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Abstract
Introduction: This study aimed to assess the feasibility of
applying natural language processing (NLP) to analyze real-
world data (RWD) and resolve clinical problems in patients
with secondary hyperparathyroidism and chronic kidney
disease undergoing hemodialysis (SHPT/CKD-HD). The pri-
mary objective was to evaluate how well the guideline-
recommended analytical goals are achieved in a Spanish

cohort of SHPT/CKD-HD patients based on RWD. Methods:
Unstructured data in the electronic health records (EHRs)
from 8 hospitals were retrospectively analyzed using the
EHRead® technology, based on NLP and machine learning.
Variables extracted from EHRs included demographics, CKD-
related clinical characteristics, comorbidities and compli-
cations, mineral and bone disorder parameter levels, and
treatments at baseline, 6-month, and 12-month follow-up.
Results: A total of 623 prevalent SHPT/CKD-HD patients were
identified; of those, 282 fulfilled the inclusion criteria. They
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were predominantly elderly males with cardiovascular
comorbidities, and the first cause of CKD was diabetic ne-
phropathy. Diagnosis of SHPT was associated with an im-
provement in median values for PTH, calcium, and
phosphate. However, the percentage of patients with nor-
mal PTH ranges remained stable during the study period
(52.8–60.4%), while the percentage of patients with within-
target range serum calcium or phosphate values showed an
increasing trend (43.2–60% and 38.8–50%). At baseline,
74.1% of patients were using SHPT-related medication, in-
cluding at least one vitamin D or analog (63.1%), phosphate
binders (46.8%), and/or calcimimetics (9.6%). Conclusions:
This study represents the first attempt to use clinical NLP to
analyze SHPT/CKD-HD patients based on unstructured
clinical data. This methodology is useful to address clinical
problems based on RWD and identified a high rate of out-of-
range mineral-bone analytical values in patients with HPT/
CKD-HD and an increasing trend of out-of-range values for
serum calcium and phosphate. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Secondary hyperparathyroidism (SHPT) is a common
complication in patients suffering from chronic kidney
disease (CKD) and CKD mineral and bone disorder. It is
characterized by the enlargement and hyperactivity of the
parathyroid glands, high parathyroid hormone (PTH)
levels in the blood, and altered bone and mineral
metabolism, most notably altered serum phosphate and
calcium levels, which may lead to skeletal fractures, bone
disease, and cardiovascular complications with related
mortality due to progressive vascular calcification [1–5].
Importantly, SHPT worsens over time in CKD patients
undergoing hemodialysis (CKD-HD) [6].

Because of the multifactorial nature of SHPT and the
existing knowledge gaps in currently available clinical
guidelines, the treatment of SHPT in CKD-HD patients
(SHPT/CKD-HD) is particularly challenging [7, 8]. Cur-
rent treatment options for SHPT include dietary phos-
phate restriction and use of phosphate binders to reduce
serum phosphate levels, administration of vitamin D or
vitamin D receptor activators (such as paricalcitol), ad-
ministration of calcimimetics to inhibit PTH secretion,
and surgical parathyroidectomy if medical treatment fails
[9, 10]. International Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines specifically recommend
some mineral and bone disorder parameter goals since
2009 for SHPT/CKD-HD patients which include lowering

elevated phosphorus levels toward the normal range,
maintaining serum calcium in the normal range, and
maintaining PTH levels within 2–9 times the upper
normal limit since lower PTH levels are associated with
increased mortality [11–14]. However, as recently revealed
in COSMOS, a prospective study aimed at describing the
European dialysis population [15, 16], clinical standards
for the prevention, diagnosis, and treatment of SHPT
markedly vary across European countries [16], and there
are no data regarding the ability to achieve those goals in
the routine, day-by-day practice.

In light of the above and the clinical value of real-life
information on the management and outcomes of SHPT
[6, 14], the analysis of vast amounts of real-world data
(RWD) holds great potential to improve our under-
standing of SHPT/CKD-HD patients from an epidemi-
ological and clinical standpoint. The clinical information
in patients’ electronic health records (EHRs) represents a
paramount source of RWD; particularly, the extraction
and analysis of the unstructured clinical information in
EHRs using machine learning tools (most notably natural
language processing [NLP]) has yielded novel insights
into patients’ characteristics, management, epidemio-
logical data, and disease prognosis in a variety of clinical
areas [17–24].

