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Abstract
Background: Our aim was to analyze both metabolic control and chronic complications of type 2
diabetes mellitus (T2D) patients regularly attended in primary care during a 3 years of follow-up
in the Community of Madrid (Spain).
Methods: From 2007 to 2010 we prospectively included 3268 patients with T2D attended by
153 primary care physicians from 51 family health centers. An prospective cohort study with
annual evaluation over 3 years to the same population was performed. We measured the goals
of control in diabetic patients and the incidence of chronic complications of diabetes during
the study period.
Results: A significant decrease in serum glucose levels (143 ± 42 mg/dl vs 137 ± 43 mg/dl,
p < 0.00), HbA1c (7.09 ± 1.2% vs 7.02 ± 1.2%, p < 0.00), total cholesterol (191.4 ± 38 mg/dl vs
181.5 ± 36 mg/dl, p < 0.00), LDL cholesterol (114.7 ± 31 mg/dl vs 105.5 ± 30 mg/dl, p < 0.00)
and triglyceride levels (144.5 ± 93 mg/dl vs 138 ± 84 mg/dl, p < 0.00) during study period was
documented. On the contrary, a significant elevation in HDL cholesterol levels was observed
(49.2 ± 14 mg/dl vs 49.9 ± 16 mg/dl, p < 0.00). The incidence of diabetic complications throughout the study period was low, with a incidence of coronary heart disease of 6.2%, peripheral
arterial disease 3%, ischemic stroke 2.8%, diabetic foot 11.2%, nephropathy 5.9%, retinopathy
4.5%, and neuropathy 3%.
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Conclusion: Metabolic control in T2D patients attended in primary care in the Community of
Madrid throughout 3 years is adequate and is accompanied by low percent of chronic diabetic
complications during this period of follow-up.
© 2013 SEEN. Published by Elsevier España, S.L. All rights reserved.
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Control metabólico y complicaciones crónicas durante un período de 3 años en una
cohorte de pacientes diabéticos tipo 2 atendidos en asistencia primaria en la
Comunidad de Madrid (España)
Resumen
Antecedentes: Nuestro objetivo ha sido analizar el control metabólico y las complicaciones
crónicas de pacientes con diabetes mellitus tipo 2 (DM2) que acudían regularmente a consultas
de asistencia primaria durante 3 años de seguimiento en la Comunidad de Madrid (España).
Métodos: Desde 2007 a 2010, 153 médicos de asistencia primaria de 51 centros de salud familiares incluyeron prospectivamente 3268 pacientes con DM2. Se realizó un estudio de cohorte
prospectivo con evaluación anual de la misma población durante 3 años. Se determinaron los
objetivos de control y la incidencia de complicaciones crónicas de la diabetes.
Resultados: Se comprobaron descensos significativos de los niveles séricos de glucosa
(143 ± 42 mg/dl frente a 137 ± 43 mg/dl, p < 0,00), HbA1c (7,09 ± 1,2% frente a 7,02 ± 1,2%,
p < 0,00), colesterol total (191,4 ± 38 mg/dl frente a 181,5 ± 36 mg/dl, p < 0,00), colesterol LDL
(114,7 ± 31 mg/dl frente a 105,5 ± 30 mg/dl, p < 0,00) y triglicéridos (144,5 ± 93 mg/dl frente a
138 ± 84 mg/dl, p < 0,00) durante el período del estudio. Por el contrario, se observó una elevación significativa de los niveles de colesterol HDL (49,2 ± 14 mg/dl frente a 49,9 ± 16 mg/dl,
p < 0,00). La incidencia de complicaciones diabéticas durante el período del estudio fue baja:
enfermedad coronaria 6,2%, enfermedad arterial periférica 3%, ictus isquémico 2,8%, pie diabético 11,2%, nefropatía 5,9%, retinopatía 4,5% y neuropatía 3%.
Conclusión: El control metabólico de los pacientes con DM2 atendidos en asistencia primaria
en la Comunidad de Madrid durante 3 años era adecuado e iba acompañado de un porcentaje
bajo de complicaciones crónicas durante este período de seguimiento.
© 2013 SEEN. Publicado por Elsevier España, S.L. Todos los derechos reservados.

