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The mas sive increases in tobacco use since the 1970s, 
especially in men in less developed countries, might 
reverse this trend over the next decade or so.65

One million more deaths from injuries occurred in 
2010 (5·1 million) than two decades earlier, a 24% 
increase (table 2). This was driven primarily by a 
420 600 increase in road traffi  c deaths, which claimed 
1·3 million lives in 2010. Falls also claimed an additional 
191 900 lives compared with 1990, with most other 
ac ci dental causes being relatively constant, or decreasing, 
especially drowning. Deaths from intentional injuries 
increased for both self-harm and interpersonal violence. 
Deaths from forces of nature, war, and legal intervention 
were more than twice as common than two decades 
earlier. Given the huge annual fl uctuation in deaths from 
forces of nature and war, trends must be interpreted with 
caution. The fact that deaths from injuries are rising, and 
account for one in ten deaths worldwide, argues for far 
greater policy action to prevent them.

Trends in numbers of deaths are of interest and impor-
tance for health services and health policies that are 
designed to reduce premature mortality from various 

causes. Yet numbers of deaths alone do not provide a clear 
indication of whether disease control strategies are 
working since they are heavily dependent on changes in 
population size and age structure. By computing age-
standardised mortality rates, we eff ectively controlled for 
demographic changes across populations over time; 
however, age-standardised death rates are sensitive to the 
population standard used. Changes in age-standardised 
mortality rates between 1990 and 2010 are shown in the 
right hand panels of table 2. Death rates from all 
communicable, maternal, neonatal, and nutritional dis-
orders have decreased by 30% since 1990, a much greater 
reduction than sug gested from numbers of deaths alone 
(table 2). The age-standardised death rate from diarrhoeal 
diseases fell by 49%, whereas lower respira tory infections 
decreased by 34%. Interestingly, age-standardised death 
rates from trachea, bronchus, and lung cancers fell by 8% 
between 1990 and 2010, despite a 47% increase in numbers 
of deaths, due to continued decreases in mortality in 
developed countries and more modest increases in less 
developed countries where the full impact of smoking, 
especially in men, has yet to occur. Breast cancer mortality 

Figure 4: Global death ranks with 95% UIs for the top 25 causes in 1990 and 2010, and the percentage change with 95% UIs between 1990 and 2010
UI=uncertainty interval. COPD=chronic obstructive pulmonary disease. *Includes birth asphyxia/trauma. An interactive version of this fi gure is available online at 
http://healthmetricsandevaluation.org/gbd/visualizations/regional.
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2012 2014

Rango Causa Tasa	de	
mortalidad	
bruta	

Rango Causa Tasa	de	
mortalidad	
bruta	

Total 872,9 852,1

1 Cáncer 231,5 1 Cáncer 228,8

2 Enfermedades	del	corazón 176,1 2 Enfermedades	del	corazón 171,6

3 Enfermedades	cerebrovasculares 63,9 3 Enfermedades	cerebrovasculares 59,4

6 Diabetes	mellitus 21,6 7 Diabetes	mellitus 20,7

Principales	causas	de	muerte	en	España	en	2014.	Tasa	de	mortalidad	bruta	por	100.000	habitantes,	
según	causa	de	muerte.	

Patrones de mortalidad 
en España, 2012 

GOBIERNO  MINISTERIO 
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participants on the basis of previous vascular disease; 
(2) recorded cause-specifi c mortality or vascular morbidity, 
or both, using well defi ned criteria; and (3) accrued more 
than 1 year of follow-up. For registration of fatal outcomes, 
all contributing studies used coding from the International 
Classifi cation of Diseases (ICD) to at least three digits (or 
using study-specifi c classifi cation systems), and ascer-
tainment was based on death certifi cates. The webappendix 
(pp 17–20) provides details of the 102 contributing studies 
that had information at baseline on history of diabetes and/
or fasting blood glucose concentration (measured ≥8 h or 
overnight fasting). Acronyms and references for 
contributing studies are shown in the webappendix 
(pp 32–38). 

Statistical analyses
We assessed baseline diabetes status (defi ned by self-
report, medication usage, and/or baseline fasting blood 
glucose concentration ≥7 mmol/L) in relation to coronary 
heart disease (fi rst-ever myocardial infarction or fatal 
coronary heart disease); stroke subtypes (fatal or non-fatal 
ischaemic, haemorrhagic, or unclassifi ed stroke); and 
deaths attributed to the aggregate of other vascular 
disorders (consisting of heart failure, cardiac dysrrhythmia, 
sudden death, hypertensive disease, pulmonary embolism, 
and aortic aneurysm; webappendix p 21). We used a two-
stage approach for analysis, with estimates of association 
calculated separately within each study, then pooled across 
studies by random-eff ects meta-analysis.12,13 Hazard ratios 
(HRs) were calculated with Cox proportional hazards 
regression models that were stratifi ed by sex (and, in the 
few contributing trials, stratifi ed by allocated treatment 
group). We excluded studies with fewer than 11 cases of an 
outcome from the analysis of that outcome. In the fi gures 
presented, sizes of data markers are proportional to the 
inverse of the variance of the HRs. Participants contributed 
only their fi rst non-fatal vascular outcome or death 

recorded at age 40 years or older (ie, deaths preceded by 
non-fatal vascular events were not included in the analyses). 
For the three individually matched nested case-control 
studies within prospective cohorts, we calculated odds 
ratios with conditional logistic regression. Since only 
60 760 participants had LDL cholesterol concentrations 
that had been directly measured, we used non-HDL 
cholesterol as the principal marker of cholesterol content 
in proatherogenic lipoproteins. 