The SENEFRO-BD-SHPT study aimed to assess the
feasibility of applying NLP to analyze the unstructured
clinical information in EHRs to answer clinical questions
in SHPT/CKD-HD patients using the EHRead® deep NLP
technology [21–25]. Then, our primary study objective was
to evaluate how well the guideline-recommended ana-
lytical goals are achieved in a Spanish cohort of SHPT/
CKD-HD patients based on RWD.

Materials and Methods

Data Source
This was a multicenter, retrospective study based on the sec-

ondary use of the unstructured free-text in the EHRs of 8 hospitals
from the Spanish National Healthcare Network (online suppl.
Table S1; for all online suppl. material, see www.karger.com/doi/
10.1159/000528784). The study period was from January 1, 2014,
to December 31, 2018. Data were collected from all available
departments in each participating site (including inpatient hos-
pital, outpatient hospital, and emergency service). Of note, access
to primary and specialized healthcare (including kidney replace-
ment therapy) is universal and free of charge at the point of
delivery in the Spanish National Healthcare System. Online
supplementary Figure S1 displays the total number of screened
records by the main data sources and hospital departments. The
number of records available in structured and unstructured for-
mats in each participating site is shown in online supplementary
Figure S2.
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Study Design
As shown in Figure 1, data were extracted and analyzed at two

different time windows, namely, Baseline and Follow-Up. For all
patients, an index date was defined as the timepoint at which in-
clusion criteria for both CKD-HD and SHPT overlapped within the
study period (see section below); the baseline periodwas−6months to
+1month from the index date. Follow-up analyses were performed at
6 and 12months following the index date, using a ± 3-month window
for data extraction around each timepoint. These windows were
chosen to optimize data collection given the limitations in data
availability when extracting real-life information and to compensate
for possible differences in follow-up visits across patients.

Study Population and Analyzed Variables
The study sample included all CKD-HD patients in the source

population with a diagnosis of SHPT, defined as PTH >300 pg/mL

and/or documented use of drugs for the management of SHPT,
such as calcimimetics (cinacalcet or etelcalcetide), vitamin D, or
vitamin D analogs (paricalcitol, calcifediol, cholecalciferol, calci-
triol, and alfacalcidol). To guarantee the homogeneity and quality
of the data, the analyses only included patients with available PTH
values at both baseline and at least one timepoint during follow-up
(Fig. 1). Variables extracted from EHRs included demographics,
CKD-related clinical characteristics, comorbidities, and compli-
cations at baseline, as well as CKD mineral and bone disorder-
related biochemical parameters (PTH, serum calcium, and
phosphorus) and treatments at baseline, 6-month, and 12-month
follow-up. Included patients were classified regarding levels of
each analytical parameter into the following groups in the different
timepoints: normal, lower than normal, and higher than normal
levels. Patients were labeled as having “normal levels” if their
laboratory values ranged as follows: serum PTH = 150–450 pg/mL;
serum calcium = 8.4–9.4 mg/dL; and serum phosphate =
2.5–4.5 mg/dL. Regarding laboratory parameters, we performed a
depuration for extreme, out-of-range values. Structured laboratory
results were included in the analyses for 2 participating sites.

Extracting Clinical Information from EHRs
We used the EHRead® technology [21–25] to access and an-

alyze the free-text, unstructured clinical information in EHRs. This
technology enables the extraction of clinical information from
EHRs via a combination of NLP [26] and other machine learning
tools. In this process, the unstructured text is integrated into a
structured database via automatic identification of sections in the
EHRs as well as detection of key terms (and their synonyms)
relevant to the study. Further details regarding clinical data ex-
traction from EHRs are explained in online supplementary
information.

