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ABSTRACT

Introduction: The aim was to present two
automated laboratory strategies designed to
detect new cases of type 2 diabetes and predia-
betes and improve their monitoring.
Methods: To improve diabetes diagnosis, we
automatically registered the glycated hemoglo-
bin (HbA1c) levels of every primary care patient
between 25 and 46 years old in case of abnormal

lipid testing when an HbA1c test had not been
requested in the current order or during the
previous year and when fasting glucose was
[ 100 mg/dl. We counted the number of
detected cases of diabetes and prediabetes and
calculated the cost per identified patient. To
improve diabetes monitoring, the levels of
HbA1c, total cholesterol, high- and low-density
lipoprotein cholesterol and triglycerides and the
spot urinary albumin-to-creatinine ratios
(ACRs) were automatically registered in patients
with diabetes when not ordered according to
guidelines. We calculated the total economic
costs according to the total number of addi-
tional registered tests and reagent cost.
Results: Of 103,425 requests, 224 (0.22%) met
the inclusion criteria. Seventeen (7.6%) patients
were identified as having new cases of diabetes
and 149 (66.5%) of prediabetes, at a cost of
€15.2 and €2.3, respectively, per case detected.
From 13,874 requests in patients with diabetes,
91 HbA1c and 708 lipid tests and 862 ACRs were
automatically registered to comply with guide-
lines, resulting in expenses of €1948.90.
Conclusions: Making use of laboratory tech-
nology, it is possible to detect new cases of type
2 diabetes and prediabetes and to improve dis-
ease monitoring.
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INTRODUCTION

The clinical laboratory plays a crucial role in the
diagnosis and monitoring of type 2 diabetes.
Glycated hemoglobin (HbA1c) is one of the
three available tests to diagnose the disorder [1],
and the marker is also used for disease moni-
toring. For diagnostic purposes, testing should
begin at age 45 years in asymptomatic adults
and should be considered in overweight or
obese subjects and measured in adults who have
one or more risk factors such as pathologic
high-density lipoprotein cholesterol (cHDL)
and/or triglyceride levels [1, 2]. For monitoring
purposes, HbA1c tests should be performed
twice per year in patients who meet the treat-
ment objectives and have stable glycemic con-
trol and quarterly in patients whose treatment
has changed or who do not meet the targets [1].
In addition to HbA1c tests, the management of
diabetes also includes taking lipid profiles con-
taining total cholesterol (cholesterol), low-den-
sity lipoprotein cholesterol (cLDL), cHDL and
triglyceride values, as well as the urinary albu-
min, on an annual basis [3].

However ‘‘a global, significant, and poten-
tially HbA1c dangerous under-request’’ [4, 5]
has been reported in Spain. Additionally, RED-
CONLAB, a consortium to share knowledge
among laboratories in Spain, also showed that
urinary albumin analyses were under-requested
in primary care in Spain [6]. The same pattern
has also been described in other countries. Buja
et al. [7] considered HbA1c, creatinine and cLDL
levels measured at least once a year as indicators
of diabetes care at the health system level and
reported that they were adequately performed
in 60.5%, 63.3% and 57.5% of cases, respec-
tively, and only 44.2% of the individuals had a
comprehensive assessment. In total, they
showed that almost 40% of the entire diabetic
population in Italy was not monitored annually
for HbA1c, creatinine or cLDL levels. Among
diabetes patients in the UK, HbA1c levels had
been measured in the previous year in 95.1% of
the cases, cholesterol in 92.7%, creatinine in
95.0% and urinary albumin in 65.2% [8].

According to the previous evidence, there is
a significant lack of compliance with diabetes

guidelines [9, 10]. Studies on general practi-
tioner (GP) adherence rates to the guidelines
suggest the usefulness of providing tools such as
decision aids to accomplish this [11].

The latest technologic advances have chan-
ged the way laboratories perform. Currently,
the computerized patient order entry (CPOE) is
greatly improving the number of requests with
patient clinical information [12]. Using this
new information, diabetes mellitus was actually
reported as one of the three most prevalent
diagnoses prompting a laboratory test in pri-
mary care in a 7-year study [12]. In this line and
by using a laboratory information system (LIS)
to apply guideline recommendations, we have
already proposed an automated laboratory-
based strategy to detect new cases of type 2
diabetes in primary care [13].