To characterise shapes of associations, study-specifi c 
HRs calculated within overall categories of baseline blood 
glucose concentration were pooled on the log scale, by 
multivariate random-eff ects meta-analysis, and plotted 
against pooled mean concentrations within each category. 
To restrict potential bias related to having a diagnosis of 
diabetes (eg, medication use, changes in lifestyle), we 
assessed separately individuals with and without a history 
of diabetes at baseline. 95% CIs were estimated from the 
variances that show the amount of information underlying 
each group (including the reference group).14 We 
investigated eff ect-modifi cation with formal tests of 
interaction, and calculated p values for interaction using 
continuous variables, when appropriate. Diversity between 
studies was investigated by grouping studies with recorded 
characteristics and meta-regression. We adjusted HRs for 
baseline age, sex, smoking status, BMI, systolic blood 
pressure, and lipids (and, in supplementary analyses, for 
additional factors). Evidence of association was shown by 
the Wald χ² statistic and of heterogeneity by the I² 
statistic.15 We calculated measures of discrimination for 
censored time-to-event data (Harrell’s C index) and 
reclassifi cation, with methods described previously.16 We 
estimated population-attributable fractions with HRs for 
vascular death,17 and undertook sensitivity analyses 
allowing for potential misclassifi cation of diabetes. 
Regression dilution ratios were obtained by regressing 
serial measurements taken from 307 517 participants 
(mean interval 2·6 years) on baseline levels of the relevant 
characteristic and duration of follow-up. In further 
analyses, we corrected for regression dilution in fasting 
blood glucose concentration and covariates, with methods 
described previously.12 We did all analyses using Stata 
(version 11). This study was approved by the 
Cambridgeshire ethics review committee.

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. NS and JD had full access to all 
data in the study and had fi nal responsibility to submit 
for publication.

Results
102 studies had relevant information for this analysis. 
From these studies, 698 782 participants had no history 
of myocardial infarction, angina, or stroke at initial 
examination. 410 299 of these had information recorded 

Figure 1: Hazard ratios (HRs) for vascular outcomes in people with versus those without diabetes at baseline
Analyses were based on 530 083 participants. HRs were adjusted for age, smoking status, body-mass index, and 
systolic blood pressure, and, where appropriate, stratifi ed by sex and trial arm. 208 coronary heart disease outcomes 
that contributed to the grand total could not contribute to the subtotals of coronary death or non-fatal myocardial 
infarction because there were fewer than 11 cases of these coronary disease subtypes in some studies. *Includes 
both fatal and non-fatal events.

Number
of cases

HR (95% CI) I² (95% CI)

Coronary heart disease* 26 505 2·00 (1·83–2·19) 64 (54–71)
Coronary death 11 556 2·31 (2·05–2·60) 41 (24–54)
Non-fatal myocardial infarction 14 741 1·82 (1·64–2·03) 37 (19–51)

Stroke subtypes*   
Ischaemic stroke 3799 2·27 (1·95–2·65) 1 (0–20)
Haemorrhagic stroke 1183 1·56 (1·19–2·05) 0 (0–26)
Unclassified stroke 4973 1·84 (1·59–2·13) 33 (12–48)

Other vascular deaths 3826 1·73 (1·51–1·98) 0 (0–26)

1 2 4

The Emerging Risk	Factors	Collaboration. Lancet.	2010;	375(9733):	2215–2222. JF	Ascaso HCU-UV



Statistical analysis. The statistical Package for Social
Sciences (SPSS) for Windows, version 15.0 (SPSS,
Chicago, Illinois) was used for all analyses. Contin-
uous variables were presented as the mean value !
1 SD; comparisons were conducted by Student t
test or nonparametric Wilcoxon test for violations
of assumptions of normality or heterogeneity. Dis-
crete variables were presented as percentages and
relative frequencies; comparisons were conducted
by chi-square statistics or the Fisher exact test as
appropriate. Multivariable logistic regression anal-
yses were performed to identify independent pre-
dictors of hs-CRP elevation, multiple plaque rup-
tures, and TCFA. Univariable analyses were first
conducted to identify potential risk factors for
hs-CRP elevation, multiple plaque ruptures, and
TCFA. The likelihood ratio test was used, and the
variables with a p value of "0.2 were included in
the multivariable model. Finally, a stepwise logistic
regression was performed. The least significant
variable was dropped at each step until only covari-
ates with p " 0.05 remained; p " 0.05 was con-
sidered statistically significant.