In line with previously published procedures [21–24, 27], we
assessed EHRead®‘s ability to identify patient records that con-
tained key variables related to SHPT and CKD-HD (see online
suppl. information, evaluation of EHRead’s performance). Briefly,
this evaluation consisted of a comparison between EHRead’s
reading output and an annotated corpus of EHRs by expert
physicians (i.e., “gold standard”). The level of agreement between
EHRead’s output and the gold standard was expressed in terms of
accuracy (precision), recall, and their harmonic mean F-score
(online suppl. Table S2). Both variables used to identify the
study population (i.e., CKD-HD and SHPT) obtained high pre-
cision scores.

Statistical Analyses
Unless otherwise indicated, summary tables for continuous

variables include the mean, standard deviation, median, mini-
mum, maximum, and interquartile range for each variable.
Missing data are also indicated. Frequencies are expressed as n (%).
All analyses were conducted using R software [28].

Results

General Clinical Characteristics
EHRs from 3,290,365 individuals were processed. Of

the 623 SHPT/CKD-HD patients at the index date,
laboratory information on PTH levels was available for

Fig. 1. Study design. Using EHRead technology (see Methods section
for further details), the unstructured clinical data from patients’ EHRs
were extracted and analyzed at two different time windows, namely,
Baseline and Follow-Up. For all CKD-HDpatients, the index date was
defined as the timepoint when diagnostic criteria for either HD or
SHPT were first met; the baseline period considered the time window
between −6 months and +1 month from the index date. Follow-up
analyses were performed at 6 and 12months following the index date,
considering a temporal window of ±3 months for data extraction
around each timepoint. From a source population of 3,290,365 in-
dividuals, a total of 623 patients diagnosed with SHPT undergoing
HD were detected. Of these, the final analysis sample comprised 282
patients with available PTH information. NLP, natural language
processing; SHPT, secondary hyperparathyroidism; CKD-HD,
chronic kidney disease undergoing hemodialysis; PTH, parathyroid
hormone.
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282 patients, comprising the final study population
(Fig. 1).

The general demographic and CKD-related clinical
characteristics of the study population at baseline are
shown in Table 1. Most patients were male (68.44%; n =
193) with a mean age (±SD) of 67.1 (±15.4) years. The
most common cause of CKD was diabetic nephropathy
(29%; n = 81), followed by hypertensive/renal vascular
disease (24.4%; n = 68), tubulointerstitial disease (19.3%;
n = 54), and glomerular disease (12.5%; n = 35). Kidney
transplantation was performed in 11.35% of patients (n =
32), with a median (Q1–Q3) time since the first occur-
rence of CKD of 2.5 (0.5–5.8) years.

Regarding comorbidities and complications at base-
line, 83.7% (n = 236) of patients had been diagnosed with
hypertension. Diabetes was also relatively common,
appearing in more than half of patients (53.9%; n = 152),
mostly as type 2 diabetes (T2D; 43.6% of the total sample;
n = 123). Consequently, diabetes-related complications
such as diabetic nephropathy (29.8%; n = 83) and diabetic

foot (3.9%; n = 11) were reported. The most common
cardiovascular-related comorbidities at baseline included
heart failure (34.8%; n = 98), cardiovascular events
(31.9%; n = 90), stroke (16.3%; n = 46), and myocardial
infarction (15.2%; n = 43). Fractures were also reported in
20.9% (n = 59) as a SHPT complication. A complete list of
comorbidities and complications is shown in Table 2.

Serum PTH, Calcium, and Phosphate
Figure 2a shows levels of PTH, calcium, and phos-

phorus at baseline, 6 months, and 12 months of follow-
up. Of note, follow-up information at 12 months was lost
in 15% of the population. Figure 2b shows the percentage
of patients in the different evaluated groups (normal,
lower, and higher than normal levels) for each specific
parameter and at different timepoints. Briefly, approxi-
mately half of patients (52.8%; n = 149) showed normal
PTH values at baseline; this trend remained relatively
stable during follow-up (6-month: 51.8%, n = 132; 12-
month: 60.4%, n = 96). Regarding calcium levels, 43.2% of

Table 1. Demographics and
CKD-related clinical characteristics at
baseline

SHPT/CKD-HD (n = 282)

Demographics
Gender

Female 89 (31.56)
Male 193 (68.44)