We hypothesized that with the laboratory,
and making use of the available technology,
there is an opportunity to improve the detec-
tion of diabetes and prediabetes, and also dia-
betes monitoring, by designing and establishing
interventions for better compliance with cur-
rent guidelines.

The aim of the present research was to test
the efficacy of two automated strategies
designed in the clinical laboratory: first, to
additionally identify new cases of type 2 dia-
betes and prediabetes through the LIS auto-
matic register of HbA1c analyses for primary
care patients presenting pathologic lipid tests;
second, to improve diabetes monitoring
according to guideline recommendations
through the LIS automatic registration of
HbA1c, lipid markers and urinary albumin
levels when none had been currently ordered by
the GP. We finally studied the financial impli-
cations of both strategies.

METHODS

Setting and Patients

The clinical laboratory is located in a 370-bed
suburban university community hospital that
serves the population of the health department
(HD) (234,551 inhabitants).
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Primary care laboratory requests are made
electronically from the patient’s electronic
medical record (EMR) by the GPs. Laboratory
requests are made through an electronic system,
the CPOE, which prints the recommendations
automatically in the primary care doctor’s
office, according to the requested tests, and
offers the GPs a field to complete information
on the reason for the request (clinical his-
tory/diagnostic suspicion), using the Interna-
tional Classification of Diseases, Ninth Revision,
Clinical Modification (CIE-9-MC) codes [14]. It
is not mandatory, but is optional.

The primary care patients are phlebotomized
in different primary care centers (PCCs); the
samples are collected by couriers and delivered
to the laboratory sample reception desk. Sam-
ples arrive at the laboratory B 3 h after phle-
botomy [15].

The reports are automatically sent from the
LIS to the EMR. The tests related to diabetes can
be requested in an individualized manner.

We included all primary care patients of the
HD covered by the clinical laboratory.

Study Design

Regarding the first objective (detecting new
cases of type 2 diabetes and prediabetes through
the LIS automatic HbA1c register), a prospective
study was designed from 1 May 2017 to 31 May
2018.

From 1 July 2016 to 31 May 2018, a
prospective study was also designed to study the
second aim (improvement of diabetes moni-
toring through the LIS automatic HbA1c regis-
ter, lipid tests and urinary albumin analyses).

Laboratory Methods

Three-milliliter blood samples were collected
from each of the subjects into BD Vacutainer�

K2EDTA tubes (Becton, Dickinson and Co.,
Franklin Lakes, NJ, USA) to analyze HbA1c
levels on a Tosoh G8 HPLC Analyzer, ion-ex-
change HPLC instrument [NGSP-certified,
anchored to the Diabetes Control and Compli-
cation Trial (DCCT) reference study and to the
IFCC Reference Method].

Glucose concentration was measured from
serum collected in BD Vacutainer� serum sepa-
rating tubes II Advance Tube (SST) (Becton,
Dickinson and Co., Franklin Lakes, NJ, USA)
using the hexokinase method with a Cobas
8000� Chemistry System (Roche Diagnostics,
Basel, Switzerland).

Cholesterol, cHDL and triglyceride levels
were also measured (Cobas 8000, Roche, Man-
nheim, Germany) in serum samples through an
enzymatic colorimetric method, and cLDL was
calculated using the Friedewald formula.

The quantitative urinary albumin was mea-
sured (Cobas 8000, Roche, Mannheim, Ger-
many) with an immunoturbidimetric assay. The
albumin-to-creatinine ratio (ACR) strip test is
based on the protein error of the pH indicator
(tetrabromophenol blue) and measured in UC-
3500 (Sysmex, Kobe, Japan).

Methods

In a first stage, a meeting was held between the
laboratory professionals and the GP in charge of
one of the PCCs to discuss strategies—first to
find new interventions to detect new cases of
type 2 diabetes and prediabetes and second to
adhere to laboratory diabetes monitoring
guidelines.