R E S U L T S

Patient characteristics. The baseline characteristics are
summarized in Table 1. There was a female predom-

inance in diabetic group. Diabetic patients had more
hypertension and more family history of coronary
artery disease compared with nondiabetic patients.
Diabetic patients had lower ejection fraction and
hemoglobin levels, and higher triglyceride and hs-
CRP levels compared with nondiabetic patients.
Angiographic and procedural results. Angiographic
findings are summarized in Table 2. There were no
significant differences in culprit lesion distribution,
lesion location, TIMI flow grade, reference diame-
ter, minimal lumen diameter, and percent diameter
stenosis. However, multivessel disease was observed

Figure 1. Ruptured Plaque Cavity, Residual Fibrous Cap, and
Surrounding Thrombus

An example of ruptured plaque cavity, residual fibrous cap, and surrounding
thrombus in 71-year-old diabetic patient presented with non–ST-segment
elevation myocardial infarction. A ruptured plaque contained a cavity that
communicated with the lumen with an overlying residual fibrous cap frag-
ment. Rupture sites separated by a length of artery containing smooth
lumen contours without cavities were considered to represent different
plaque ruptures (multiple plaque ruptures). Thrombus was an intraluminal
mass having a layered or lobulated appearance, evidence of blood flow
(microchannels) within the mass, and speckling or scintillation.

Figure 2. Images of TCFA

Grayscale intravascular ultrasound (IVUS) (A) and virtual histology
(VH)-IVUS (B) images of thin-cap fibroatheroma (TCFA). We used
VH-IVUS to classify the color-coded tissue into 4 major compo-
nents: green (fibrotic); yellow-green (fibro-fatty); white (dense cal-
cium); and red (necrotic core). We defined TCFA as a necrotic core
!10% of plaque area in at least 3 consecutive frames without
overlying fibrous tissue in the presence of !40% plaque burden.
Grayscale IVUS showed the large amount of heterogeneous plaque
(A), VH-IVUS showed a necrotic core-rich plaque without evidence
of fibrous cap (TCFA) (B).

J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 2 , N O . 3 , 2 0 0 9

M A R C H 2 0 0 9 : 3 3 9 – 4 9
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green (fibrotic)	
yellow-green (fibro-fatty)	
white (dense	cal- cium)	
red	(necrotic core).	

J	Am	Coll Cardiol Img 2009;2:339	– 49	

in patients with IVUS-detected thrombus com-
pared with patients without thrombus (3.9 ! 4.9
mg/dl vs. 1.9 ! 1.5 mg/dl, p " 0.022) (Fig. 5).

In subgroup analysis of 310 VH-IVUS subset, at
the minimum lumen sites, the absolute and percent
NC and DC areas were significantly greater in
diabetic patients compared with nondiabetic pa-
tients; conversely, percent FT area was significantly
smaller in diabetic patients compared with nondia-
betic patients (Fig. 6). At the largest NC sites, the
absolute and percent NC and DC areas were
significantly greater in diabetic patients compared
with nondiabetic patients (NC areas: 1.85 ! 0.92
mm2 vs. 1.14 ! 0.83 mm2, p # 0.001, 30.1 !
11.0% vs. 20.4 ! 9.6%, p # 0.001, respectively; and
DC areas: 0.92 ! 0.63 mm2 vs. 0.53 ! 0.54 mm2,
p # 0.001, 14.3 ! 7.9% vs. 10.9 ! 10.4%, p "
0.037, respectively); conversely percent FT and FF
areas were significantly smaller in diabetic patients
compared with nondiabetic patients (47.6 ! 11.2%
vs. 58.0 ! 11.5%, p # 0.001, and 7.8 ! 6.8% vs.
11.3 ! 9.2%, p " 0.007, respectively). The absolute

and percent NC and DC volumes were significantly
greater in diabetic patients compared with nondia-
betic patients; conversely, percent FT and FF vol-
umes were significantly smaller in diabetic patients
compared with nondiabetic patients (Fig. 7). The
percent NC area at the proximal reference sites
(11.6 ! 11.3% vs. 8.8 ! 8.5%, p " 0.041) and the
percent NC and DC areas at the distal reference
sites (12.9 ! 13.4% vs. 8.5 ! 10.2%, p " 0.009,
and 8.3 ! 11.7% vs. 2.6 ! 4.4%, p # 0.001,
respectively) were significantly greater in diabetic
patients compared with nondiabetic patients. At
least one TCFA and multiple TCFAs were ob-
served more frequently in diabetic patients com-
pared with nondiabetic patients (Fig. 8).