Introduction
Type 2 diabetes mellitus (T2D) is one of the chronic diseases that have increased both its prevalence and incidence
in the last 50 years.1,2 The prevalence is about 5% and its
incidence varies from 12 to 36 per 10,000 inhabitants per
year. In Spain the prevalence of T2D is around 6%, with
a range from 4.8% to 18.7%, according to the population
studied population.3 The PREDIMERC study the Community
of Madrid refers a global prevalence of T2D of 8.1%, being
higher in men (10.2%) compared to women (6%).4
Epidemiological evidence indicates that T2D is an independent risk factor for macrovascular and microvascular
disease. Cardiovascular disease is one of the main causes
of increased morbidity and death of T2D population. The
cardiovascular risk is two-fold in T2D than in people without
diabetes. In our National Health Care System, the diagnosis, treatment and follow-up of the majority of T2D patients
rests on the primary care physician. Only those T2D patients
with chronic complications or with difficulties in clinical
management are referred to the endocrinologist. T2D is
a complex disease which requires an intensive, individual
approach and multidisciplinary management.5---7 It has been
demonstrated that intensified treatment of T2D with adequate control of blood pressure, body mass index, serum
glucose, and lipid profile is beneficial to prevent chronic

complications.7---11 That is why the appropriate metabolic
control with reduction and prevention of the cardiovascular
risk factors have been considered the first line of treatment
for T2D.12
Our aim was to analyze the grade of metabolic control
and the chronic complications evolution in the setting of
clinical practice in primary care through 3 years of followup.

Patients and methods
Studied cohort
The Diabetes Type 2 Study (Evolution Study Diabetes 2)
is an observational, prospective cohort study of 3268 T2D
outpatients sampled from 56 primary health care centers recruited from the metropolitan urban area of Madrid
(Spain). Study patients were selected by simple random
sampling by participating general practitioners (n = 163)
using the list of patients with a T2D diagnosis in their computerized clinical records. Data were collected by general
practitioners at baseline visit (2007) and annually during the
follow-up period (2007---2010). These data were recorded
in electronic Case Report Forms. After collection, all data
were internally audited to ensure quality. This involved randomly selecting 50 of the participating general practitioners
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and reviewing the clinical records they produced. There
was strong data consistency (higher than 88% for all variables). The study was approved by the Institutional Review
Board of the Ramón y Cajal Hospital (Madrid, Spain) and conducted in accordance with the principles of the Declaration
of Helsinki.

Physical examination and analytical study
All patients were subjected to anamnesis, physical examination, and biochemical tests. The following variables were
collected at baseline visit: age, gender, and duration of
T2D (years). Further data were collected at baseline and
each follow-up visit: fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), systolic (SBP) and diastolic blood
pressure (DBP), total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), smoking status (current
smoker, former smoker, non-smoker), body mass index (BMI),
and history of cardiovascular events (myocardial infarction
or stroke).
BMI was calculated as weight/height2 (kg/m2 ). Those
patients with BMI ≥30 kg/m2 were considered obese.
Blood pressure was measured using a checked, calibrated sphygmomanometer. After a 5-min rest period a
first reading was taken, followed by a second reading
5 min later. The mean result was then calculated, and
parameters of good control were: baseline FPG level
<126 mg/dl, HbA1c level of <7%, TG <150 mg/dl, TC
<200 mg/dl, LDL-C <100 mg/dl and HDL-C >50 mg/dl for
women and >40 mg/dl for men. HbA1c was measured using
high performance liquid chromatography (Diabetes Control and Complications Trial [DCCT]-aligned). We assessed
the prevalence of chronic complications such as previously
reported.13

Statistical analysis
Data are expressed as mean (mean ± standard deviation
(SD)) for quantitative variables of normal distribution,
as median (interquartile range) for quantitative variables
of normal distribution and as absolute number and percentage (%) for qualitative variables with its confidence
interval (CI) 95% of the analyzed independent variables on
the dependent variable. Incident of diabetic complications
was analyzed using adjusted hazard ratios (HR) and corresponding 95% CI were estimated using an extension of
Cox proportional hazards models for updated variables.
The analysis of the results with hierarchical or multilevel
models was unnecessary because there is no evidence that
the variance between the primary health care centers
for the HbA1c variable is different from zero (p = 0.34);
and the coefficient correlation intraclass has a value of
0.036. The comparative study of quantitative variables of
normal distribution test was performed using Student’s
t-test. Finally, for comparison of proportions or percentages of qualitative variables chi-squared test was used.
A value of p < 0.05 was considered statistically significant.
All statistical analyses were performed using SPSS (Statistical Package for the Social Sciences for Windows, version
19.0).
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Table 1
study.