Aim 1: Detection of New Cases of Diabetes

Regarding the first study purpose, since a strat-
egy for patients [ 45 years old was already
established in 2013 [13], the team agreed that
the LIS would automatically register HbA1c
values on the laboratory request of any primary
care patient[25 and\46 years old with cHDL
values \ 35 mg/dl (0.90 mmol/l) and/or
triglyceride levels [ 250 mg/dl (2.83 mmol/l)
[1, 2] when the former was not requested in
either the current order or during the previous
year and fasting glucose was [ 100 mg/dl. We
chose the fasting glucose threshold, in consen-
sus with GPs, because of economic constraints,
since our laboratory belongs to the public sec-
tor, and because of our prior experience [13] in
type 2 diabetes detection. The final diagnosis of
type 2 diabetes was based on HbA1c values
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C 6.5% (48 mmol/mol) and fasting glucose
C 126 mg/dl (7 mmol/l) and prediabetes when
HbA1c = 5.7–6.4% and fasting glu-
cose = 100–125 mg/dl. When just one of the
two tests was abnormal, the LIS would recom-
mend a second glucose and HbA1c request to
confirm the presence, or not, of diabetes. In the
screened population and for the detected cases,
median values for HbA1c and fasting glucose
were reported, to compare results between
patients with diabetes and prediabetes. Finally,
we counted the number of newly diagnosed
cases (diabetes and prediabetes) and calculated
the total economic cost per identified patient,
taking into account the total number of addi-
tional HbA1c tests (N HbA1c) and the cost of
reagents (1.15€ per HbA1c test) (cost per iden-
tified patient = N HbA1c 9 1.15€/number of
identified patients).

Aim 2: Improvement of Diabetes
Monitoring

To improve diabetes monitoring, the patholo-
gists and GPs decided that HbA1c, cholesterol,
cHDL, cLDC, triglyceride and ACR values would
be automatically registered by the LIS in pri-
mary care patients with a laboratory order for
diabetes (CIE-9-MC codes) (6) when those tests
were not demanded in the current request, and
also had not been previously requested in the
recommended period of time, according to
guideline recommendations. We reported the
number of additionally registered tests accord-
ing to the strategy design and their median
values. We also calculated the total economic
cost, taking into account the total number of
additional HbA1c, lipid and ACR tests and the
cost of reagents (1.15€ per HbA1c test; 0.09€ per
cholesterol test; 0.68€ per cHDL test, 0.24€ per
triglyceride test and 1.31€ per ACR test when
quantified and 0.04€ when just measured
through strip analysis).

Thereafter, a report was sent to the GPs
coordinators of the different PCCs informing
them about the proposed strategies, and a
2-month reflection period was established to
communicate the strategies to every GP in the
nine different PCCs. In the last meeting, these

strategies to detect new cases of type 2 diabetes
and prediabetes and to adhere to laboratory
diabetes monitoring guidelines were approved.
The study was approved by the Hospital
Research Committee, and the need for consent
was waived.

All procedures performed in studies involving
human participants were in accordance with
Hospital San Juan Research Committee and with
the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Statistical Analysis

Data were statistically processed and analyzed
using the SPSS 22.0 software package, and
Microsoft Excel. Continuous data were tested
for normal distribution using the Kolmogorov-
Smirnov test. Descriptive statistics were pre-
sented as median and interquartile range (IQR)
and percentages for continuous data and cate-
gorical data. The comparative study by two
percentages was done by way of a U Mann-
Whitney test or Kruskal–Wallis test analysis, as
appropriate. A two-sided P B 0.05 rule was uti-
lized as the criterion for rejecting no difference.

RESULTS

Aim 1: Detection of New Cases of Diabetes

We obtained anonymized data for 103,425
requests for primary care patients; 224 (0.22%)
met the study inclusion criteria. Table 1 shows
the patient characteristics. Of the 224 eligible
patients, 15 (7%) had both abnormal HbA1c
C 6.5% (48 mmol/mol) and fasting glu-
cose C 126 mg/dl (7 mmol/l) and were identi-
fied as new cases of diabetes. In 17 patients, one
of the two tests was abnormal and two (1%)
were diagnosed through a second request. In six
cases, the second HbA1c sample did not confirm
the diagnosis of diabetes. No second sample was
available for the remaining nine.

The rate of diagnosis in the 224 requests
among subjects between 25 and 45 years old
with abnormal lipid testing was 7.6%, as 17
patients were diagnosed with diabetes through
the intervention.
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Table 1 shows the HbA1c, fasting glucose,
triglyceride and cHDL median values for
patients with diabetes and prediabetes. HbA1c
and glucose were significantly higher and cHDL
was significantly lower than in non-diabetic
patients (P\0.05).

One hundred forty-nine (66.5%) patients
were diagnosed with prediabetes at a cost of
2.3€ per identified case.

Figure 1 shows the strategy graphically.