Multiple Plaque Ruptures

IVUS-Detected Thrombus

p=0.001

p=0.032

Diabetics   (n=47)
Non-diabetics (n=65)
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60

29

80

60

40

20

 0

80

60

40

20

 0

72

52
%

%

A

B

Figure 3. The Incidences of Multiple Plaque Ruptures and
Thrombus

The incidences of multiple plaque ruptures (A) and intravascular
ultrasound (IVUS)-detected thrombus (B) in 112 patients with
acute myocardial infarction with plaque ruptures. A ruptured
plaque contained a cavity that communicated with the lumen
with an overlying residual fibrous cap fragment. Rupture sites
separated by a length of artery containing smooth lumen con-
tours without cavities were considered to represent different
plaque ruptures (multiple plaque ruptures). Thrombus was an
intraluminal mass having a layered or lobulated appearance,
evidence of blood flow (microchannels) within the mass, and
speckling or scintillation. Multiple plaque ruptures (A) and
thrombus (B) were observed more frequently in diabetic
patients compared with nondiabetic patients.

Table 3. Intravascular Ultrasound Findings

Diabetic
Patients
(n ! 147)

Nondiabetic
Patients
(n ! 275) p Value

Reference

EEM CSA (mm2) 16.2! 5.4 18.2! 5.9 0.002

Lumen CSA (mm2) 10.0! 3.3 11.6! 4.1 #0.001

P&M CSA (mm2) 6.2! 3.3 6.7! 3.1 0.2

Plaque burden (%) 38.3! 10.7 37.2! 11.4 0.4

Minimum lumen site

EEM CSA (mm2) 14.8! 5.1 15.1! 4.8 0.19

Lumen CSA (mm2) 3.0! 2.2 3.9! 2.5 0.018

P&M CSA (mm2) 11.8! 4.5 11.2! 3.6 0.15

Plaque burden (%) 79.7! 9.8 74.2! 8.9 #0.001

IVUS lesion length (mm) 20.6! 11.2 19.9! 11.1 0.2

Distal reference

EEM CSA (mm2) 13.9! 5.4 14.7! 5.5 0.2

Lumen CSA (mm2) 8.3! 3.7 9.2! 3.3 0.021

P&M CSA (mm2) 5.7! 2.6 5.6! 3.1 0.8

Plaque burden (%) 40.2! 10.6 36.6! 11.1 0.004

Plaque morphology 0.12

Hypoechoic 91 (62) 165 (60)

Hyperechoic, noncalcified 22 (15) 53 (19)

Hyperechoic, calcified 27 (18) 33 (12)

Mixed 7 (5) 24 (9)

Remodeling pattern 0.12

Positive remodeling 47 (32) 75 (27)

Intermediate remodeling 40 (27) 59 (22)

Negative remodeling 60 (41) 141 (51)

Data are presented as the n (%) of patients or mean ! SD.
EEM " external elastic membrane; CSA " cross-sectional area; P&M "

plaque plus media; IVUS " intravascular ultrasound.
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Table 1. Characteristics of older women by presence or absence of diabetes and cardiovascular disease (CVDa) (N = 9218).

No Diabetes Diabetes

No CVD (n = 8181) History of CVD (n = 624) No CVD (n = 318) History of CVD (n = 95)

Age, years 75.065.2 77.066.1** 74.664.8 76.965.8**

Smoking statusb

Never 60.8 56.9 65.9 61.0

Former 29.3 33.9 27.1 24.2

Current 9.9 9.2 6.9 14.7

Smoking, lifetime pack-years 10.3619.5 13.0622.6** 9.2621.5 12.8621.7

Systolic blood pressure, mmHg 141619 144620** 145619** 148620**

Diastolic blood pressure, mmHg 7769 76610 78610 76611

Hypertension 51.0 55.1* 59.8** 63.2*

Physical activity, total kcal/weekc 1169 [504–2241] 880 [336–1866]** 837 [336–1774]** 605 [196–1374]**

Waist girth, cm 83.0611.2 84.0611.0* 91.3612.8** 92.2613.7**

Body mass index, kg/m2 26.364.6 26.164.7 28.665.3** 28.065.4**

Education, years 12.662.8 12.362.9** 12.362.6 12.262.9

Aspirin use 20.0 36.4** 16.3 31.6**

Values are mean 6 standard deviation (SD) or percentages.
*p,0.05,
**p,0.005 for pairwise comparison with no diabetes and no CVD category.
p values were based on t-tests and chi-square tests for trend for multilevel categorical variables.
aCVD was defined as myocardial infarction or stroke.
bFormer smoking was defined as at least 100 cigarettes for the all life. Chi-square tests for trend.
cPhysical activity expressed as median [25%–75%] and Mann-Whitney rank sum test performed.
doi:10.1371/journal.pone.0048818.t001

Figure 1. Survival curves according to the presence of diabetes or history of cardiovascular disease (CVD). a: Total mortality. b:
Cardiovascular disease mortality. c: Coronary heart disease (CHD) mortality.
doi:10.1371/journal.pone.0048818.g001
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from hyperglycemic crisis. When expressed in 
terms of the absolute number of cases (i.e., irre-
spective of changes in population size), the an-
nual numbers of cases of stroke, amputation, and 
end-stage renal disease increased by 59,703 cases, 
22,703 cases, and 32,434 cases, respectively, from 
1990 to 2010, whereas the number of acute myo-
cardial infarctions declined by 4379 cases and 

the number of deaths from hyperglycemic crisis 
declined by 529 deaths (Table 1 and Fig. 1A).