Evolution of biochemical parameters during the
Mean ± SD

Fasting plasma glycemia (mg/dl)
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from Basal-3 years

143.3 ± 42
141.5 ± 41
139.7 ± 42
137.9 ± 43
−5.37 (46.4)

HbA1c (%)
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from Basal-3 years

7.09 ± 1.28
7.02 ± 1.24
7.04 ± 1.24
7.02 ± 1.21
−0.062 (1.14)

Cholesterol (mg/dl)
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from Basal-3 years

191.4 ± 38.3
187.5 ± 36.4
183.9 ± 35.8
181.5 ± 36.1
−9.91

Cholesterol LDL (mg/dl)
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from Basal-3 years

114.7 ± 31.7
110.9 ± 30.9
107.4 ± 30.8
105.5 ± 30.4
−9.22 (31.5)

Cholesterol HDL (mg/dl)
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from Basal-3 years

49.2 ± 14.6
50.1 ± 14.2
50.3 ± 16.3
49.9 ± 16
+0.7 (14.7)

Triglycerides (mg/dl)
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from Basal-3 years

144.5 ± 93.1
141 ± 94
138.5 ± 88.3
138.8 ± 84.2
−5.6

p value

0.000

0.002

0.000

0.000

0.006

0.000

Results
We recruited 3268 patients with T2D (mean age 68.8 ± 10.9
years); 49.7% women and 50.3% men; median duration of the
disease 6 years (range, 1---35 years). Table 1 shows the evolution of biochemical parameters during the study period.
A significance decrease in FPG levels (from 143.3 mg/dl
to 137.0 mg/dl, p < 0.00), HbA1c (from 7.09% to 7.02%,
p < 0.00), TC (from 191.4 mg/dl to 181.5 mg/dl, p < 00),
LDL-C (from 114.7 to 105.5 mg/dl, p < 0.00) and TG (from
144.5 mg/dl to 138.8 mg/dl, p < 0.00) was observed. On the
contrary, a significantly elevation in HDL-C levels (from
49.2 mg/dl to 49.9 mg/dl, p < 0.00) was documented.
Table 2 shows the percentage of T2D patients who
reached treatment goals of the American Diabetes Association (ADA).14 There was an increment of 4.9% of patients
with FPG <100 mg/dl, 2% with HbA1c <7%, 11.2% in TC, 11.9%
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Table 2 Goal achievement % of T2D patients with standards of Medical Care in Diabetes Care 2012.
Goal
achievement (%)
Fasting plasma glycemia
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from basal
HbA1c (<7%)
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from basal

(<100 mg/dl)
8.6
10.1
11.7
13.7
+4.9
54.3
56.4
55.4
56.3
+2

Total cholesterol (<200 mg/dl)
Basal
60.9
Follow-up 1st year
64.2
Follow-up 2nd year 68.7
Follow-up 3rd year
71.1
+11.2
Change from basal
LDL-cholesterol (<100 mg/dl)
Basal
32.7
37.4
Follow-up 1st year
Follow-up 2nd year 42.1
Follow-up 3rd year
44.6
Change from basal
+11.9

p value
(versus basal)

Systolic blood pressure (<130 mmHg)
Basal
35.3
Follow-up 1st year
37.2
Follow-up 2nd year 39.6
Follow-up 3rd year
39.3
Change from basal
+4.0
Diastolic blood pressure
Basal
Follow-up 1st year
Follow-up 2nd year
Follow-up 3rd year
Change from basal

(<80 mmHg)
51.4
56.3
60.2
60.6
+9.2

Goal
achievement (%)

p value
(versus basal)

0.000

Body mass index (<25 kg/m2 )
Basal
62.7
Follow-up 1st year
62.9
Follow-up 2nd year
64.0
Follow-up 3rd year
64.1
Change from basal
+1.4

0.028

Waist circumference (<94 cm, men; <80 cm, women)
Basal
11.1
Follow-up 1st year
10.6
Follow-up 2nd year
10.6
Follow-up 3rd years
10.8
0.685
Change from basal
−0.3