Age, years
Mean (SD) 67.1 (15.4)
Median (Q1–Q3) 71.0 (59.0–79.0)
Missing 0

CKD-related clinical characteristics
CKD etiology

Diabetic nephropathy 81 (29.03)
Hypertensive/renal vascular disease 68 (24.37)
Tubulointerstitial disease 54 (19.35)
Glomerular disease 35 (12.54)
Cystic kidney disease 17 (6.09)
Systemic disease 10 (3.58)
CAKUT 9 (3.23)
Miscellaneous renal disorders 4 (1.43)
Other familial nephropathy 3 (1.08)
Unknown 89 (31.90)

Prior kidney transplantation 32 (11.35)
Time since the first occurrence of CKD, years*

N 273
Mean (SD) 4.5 (5.9)
Median (Q1-Q3) 2.5 (0.5–5.8)
Missing 6

SHPT, secondary hyperparathyroidism; CKD-HD, chronic kidney disease under-
going hemodialysis; CKD, chronic kidney disease; CAKUT, congenital anomalies of the
kidney and the urinary tract. Frequencies are shown as n (%). *Time since the first
occurrence of CKD diagnosis in patients’ EHRs until SHPT.
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patients (n = 117) showed values within normal range at
baseline, 51.4% (n = 133) at 6 months, and 60% (n = 114)
at 12 months. Finally, the percentage of patients with
normal phosphate levels increased from 38.8% (n = 62) to
50.7% (n = 69) at 6 months and to 50% (n = 50) at
12 months post-baseline. A complete description of these
data is included in online supplementary Table S3.

Medical Management of SHPT in
Hemodialysis Patients
Figure 3 shows the use of selected SHPT-related

medications across the study period. At baseline, 74.1%
of patients (n = 209) were using SHPT-related medica-
tion, including at least one vitamin D/vitamin D analog
(63.1%; n = 178), phosphate binder (46.8%; n = 132), and/
or calcimimetics (9.6%; n = 27). Among phosphate
binders, the most frequently prescribed drugs at baseline

were calcium carbonate (21.6%; n = 61) and sevelamer
(20.6%; n = 58).

Changes in medication frequencies over time are
displayed in Figure 3 and summarized in online sup-
plementary Table S4. Over the follow-up period, the use
of vitamin D and analogs decreased from 63.1% at
baseline to 40% at 12 months. On the other hand, the use
of calcimimetics and phosphate binders remained rela-
tively stable during this period.

Discussion

The main findings of this study are that (1) NLP is a
feasible tool to access and analyze the unstructured
clinical information in the EHRs of patients with SHPT
and CKD-HD in Spain; (2) NLP based on RWD allows us
to address clinical problems; and (3) although after
SHPT/CKD-HD diagnosis there is an improvement in
the management of minerals and bone disorder pa-
rameters, almost half of patients do not achieve guideline-
recommended analytical goals after 1 year, most fre-
quently phosphorus levels.

NLP and machine learning are increasingly being used
to extract and analyze clinical data from patients’ EHRs in
the broader context of CKD and HD. In a recent study,
NLP identified HD-related symptoms with higher
specificity and sensitivity than using International
Classification of Diseases coding alone [29]. Crucially,
NLP-extracted data from EHRs also identified novel
clinical factors that predict outcomes in end-stage renal
disease [30–32]. In this regard, NLP compared with
traditional research methods presents some advantages.
First, NLP represents a cost- and time-effective tech-
nology to extract and analyze large amounts of readily
available real-world clinical evidence [18, 20, 33–35].
Second, NLP-based analyses of RWD may be repeated
periodically over time in an efficient and feasible manner
to explore the impact on health outcomes of new drugs,
procedures, eHealth interventions, or any other inter-
ventions performed during routine clinical practice. In
the context of SHPT, recent studies have pointed to stark
differences in the characteristics and management of
CKD patients undergoing HD [16] and highlight the
pressing need for PTH RWD [6, 14].