The greatest relative decreases were observed 
for acute myocardial infarction and death from 
hyperglycemic crisis, both of which declined by 
about two thirds (myocardial infarction, −67.8%; 
95% CI, −76.2 to −59.3; death from hyperglyce-
mic crisis, −64.4%; 95% CI, −68.0 to −60.9%), 
followed by stroke and amputation, each of 
which declined by about half (−52.7%; 95% CI, 
−64.4 to −40.9; and −51.4%; 95% CI, −68.2 to 
−34.5, respectively). The smallest decline was 
observed for end-stage renal disease (−28.3%; 
95% CI, −34.6 to −21.6). However, when change 
was measured from 1995 rather than 1990, the 
decline in end-stage renal disease was closer to 
the declines in the other complications. Sensitiv-
ity analyses, in which we modified the denomi-
nator for later surveys to account for the poten-
tial increases in detection in later years, also 
showed declines in rates of complications (Table 
S2 in the Supplementary Appendix).

The greatest declines in diabetes-related com-
plications, in both absolute and relative terms, 
were observed among persons 75 years of age or 
older, except in the case of end-stage renal dis-
ease (Table S3 in the Supplementary Appendix). 
Thus, by 2010, rates of amputation among older 
adults were similar to those among younger adults, 
and rates of death from hyperglycemic crisis were 
higher among younger adults than among older 
adults. In addition, differences between younger 
and older adults narrowed considerably for rates 
of acute myocardial infarction and stroke. End-
stage renal disease was the exception to these age-
related trends, with declines in rates among 
younger persons (20 to 44 years of age and 45 to 
64 years of age) but not in rates among older 
persons. However, when change was measured 
from 2000 rather than 1990, declines were seen 
across all age strata. The magnitude of the de-
clines did not differ appreciably according to sex 
or race (Tables S4, S5, and S6 in the Supplemen-
tary Appendix), with the exception of rates of 
acute myocardial infarction, for which sex-related 
differences narrowed.

In an analysis in which rates were expressed 
per 10,000 persons in the overall population 
(Table 2 and Fig. 1B) and the changing preva-
lence rate of diabetes was permitted to influence 
the rates of complications, the greatest relative 
declines in rates were observed for death from 
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Figure 1. Trends in Age-Standardized Rates of Diabetes-Related Complications 
among U.S. Adults with and without Diagnosed Diabetes, 1990–2010.

For rates of myocardial infarction, stroke, and leg amputation, numerators 
are from the National Hospital Discharge Survey; for rates of end-stage renal 
disease (ESRD), numerators are from the U.S. Renal Data System, and for 
rates of death from hyperglycemic crisis, numerators are from the National 
Vital Statistics System. Denominators are from the National Health Inter-
view Survey (Panel A) and the U.S. Census Bureau (Panel B). Circle size is 
proportional to the absolute number of cases (e.g., the number of cases of 
acute myocardial infarction ranges from 140,122 in 1990 to 135,743 in 2010, 
and the number of cases of death from hyperglycemic crisis ranges from 
2890 in 1990 to 2361 in 2010). Panel A shows trends for persons with dia-
betes, and Panel B shows trends for persons with or without diabetes.
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from hyperglycemic crisis. When expressed in 
terms of the absolute number of cases (i.e., irre-
spective of changes in population size), the an-
nual numbers of cases of stroke, amputation, and 
end-stage renal disease increased by 59,703 cases, 
22,703 cases, and 32,434 cases, respectively, from 
1990 to 2010, whereas the number of acute myo-
cardial infarctions declined by 4379 cases and 

the number of deaths from hyperglycemic crisis 
declined by 529 deaths (Table 1 and Fig. 1A).

The greatest relative decreases were observed 
for acute myocardial infarction and death from 
hyperglycemic crisis, both of which declined by 
about two thirds (myocardial infarction, −67.8%; 
95% CI, −76.2 to −59.3; death from hyperglyce-
mic crisis, −64.4%; 95% CI, −68.0 to −60.9%), 
followed by stroke and amputation, each of 
which declined by about half (−52.7%; 95% CI, 
−64.4 to −40.9; and −51.4%; 95% CI, −68.2 to 
−34.5, respectively). The smallest decline was 
observed for end-stage renal disease (−28.3%; 
95% CI, −34.6 to −21.6). However, when change 
was measured from 1995 rather than 1990, the 
decline in end-stage renal disease was closer to 
the declines in the other complications. Sensitiv-
ity analyses, in which we modified the denomi-
nator for later surveys to account for the poten-
tial increases in detection in later years, also 
showed declines in rates of complications (Table 
S2 in the Supplementary Appendix).