0.000

0.000

HDL-cholesterol (>40 mg/dl, men; >50 mg/dl, women)
57.3
Basal
Follow-up 1st year
60.1
Follow-up 2nd year 60.3
58.7
0.08
Follow-up 3rd year
Change from basal
+1.4
Triglycerides (<150 mg/dl)
66.0
Basal
Follow-up 1st year
68.6
Follow-up 2nd year 68.9
Follow-up 3rd year
69.2
Change from basal
+3.2

Table 2 (Continued)

0.000

0.000

0.000

0.011

in LDL-C, 1.4% in HDL-C, 3.2% in TG. There was also a significant increment of T2D patients with adequate degree
of control in both SBP (4%), DBP (9.2%) and normal weight
(1.4%). There was no change in waist circumference. The
number of smokers decreased about 3%, with a final percentage of smokers around 11%.
In Table 3 we can see the incidence of complications
through 3 years of follow-up in our T2D population. It is
important to point out the high incidence of hypercholesterolemia and hypertension and diabetic foot, especially
when we study the DM2 susceptible of the complication as
we can see.

Discussion
We here report the results of the annual monitoring for 3
consecutive years of a cohort of 3268 T2D patients followed
in daily clinical practice by primary care family physicians
in the Community of Madrid (Spain). We have previously
reported the degree of control of cardiovascular risk factors and prevalence of chronic complications in people with
T2D in our community.13 We think that our results are interesting because, this is the first report of a important cohort
of T2D, during long time (3 years of evolution), and they
represent the real clinical practice of T2D and show the
clinical evolution and metabolic objectives of diabetes in
all the Community of Madrid. We found a good metabolic
control in our T2D population with persistence over time
along with a low incidence of chronic complications of T2D
in the long term, as it has been previously reported in
Japanese population.15 There are not many studies reported
on chronic complications or they do not cover all the communities. The majority of them have been performed either
in hospital population or in a low number of diabetics.16---18
In our survey, it is noteworthy the high number of recruited
diabetics with a 3-year follow-up. It allows us to know not
only the degree of metabolic control and health indicators in
our T2D population but also the incidence of the chronic diabetic complications. We could compare with other recently
published studies that also analyze the clinical practice in
primary care and, in the future compare ethnical differences
between groups or cultures.15
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Incidence of chronic diabetic complications through 3 years of follow-up.

Type of comorbidity

N

Percentage of patients

Percentage of susceptible patients

Hypertension
Hypercholesterolemia
Chronic heart failure
Acute myocardial infarction
Peripheral arteriopathy
Stroke
Nephropathy
Retinopathy
Neuropathy
Lower limb amputation
Renal insufficiency
Diabetic foot
Metabolic syndrome

262
321
141
75
104
98
207
155
105
24
189
389
265

7.5
9.2
4.0
2.2
3.0
2.8
5.9
4.5
3.0
0.7
5.4
11.2
7.6

22.1
19.3
4.3
2.3
3.1
3.0
6.5
4.8
3.2
0.7
5.8
12.2
10.0

It is also important to point out the increase of the
number of diabetics who reached a normal BMI <25 kg/m2 ;
however, the waist circumference did not modify, indicating that the reduction in BMI was not due to the loss of
abdominal fat loss, a well known and established risk factor
for insulin resistance and cardiovascular disease.
Lim et al. have reported that the first 7 days after
reduced energy intake, fasting blood glucose and hepatic
insulin sensitivity fell to normal and intrahepatic lipid
decreased by 30%.19 Over the 8 weeks of dietary energy
restriction, beta cell function increased toward normal and
pancreatic fat decreased.20 Though a restriction of dietary
energy intake in individuals with T2D can return of a better
beta cell function and hepatic glucose output and could be
responsible, at least in part, by a better HbA1c.19,20
We found an improvement over time of the treatment
goals in our population. Both SBP and DBP significantly
improved achieving the goals in 39.3% and 60.6% for SBP
and DBP, respectively. This improvement was higher in DBP
than in SBP as it has been reported by others.21 Our results
regarding treatment goals related to blood pressure are better than others which got adequate good control of blood
pressure in 15.1% of T2D patients.22
We know from the United Kingdom Prospective Diabetes
Study (UKPDS), the first study that confirmed that T2D
patients with a better glycemic control, reduced the morbidity and mortality.9 Other studies as the STENO study
confirmed these results.23 On the contrary, the ACCORD
study has shown, the use of intensive therapy compared
with standard therapy to target normal HbA1c levels for 3.5
years increased mortality and did not significantly reduce
major cardiovascular events in patients with T2D.24 In our
study, we found that the mean HbA1c levels in T2D population were better than in other recent studies,23,24 and
this improvement continue over time, as have been previously reported.15 We got a high percentage (55.1%) of T2D
patients with HbA1c levels below <7% over the time of the
study. When we study the lipids levels, we observed that the
mean LDL-C significantly decreased over time with 44.6% of
T2D patients with LDL-C <100 mg/dl, this percentage was
higher than that found in other studies.23---27 An important
finding in our study, was the elevated percentage (69.2%) of
T2D patients who reached TG <150 mg/dl.