Aim 2: Improvement of Diabetes
Monitoring

LIS captured anonymized information from
178,177 requests for primary care patients in
the 2-year study period, and diabetes was the
reason behind testing for 13,874 (7.8%)
requests. The median age of these patients was

68 years (P25-P75: 59–77), and 55.6% were
male.

From the 13,874 requests, 1661 (12.0%)
resulted in at least one abnormal test result.
Among those automatically registered to com-
ply with guidelines, Table 2 shows the number
of tests that were automatically added through
our strategy and their mean values.

With an expense of 1948.9€, the strategy
ensured that all primary care patients who
underwent laboratory testing because of dia-
betes met clinical guidelines.

DISCUSSION

Automated laboratory strategies, through the
additional tests requested and performed and
results reported, can detect new cases of dia-
betes and prediabetes in a certain patient

Table 1 Age, sex and HbA1c and fasting glucose median values, according to diabetes status

Total
(N = 224)

Diabetic
(N = 17)

Prediabetic
patients
(N = 149)

Non-diabetic
(N = 58)

P

Age (median, IQR) 39 (36–43) 41.7 (38–44) 39 (36–42) 39 (33–42) 0.400

Sex (N, %)

Male 175 (78.1%) 13 (80%) 117 (78.5%) 45 (76.7%)

Female 49 (21.9%) 4 (20%) 32 (21.5%) 13 (23.3%)

HbA1c (median, IQR) \ 0.05

% 5.71 (5.46–6.01) 7.86 (6.98–8.41) 5.83 (5.57–6.01) 5.46 (5.31–5.58)

mmol/mol 39 (36–42) 62 (53–68) 40 (38–42) 36.2 (34.5–37.5)

Glucose (median, IQR) \ 0.05

mg/dl 102.0

(89.0–112.0)

190.5 (143–272) 105 (101–112) 83 (78.0–91.0)

mmol/l 5.7 (4.9–6.2) 10.6 (7.9–15.1) 5.8 (5.6–6.2) 4.6 (4.3–5.0)

Triglicerides (median,

IQR)

0.494

mg/dl 273 (197–341) 273 (194–440) 292 (223–355) 266 (191–331)

c-HDL (median, IQR) \ 0.05

mg/dl 32.5 (29.1–35.7) 28.3 (25.7–33.6) 31.7 (29.4–35.4) 33.4 (29.5–39.3)
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population and can help to monitor the disease
in compliance with guidelines [1, 2, 16].

Diabetes is reaching epidemic proportions
worldwide. Any efforts to ensure early diagnosis
and correct management will have a major
impact on the long-term health of the diabetic
population and consequently on health costs.
There are no ‘‘magic bullets,’’ but the multiple
interventions of all stakeholders involved in the
diagnosis and management of this disease could
overall result in major improvements in care
[17].

The early identification of individuals with
diabetes is a crucial action to reduce the overall
burden of the disease [18]. Early detection and
therefore prompt initiation of treatment can
delay the progression of the disease and reduce
the risk of complications related to diabetes
[19]. We previously presented an intervention
to identify subjects through a prospective mea-
surement of HbA1c in every primary care
patient [ 45 years old, at a cost of 85.4€ per

identified case [13]. Although we did not take
into the account the potential additional costs
of earlier diagnosis, in terms of health care
provision (medication, increased appointments,
etc.), the current intervention is even more
efficient because the cost of detected cases is
lower and younger individuals are identified,
making this strategy very attractive.

Once again, through investments in the
clinical laboratory via the automated registra-
tion of additional laboratory tests, we are
improving patient diagnosis [13, 20, 21] and
treatment [21].

The diabetes guidelines are used to prevent
diabetes-related morbidity by preventing com-
plications such as retinopathy, nephropathy
and neuropathy. However, guidelines are not
correctly followed [9]. Numerous studies on
cardiovascular risk reduction have demon-
strated that better glycemic and lipid control
can substantially reduce the risk of complica-
tions from diabetes [22–24]. Additionally, there

Fig. 1 Strategy to detect new cases of type 2 diabetes and
prediabetes conditions. High-density lipoprotein choles-
terol (cHDL)\ 35 mg/dl (0.90 mmol/l). Triglyc-
erides[ 250 mg/dl (2.83 mmol/l). Glycated hemoglobin

(HbA1c): C 6.5% (48 mmol/mol); between 5.7% and
6.4% (39–46 mmol/mol); fasting glucose: 126 mg/dl
(7 mmol/l); between 100 mg/dl and 125 mg/dl
(5.6–6.9 mmol/l)
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is a proven relationship between healthy life-
style behaviors and cardiovascular risk factors
[25]. An early assessment and control of dia-
betes and adequate control of lipid levels may
delay the progression of vascular complications
and consequently improve patient outcomes
[22–24, 26, 27].