The greatest declines in diabetes-related com-
plications, in both absolute and relative terms, 
were observed among persons 75 years of age or 
older, except in the case of end-stage renal dis-
ease (Table S3 in the Supplementary Appendix). 
Thus, by 2010, rates of amputation among older 
adults were similar to those among younger adults, 
and rates of death from hyperglycemic crisis were 
higher among younger adults than among older 
adults. In addition, differences between younger 
and older adults narrowed considerably for rates 
of acute myocardial infarction and stroke. End-
stage renal disease was the exception to these age-
related trends, with declines in rates among 
younger persons (20 to 44 years of age and 45 to 
64 years of age) but not in rates among older 
persons. However, when change was measured 
from 2000 rather than 1990, declines were seen 
across all age strata. The magnitude of the de-
clines did not differ appreciably according to sex 
or race (Tables S4, S5, and S6 in the Supplemen-
tary Appendix), with the exception of rates of 
acute myocardial infarction, for which sex-related 
differences narrowed.

In an analysis in which rates were expressed 
per 10,000 persons in the overall population 
(Table 2 and Fig. 1B) and the changing preva-
lence rate of diabetes was permitted to influence 
the rates of complications, the greatest relative 
declines in rates were observed for death from 
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Figure 1. Trends in Age-Standardized Rates of Diabetes-Related Complications 
among U.S. Adults with and without Diagnosed Diabetes, 1990–2010.

For rates of myocardial infarction, stroke, and leg amputation, numerators 
are from the National Hospital Discharge Survey; for rates of end-stage renal 
disease (ESRD), numerators are from the U.S. Renal Data System, and for 
rates of death from hyperglycemic crisis, numerators are from the National 
Vital Statistics System. Denominators are from the National Health Inter-
view Survey (Panel A) and the U.S. Census Bureau (Panel B). Circle size is 
proportional to the absolute number of cases (e.g., the number of cases of 
acute myocardial infarction ranges from 140,122 in 1990 to 135,743 in 2010, 
and the number of cases of death from hyperglycemic crisis ranges from 
2890 in 1990 to 2361 in 2010). Panel A shows trends for persons with dia-
betes, and Panel B shows trends for persons with or without diabetes.
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between patients with type 1 diabetes and con-
trols, whereas patients with type 2 diabetes had 
less reduction in the rate of fatal outcomes than 
controls. The rate of nonfatal outcomes, however, 
was reduced to a greater degree among patients 
with either type of diabetes than in the respective 
matched control group. There remains a substan-
tial excess overall rate of all outcomes analyzed 
among persons with either type 1 diabetes or 
type 2 diabetes as compared with the general 
population. Although it is difficult to compare 
event-rate reductions across countries owing to 
differences in access to care, standards of clini-
cal care, and diagnostic criteria for diabetes, our 
findings are generally consistent with trends in 
overall mortality and cardiovascular disease asso-
ciated with diabetes that have been observed in 
North America and Europe.23-30

The changes observed in our study most likely 
reflect a combination of advances. The increas-
ing emphasis on integrated care of patients with 
chronic disease, improved patient education in 
disease management, and advancements in clini-
cal decision-making support have probably reduced 
the rates of cardiovascular complications among 
patients with diabetes.31 Advances in revascular-
ization and increased use of glucose-monitoring 
systems may have also played a role.32 Perhaps 
most important, improved management of risk 
factors such as hypertension, elevated levels of 
LDL cholesterol and glycated hemoglobin, and 
macroalbuminuria and the associated higher 
frequency of treatment with statins and antihy-
pertensive medications have transformed cardio-
vascular risk reduction.5,9,14,17,33,34 As is apparent 
from our data, rates of major cardiovascular risk 

Figure 1. Major Cardiovascular Outcomes in Patients with Type 1 Diabetes and Matched Controls.

Controls were matched for age, sex, and county. I bars represent 95% confidence intervals. 
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factors are gradually decreasing, with improved 
control in patients with type 1 diabetes and those 
with type 2 diabetes.

Heart failure has been a somewhat neglected 
complication of diabetes.23,35 Hospitalizations for 
heart failure did not decline significantly among 
either patients with type 1 diabetes or their 
matched controls. However, patients with type 2 
diabetes had a greater event-rate reduction than 
controls. These findings are somewhat surpris-
ing, because rates of hospitalization for coronary 
heart disease and acute myocardial infarction, 
as well as the number of persons with hyperten-
sion and the rate of macroalbuminuria (risk pre-
dictors for heart failure), have decreased to a 
greater degree among patients with type 1 dia-
betes than among those with type 2 diabetes. 
These observations suggest that other processes, 
less well appreciated and therefore less well 

treated, that contribute to heart-failure risk are 
not affected by contemporary clinical care for 
patients with type 1 diabetes.