Another significant aim of this study was to know the incidence of chronic diabetic complications in our population.
It is important to note that we found a reduced incidence of
complications during the study period. We have previously
reported the low baseline prevalence of complications in
T2D in our population13 and we observed a similar prevalence of diabetic complications to other studies, except for
retinopathy that was lower (8%) than reported (10---30%).18,28
This could be explained by underdiagnosis,28 as the retinopathy study was not registered in all patients, being collected
only in 77.2% of patients. As we have referred previously, the
study was performed in routine clinical practice conditions
and not done in a specially selected study population. In
fact, the Rochester study,29 performed under routine conditions, showed a 4-year cumulative incidence similar to that
found in our study.6
Ours results are in follow-up year agreement with other
studies that suggested that recent improvements in diabetes care should decrease the progression of late diabetic
complications, as we can found in our study which showed
a low incidence of diabetic complications, along with and a
lower cardiovascular disease complications than the Oman
study.30
Our study has some limitations. One of them is the possibility of occurrence of selection bias of patients, assuming
that the consultant study population is not representative of
the target population. Another potential bias could be the
main motivation of the professionals for control and monitoring of people with T2D which could improve the results
of the study. We must also note the short time of followup for analyzing the development of chronic complications
of the disease. Another limitation of the study is that,
at baseline, the patients had an excellent control of the
disease. However, the study allows us to have a global
vision about the T2D in our population and to analyze the
evolution of those risk factors over time.8 It is important
to appreciate that the patients were following by primary care, for that reason, they are not representative
of the population normally attended by specialized care
which usually shows higher percentage of diabetic chronic
complications.
In summary, we conclude that the degree of metabolic
control in T2D patients attended by primary care in the
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Community of Madrid (Spain) is adequate improving over
time. On the other hand, the prevalence of chronic
complications of T2D patients in this population is low without significant changes in the period of 3 years of follow-up.
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Arrieta F, Salinero M, Piñera M, Botella-Carretero JI, Iglesias P,
Abanades JC, et al. Estudio descriptivo de la evolución clínicoasistencial de la población con diabetes tipo 2 en la Comunidad
de Madrid. Estudio de seguimiento diabético tipo 2 (ESD2). Av
Diabetol. 2011;27:53---60.
Yokoyama H, Matsushima M, Kawai K, Hirao K, Oishi M,
Sugimoto H, et al. Low incidence of cardiovascular events
in Japanese patients with type 2 diabetes in primary care
settings: a prospective cohort study (JDDM20). Diabet Med.
2011;28:1221---8.
de Pablos Velasco P, Franch J, Banegas Banegas JR, Fernández
Anaya S, Sicras Mainar A, Díaz Cerezo S. Cross-sectional epidemiological study of clinical profiles and glycemic control in
diabetic patients in primary care in Spain (the EPIDIAP study).
Endocrinol Nutr. 2009;56:233---40.
Regidor E, Franch J, Seguí M, Serrano R, Rodríguez F, Artola
S. Traditional risk factors alone could not explain the excess
mortality in patients with diabetes: a national cohort study of
older Spanish adults. Diabetes Care. 2012;35:2503---9.
Benito López P, García Mayor R, Puig Domingo M, Mensa Manteca
J, Pallardo Sánchez LF, et al. Perfil de los pacientes con diabetes
mellitus tipo 2 en la Atención Primaria española. Rev Clin Esp.
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