However, in our cohort, similar to those
reported in other studies in Spain [28] and in
other countries [29], HbA1c and lipid tests, and
especially ACR analyses, are under-requested,
which is totally inappropriate for controlling
and preventing kidney complications [30]. It is
difficult to know why primary care physicians,
who are at the front line of diabetes care, do not
follow guidelines on a daily basis. Factors such
as limited consultation time due to an over-
whelming burden of patients or difficulties in
the management of information systems could
constitute major impediments to meeting dia-
betes guidelines.

As we could not describe type 2 diabetes
detected by GPs in the same study period, we do
not know how closely the guidelines have been
followed. However, according our study results,
it is far from 100%.

Through our strategies, we achieved a
request that complied with the guidelines,
which could improve the course of the disease.
However, the results of our study could have
even more clinical implications since it is
known that patients with high comorbidity
rates are are less monitored in terms of HbA1c
and cLDL levels [7]. Considering this, we could
improve monitoring of the diabetes population
with high comorbidity rates.

The study had some limitations. Regarding
the first objective, we could have missed diag-
noses of diabetes as we never received the second
sample needed to confirm/discard diagnoses of
the disease in nine cases. Moreover, we could not
describe type 2 diabetes detected by GPs in the
same study period. Regarding the second objec-
tive, we also could have missed data because
including the reason for testing is optional for
GPs. Another limitation was that only process
metrics were evaluated in the study; we could not
study whether the improvement in diabetes
detection and monitoring positively affected
patient outcome. Moreover, replication of the
study would depend of the health care system
organization, and therefore transferability of the
results observed here to other countries than
Spain could be difficult. Finally, our project could
have taken a broader view of type 2 diabetes
treatment, and too much information is still
lacking for the calculated economic savings, as
we only included reagent costs, but not time and
other variables, and this may not apply to other
countries or settings, since our laboratory
belongs to the Public Health Network, where
reagent prices are very low.

CONCLUSION

In conclusion, the laboratory can play a crucial
role in the diagnosis and management of dia-
betes by using laboratory technology and
designing and implementing strategies for a
better adherence to guidelines.

Table 2 Requests with diabetes diagnosis adjusted
according to clinical guidelines

Number of
tests
automatically
registered

Median (P25–P75)
of results

HbA1c 91 6.8% (6.2%–7.8%)

51 (44–62) mmol/mol

Lipid profile 708

Cholesterol 172 (149–195) mg/dl

4.5 (3.9–5.1) mmol/l

cHLD 47.5 (39.2–58.5) mg/dl

1.2 (1.0–1.5) mmol/l

cLDL 94.0 (76.0–115.0) mg/dl

2.4 (2.0–3.0) mmol/l

Triglycerides 121.0 (89.0–168.0) mg/dl

1.4 (1.0–1.9) mmol/l

ACR 862 15.5 (6.7–48.2) mg/g Crea

1.8 (0.8–5.5) mg/mmol

Crea

ACR albumin-to-creatinine ratio
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15. Salinas M, López-Garrigós M, Gutiérrez M, et al.
Two minutes of monthly monitoring can ensure
quality laboratory service every day of the year. Lab
Med. 2010;41:360–3. https://doi.org/10.1309/
LM8OI14LCORJYHVY.

16. Fisterra.com (2018) Diabetes mellitus tipo 2. www.
fisterra.com/guias-clinicas/diabetes-mellitus-tipo-2/
#26612. Accessed Feb 2019.

17. Grimshaw JM, Shirran L, Thomas R, et al (2001)
Changing provider behavior: an overview of sys-
tematic reviews of interventions. Med Care 39:II2-45

18. Laiteerapong N, Cifu AS. Screening for prediabetes
and type 2 diabetes mellitus. JAMA. 2016;315:697.
https://doi.org/10.1001/jama.2015.17545.

19. Marchesini G, Pasqualetti P, Anichini R, et al.
Patient preferences for treatment in type 2 diabetes:
the Italian discrete-choice experiment analysis.
Acta Diabetol. 2018. https://doi.org/10.1007/
s00592-018-1236-6.
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