Some limitations of our study should be noted. 
First, classification of diabetes type was not based 
on detection of islet autoantibodies or measure-
ment of C-peptide levels. However, we believe 
that misclassification is unlikely to have biased 
our findings. The epidemiologic definitions that 
we used have been validated as accurate in 97% 
of cases, as reported previously.36 (See the Supple-
mentary Appendix for a more detailed discussion 
of this issue.37) Second, we cannot exclude the 
possibility that secular trends, such as evolving 
diagnostic thresholds or admissions criteria, could 
have influenced the changes in event rates that 
we have reported. Third, our results are model-
dependent and could change slightly with differ-
ent approaches to the data. Finally, correction for 

Figure 2. Major Cardiovascular Outcomes in Patients with Type 2 Diabetes and Matched Controls.

Controls were matched for age, sex, and county. I bars represent 95% confidence intervals. 
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Figure 1 Cholesterol Treatment Trialists’ Collaboration regression lines by duration of statin therapy. The lines represent the average expected
proportional risk reduction for any given absolute low-density lipoprotein cholesterol (LDL-C) reduction by duration of statin therapy calculated us-
ing data from the Cholesterol Treatment Trialists’ (CTT) Collaboration meta-analysis of statin trials. The red line represents the expected clinical
benefit of statins after 1 year of treatment, the blue line represents the expected clinical benefit after 2 years of treatment, the green line represents
the expected clinical benefit after 3 years of treatment, and the black line represents the expected clinical benefit after 4 or more years of treatment.
The lines are calculated from the CTT data (see Panel below). Column 2 of this Panel shows the proportional risk reduction per mmol/L reduction in
LDL-C observed during each year of treatment with a statin. The proportional risk reduction per mmol/L reduction in LDL-C for any duration of sta-
tin therapy is calculated as an inverse-variance weighted meta-analysis of the effect of statin therapy during each year of treatment up to and including
the year of interest (Panel, column 4). The CTT regression line for each duration of therapy is then plotted as a line through this estimate of the pro-
portional risk reduction per mmol/L reduction in LDL-C for each duration of therapy with each line forced to pass through the origin (using the same
methods as used by the CTT Collaborators). The black boxes represent the results of trials (CARE, WOSCOPS, HPS, and 4S) that had an average
duration of follow-up of 5 years or more, while the blue boxes represent the results of trials (PROVE-IT and FOURIER) that had an average duration
of follow-up of approximately 2 years. The figure shows that the point estimate from FOURIER (with a median follow-up of 2.2 years) is superimpos-
able on the blue CTT regression line corresponding to the effect of 2 years of treatment with a statin.

....................................................................................................................................................................................................................

Panel Proportional risk reduction per mmol/L reduction in LDL-C based on CTT Collaboration meta-analysis of
statin trials

Year of treatment CTT hazard ratio (95% CI) per mmol/L
reduction in LDL-C during each

year of treatment

Cumulative duration
of treatment (years)

CTT hazard ratio (95%) per mmol/L
reduction in LDL-C for each

duration of treatment

0–1 0.88 (0.84–0.93) 1 0.88 (0.84–0.93)

1–2 0.77 (0.73–0.82) 2 0.83 (0.80–0.86)

2–3 0.73 (0.69–0.78) 3 0.80 (0.77–0.83)

3–4 0.72 (0.68–0.77) 4 0.78 (0.76–0.81)

4–5 0.77 (0.72–0.83) 5 0.78 (0.76–0.80)

>5 0.76 (0.69–0.85) 6 0.78 (0.76–0.80)

Overall 0.78 (0.76–0.80) Mean 5.1 0.78 (0.76–0.80)

CI, confidence interval; CARE, Cholesterol And Recurrent Events; FOURIER, Further Cardiovascular Outcomes Research With PCSK9 Inhibition in Subjects With Elevated
Risk; HPS, Heart Protection Study; PROVE-IT, Pravastatin or Atorvastatin Evaluation and Infection Therapy; 4S, Scandinavian Simvastatin Survival Study; WOSCOPS, West of
Scotland Coronary Prevention Study.
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Data	from	15,381	consecutive	patients	(mean	age,	62.3	± 11.7	years;	female,	33.8%)	hospitalized	with	CAD	

Group	1
mean	age,	50.5	± 7.2	years
males	<55	years	and	females	<65	years

Group	2	
mean	age,	69.4	± 7.4	years)
males	aged	>55	years	and	females	>65	years

Reibis et	al.	Vascular	Health	and	Risk	Management	2012:8	473–481

Family	history	of	CAD		and	Dyslipidemia
Cigarette	smoking	

were	dominant	risk	factors	in	the	younger	
group.

Arterial	hypertension
Diabetes
were	dominant	risk	factors	in	the	older	
group.
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CVD. Transitions between, and time in, different states of CVD
(0, 1, 2 or 3 or more events since randomisation, respectively)
are shown in ESM Fig. 5. Twenty-eight patients (35%) in the
intensive group vs 13 (16%) in the conventional group com-
pleted the entire follow-up without any incident macrovascular
events; HR for CVD event in the intensive-therapy group 0.55
(95% CI 0.39, 0.77; p<0.001).

