93/363 (25.6)
DKD by EMR
Patients, n (%) 341 (7.5) 4185 (92.5)
Age (years), n (%) <.001

≥70 214 (62.8) 3084 (73.7)
60–69 84 (24.6) 652 (15.6)
50–59 31 (9.1) 321 (7.7)
40–49 11 (3.2) 84 (2.0)
18–39 1 (0.3) 44 (1.1)

Male, n (%) 236 (69.2) 2146 (51.3) <.001
Insulin, n () 218 (63.9) 1525 (36.4) <.001
UACR (mg/g), (n) (%) 178 1152 <.001

<30 17 (9.6) 284 (24.7)
30–300 59 (33.2) 636 (55.2)
>300 102 (57.3) 232 (20.1)

UPCR (g/g), n (%) 235 1951 <.001
<1 101 (43.0) 1448 (74.2)
≥1 134 (57.0) 503 (25.8)

eGFR (mL/min/1.73 m2), n (%) 335 4078 <.001
<30 151 (45.1) 511 (12.5)
30–60 114 (34.0) 2355 (57.8)
>60 70 (20.9) 1212 (29.7)

eGFR <30 mL/min 1.73 m2 + UPCR ≥1 g/g 109/363 (30.0) 254/363 (70.0)

Matched: CKD by EMR or DKD by EMR.
was calculated with the CKD-EPI equation

peptide-1 (GLP-1) receptor agonists was reported to provide add-
on renal protective effects in T2DM patients, even in advanced
CKD stages and including non-albuminuric DKD [13].

Diagnosis of DKD is based on screening for albuminuria and
low eGFR and most T2DM patients in the present study had
several in-hospital laboratory assessments and most probably
many others at their primary care laboratory. However, the
correct interpretation of these results and integration into
a diagnosis was missing in most EMRs from T2DM patients
admitted to our centre. Several patient characteristics were
identified as being associated with a lower prevalence of di-
agnoses of CKD or DKD reflected in EMRs. T2DM patients on
insulin are usually in the later stages of T2DM natural history
or display more comorbidities, therefore, they usually receive
more medical and laboratory assessments. That could explain

the observed more accurate diagnosis of CKD or DKD in EMRs
of patients on insulin. Similarly, patients with more severe GFR
impairment and significant albuminuria or proteinuria were,
in general, better categorized than patients with milder forms
of CKD. Yet, an eGFR <60 mL/min/1.73 m2 denotes an already
important loss of renal function and albuminuria in the range of
30–300 mg/g is associated with worse renal and cardiovascular
outcomes [14]. Moreover, early initiation of therapy aimed at
preventing CKD progression has also been demonstrated to be
effective in preventing cardiovascular events and premature
death. Current American Diabetes Association and European
Association for the Study of Diabetes guidelines recommend the
preferential use of SGLT2 inhibitors on top of metformin when
DKD is diagnosed [15] and improved renal and cardiovascular
outcomes were observed when SGLT2 inhibitors were started
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FIGURE 2: Biochemistry laboratory values for T2DM patients diagnosed with DKD according to lab values. eGFR UACR and UPCR are shown. Upper panel: CKD results.
Patients are categorized as unmatched when a laboratory diagnosis of DKD was not matched by a medical records diagnosis of CKD and matched when a laboratory
diagnosis of DKD was matched by a medical records diagnosis of CKD. Lower panel: DKD results. Patients are categorized as unmatched when a laboratory diagnosis

of DKD was not matched by a medical records diagnosis of DKD andmatched when a laboratory diagnosis of DKD was matched by a medical records diagnosis of DKD.
Higher values of eGFR and lower values of UACR or UPCR in patients diagnosed with DKD according to biochemistry lab values lacked a diagnosis for CKD or DKD in
the medical records. Statistical comparisons for this set of data are presented in Table 2. Box plot represents the median and interquartile range.

in patients with an eGFR ˃30 mL/min/1.73 m2 and maintained
until dialysis initiation [16, 17].

The analysis of risk factors for missing diagnoses yielded re-
sults that could be understood as widely extended default atti-
tudes by physicians. Thus we hypothesized the underdiagnosis
of CKD or DKD in the EMRs of female patients may reflect the
lower serum creatinine values in females than in males for the
same eGFR values as well as lower UACR values [18]. Similarly,
physicians may be more reluctant to attribute CKD to T2DM in
the elderly, in whom hypertensive nephropathy is a frequent di-
agnosis in Spain, especially if albuminuria is not prominent.

Big data is a powerful tool for providing insight from very
large data sets and EMRs. We have shown that real-world data
analysis can be a useful tool in detecting undiagnosed patients
that can benefit from tailored therapeutic options [19]. As shown
in this study, the combination of two tools (NLP technology and
lab data processing algorithms) could easily evolve into auto-
mated diagnostic tools of DKD to be validated by physicians, fa-
cilitating the correct detection of kidney disease in T2DM and
early intervention.

Several limitations should be acknowledged.We have not di-
rectly accessed the information from the primary care health
system. However, it is unlikely that a diagnosis of CKD or DKD
previously included in the general practice physician’s EMRs
was skipped from discharge forms, since this comorbid diag-
nosis added value to hospital reimbursement. Additionally, the

observed DKD prevalence was inline with published data from
the same region, supporting that those results can be extrapo-
lated to broader populations. A second limitation is that being
a single-centre study, it may have reflected local practices not
representative of other centres. However, we estimate that this
is also unlikely, given the mobility of health care workers in our
region.

In conclusion, a high rate of hidden DKD was observed
among hospitalized T2DM patients,which wasmore frequent in
patients with less severe DKD. Since effective therapies are now
available tomodify the renal outcomes of these patients, includ-
ing antidiabetic drugs that should be preferentially used in pa-
tients with DKD, educational efforts should be directed towards
increasing DKD diagnosis accuracy at every health system level.
Whether this miscategorization is really interfering with opti-
mal treatment and impairing renal or cardiovascular outcomes
is beyond the scope of the present study but deserves further
analysis. Additionally, this use of real-world data is a powerful
and safe tool to identify and select groups of patients for clinical,
epidemiological, or investigational purposes.
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