From a source population of 3,290,365 individuals, our
study sample comprised 282 SHPT/CKD-HD patients
with available PTH values during the study period. The
gender distribution, age, and CKD etiology are in line
with the epidemiology data of kidney replacement
therapy in Spain [36] as well as with previously reported

Table 2. Comorbidities and complications at baseline

SHPT/CKD-HD* (n = 282)

Comorbidities
Hypertension 236 (83.7)
Diabetes 152 (53.9)

Diabetes type 2 123 (43.6)
Diabetes type 1 16 (5.7)

Heart failure 98 (34.8)
Cardiovascular eventa 90 (31.9)
Hypercholesterolemia 59 (20.9)
Stroke 46 (16.3)
Ischemic stroke 22 (7.8)
Non-ischemic stroke 6 (2.1)
Myocardial infarction 43 (15.2)
NSTEMI/STEMIb 7 (2.5)
Valvular or vascular calcification 37 (13.1)
Peripheral artery disease 23 (8.2)
Hypothyroidism 19 (6.7)
Transient ischemic attack 14 (5.0)
Carotid artery disease 7 (2.5)
Liver impairment 1 (0.4)

Complications
Diabetic nephropathy 84 (29.8)
Retinopathy 62 (22.0)
Fractures 59 (20.9)
Diabetic foot 11 (3.9)

*Data indicate single diagnostic labels found in patients’
EHRs (i.e., if diagnostic information for a given condition exists
multiple times for a single patient, the condition was counted
only once). Of note, a single patient could have been diagnosed
with more than one of the analyzed comorbidities. aCardio-
vascular event includes stroke, myocardial infarction, unstable
angina, and/or coronary revascularization. b(Non/N) ST-
segment elevation myocardial infarction.
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results in larger European series of SHPT patients un-
dergoing HD, including the prospective observational
COSMOS [16], the retrospective observational Mimosa
study in France [6], the global EVOLVE randomized trial
aimed to assess the efficacy of cinacalcet [37], and the
global observational DOPPS 2012–2015 database of
SHPT patients on chronic HD [38]. In the present study,
the main causes of CKD also matched those reported in
COSMOS [16].

Cardiovascular diseases are the most common cause of
death in patients with CKDwith SHPT [39]. In our series,
diabetes and cardiovascular diseases (i.e., hypertension,
heart failure, and cardiovascular events) were the most
frequent comorbidities at baseline in the study pop-
ulation, which was in line with prior observational studies
and clinical trials, such as DOPPS, COSMOS, and

EVOLVE. Moreover, SHPT also has been associated with
progressive bone disease and fractures [40].

Levels of laboratory mineral and bone disorder pa-
rameters at baseline agree with those previously reported
in the DOPPS report for Spain (2012–2015) [38]. In
addition, percentage of patients with normal levels at
study entry falls within the range observed in the same
report, while considering the slight differences in the
range of analytical values reported as normal [38]. As
explained before, KDIGO guidelines recommend main-
taining calcium and phosphorus within normal ranges
while PTH within 2–9 times the upper normal limit after
SHPT diagnosis. According to the unstructured, free-text
information in patients’ EHRs, our results showed an
improvement in the control of all analytical parameters
during follow-up, as evidenced by the increase in the

a

b

Fig. 2. Laboratory results at baseline and follow-up. a Laboratory
values of serum PTH (pg/mL), calcium (Ca, mg/dL), and phosphate
(P, mg/dL) in the SHPT/CKD-HD and PTH population at baseline
(green), 6-month follow-up (orange), and 12-month follow-up
(pink). The median is represented by a line within the colored
boxes, enclosed byQ1 at the bottom and Q3 at the top. b Percentage
of patients with normal levels of PTH (150–450 pg/mL), calcium

(Ca, 8.4–9.4 mg/dL), and phosphate (P, 2.5–4.5 mg/dL) in green,
and values outside normal ranges at baseline, 6-month follow-up,
and 12-month follow-up (in yellow and red). See online supple-
mentary Table S3 for complete data analysis. EHRs, electronic
health records; SHPT/CKD-HD, secondary hyperparathyroidism
and chronic kidney disease undergoing hemodialysis; PTH, para-
thyroid hormone.
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percentage of patients with levels within normal ranges at
the consecutive timepoints (from 40 to 50% at baseline to
50–60% at 12-month follow-up). Moreover, recom-
mendations for PTH in these patients allow maintenance
of levels at upper normal limits, and the improvement in
this specific biomarker could be even higher. However,
despite the widespread use of SHPT-related medication
already at baseline, only half of the patients reached
“normal” median values during follow-up. Because ex-
treme PTH values are associated with negative prognosis
in hemodialyzed SHPT patients and scientific evidence
supporting a definite PTH target is lacking (current
recommendation grade 2C), additional studies linking
laboratory values with treatment outcomes and disease
prognosis are needed [41].

Regarding SHPT-related medications, vitamin D
and its analogs and calcimimetics were used in ranges
that fell within the previously reported [16, 38, 41, 42].
Notably, the use of etelcalcetide was underrepresented
in our series likely related to the timeline of available
data (etelcalcetide only became available during the last
months of study time window). Unlike previous lit-
erature, only 46.8% of patients included in our study
were prescribed phosphate binders at baseline, a
number that remained relatively stable during follow-
up [16, 38, 41–43]. However, the distribution of specific
phosphate binders was in the range found in DOPPS
and COSMOS.

Limitations
The results presented here must be interpreted con-

sidering several limitations intrinsic to the novel meth-
odology used with RWD. First, the quality and accuracy
of the data are limited by the extent to which physicians
accurately describe patients’ status in medical records.
The lack of standardization in EHRs in terms of the type
of collected data across disciplines, use of standard versus
in-house medical terminology, omitted information, or
misuse of EHR sections represent a methodological
challenge and may have contributed to the heterogeneity
of the data [44, 45]. Second, the lack of structured clinical
information is particularly jeopardizing when laboratory
results are a key to characterize the population of interest;
combining both unstructured and structured information
in future studies will lead to larger sample sizes and a
more accurate depiction of the SHPT/CKD-HD pop-
ulation. Third, the availability of the desired variables at
the selected timepoints across patients could not be
guaranteed. Moreover, phosphate binder related data
must be interpreted considering the low recall metric
(0.43) for the variable “phosphate” obtained by our NLP
system. While calculations regarding calcimimetics use
could be optimized by having a complete access to
hospital pharmacy records in future studies, an adequate
representation of phosphate binder prescription requires
the implementation of technological improvements in the
NLP system and access to department-specific EHRs (e.g.,

Fig. 3.Percentage of patients prescribed with SHPT-related medication at the index date (green), 6-month follow-
up (orange), and 12-month follow-up (pink). Vitamin D/analogs include paricalcitol, calcifediol, cholecalciferol,
calcitriol, and alfacalcidol. See online supplementary Table S4 for complete data analysis.
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specific software in HD units). Finally, in light of recent
epidemiological data of HD in Spain [36], it is likely that
some hemodialysis patients were missed in the initial
screening. Indeed, the assessment of the NLP system
revealed important differences in the recall and precision
metrics of key study variables. Patients undergoing he-
modialysis in out-of-hospital facilities may have been
missed by our system since they may not have EHRs (or
these might be incomplete) available in the reference
participating hospitals.

Conclusion

This study represents the first attempt to apply NLP to
extract and analyze real-life clinical information of
hemodialyzed patients with SHPT in a multicenter set-
ting. Unstructured data in EHRs allow for addressing
clinical aspects which could be important for the patient’s
management. Based on this technology, it is possible to
describe how well guideline recommendations regarding
laboratory mineral and bone disorder parameters are
achieved in this population. Despite an improvement in
median values after the diagnosis and treatment of SHPT,
an important percentage of patients remained in unde-
sirable, out-of-guideline target ranges of PTH, calcium,
and phosphorus after 1 year, especially for phosphorus.
Clinicians should take these results into account when
managing patients with SHPT and CKD-HD to improve
outcomes.

In light of these promising results, future applications
of machine learning tools to access EHR data will provide
a large-scale clinical picture of SHPT, inform treatment
strategies, improve patient safety, and guide health policy
decisions in the hemodialyzed population [46]. In par-
allel, raising awareness among healthcare professionals
about the importance of EHR completeness will un-
doubtedly boost the impact of medical research and
ultimately improve patient care and hospital resource
management [47–49].
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