Patients in both groups with one post-baseline cardiovascular
event had a higher mortality rate than patients without; HR 3.08
(95% CI 1.82, 5.19) and an almost linear increase in mortality of
2.08 (95% CI 1.73, 2.51) per extra event. A similar pattern was
seen for further CVD events. When the hazard for mortality was
adjusted for CVD status, there was no difference in mortality

between groups (HR 0.83 [95% CI 0.54, 1.30], p=0.43). Thus,
the reduced mortality was primarily due to reduced risk of CVD.

The patients in the intensive group experienced a total of 90
cardiovascular events vs 195 events in the conventional
group. Nineteen intensive-group patients (24%) vs 34
conventional-group patients (43%) experienced more than
one cardiovascular event. No significant between-group dif-
ference in the distribution of specific cardiovascular first-
event types was observed (Table 2 and Fig. 4).

Microvascular complications Hazard rates of progression
rates in microvascular complications compared with baseline
status are shown Fig. 3. Sensitivity analyses showed a negli-
gible effect of the random dates imputation.

Progression of retinopathy was decreased by 33% in the
intensive-therapy group (Fig. 5). Blindness in at least one eye
was reduced in the intensive-therapy group with an HR of 0.47
(95% CI 0.23, 0.98, p=0.044). Autonomic neuropathy was
decreased by 41% in the intensive-therapy group (Fig. 5). We
observed no difference between groups in the progression of
peripheral neuropathy (Fig. 5). Progression to diabetic ne-
phropathy (macroalbuminuria) was reduced by 48% in the
intensive-therapy group (Fig. 5). Ten patients in the
conventional-therapy groups vs five patients in the intensive-
therapy group progressed to end-stage renal disease (p=0.061).

Discussion

In the current report from the Steno-2 study we demonstrate
that intensified treatment for 7.8 years was associated with a
7.9 years longer median lifespan over a period of 21.2 years
follow-up. Furthermore, the increased lifespan was matched
by the years gained free from incident CVD. The reduced
mortality was caused by a decreased risk of incident CVD
and cardiovascular mortality.

Absolute risk and RR reductions for all endpoints were
well in line with earlier reported findings, confirming the du-
rability of the intensified, multifactorial approach [13].

The frequency of recurrent events was high in both groups,
but patients in the original conventional-therapy group expe-
rienced more than twice as many cardiovascular events per
person than patients from the original intensive-therapy group.
Only a few studies have reported results on recurrent events;
none of these have been exclusively in patients with type 2
diabetes [2, 3] and the follow-up periods were much shorter,
hence direct comparison is difficult.

In the Steno-2 study, we observed high rates of progression
for microvascular complications with the vast majority of pa-
tients progressing in one or more complication types. Yet, we
found significant and clinically relevant risk reductions for au-
tonomic neuropathy, nephropathy, and retinopathy, as well as
blindness, and a trend towards reduced risk for end-stage renal
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Fig. 2 Cumulative mortality (a) and cumulative incidence of the com-
posite cardiovascular or death endpoint (b). Solid lines, patients in the
intensive-therapy group; dashed lines, patients in the conventional-thera-
py group; vertical dotted lines, end of trial and start of intensification of
conventional-therapy group patients’ treatment; horizontal dashed lines
intersect with survival curves at median survival time (a) and median
CVD-free survival time (b). The median survival time in the original
intensive-therapy group was at least 7.9 years longer than in the conven-
tional-therapy group (48% of patients in the intensive-therapy group died
during follow-up, so formally this might be an underestimate, since 50%
mortality is required to calculate the median). The median difference in
survival before first CVD event was 8.1 years in favour of the original
intensive-therapy group
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(0, 1, 2 or 3 or more events since randomisation, respectively)
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intensive group vs 13 (16%) in the conventional group com-
pleted the entire follow-up without any incident macrovascular
events; HR for CVD event in the intensive-therapy group 0.55
(95% CI 0.39, 0.77; p<0.001).

Patients in both groups with one post-baseline cardiovascular
event had a higher mortality rate than patients without; HR 3.08
(95% CI 1.82, 5.19) and an almost linear increase in mortality of
2.08 (95% CI 1.73, 2.51) per extra event. A similar pattern was
seen for further CVD events. When the hazard for mortality was
adjusted for CVD status, there was no difference in mortality

between groups (HR 0.83 [95% CI 0.54, 1.30], p=0.43). Thus,
the reduced mortality was primarily due to reduced risk of CVD.

The patients in the intensive group experienced a total of 90
cardiovascular events vs 195 events in the conventional
group. Nineteen intensive-group patients (24%) vs 34
conventional-group patients (43%) experienced more than
one cardiovascular event. No significant between-group dif-
ference in the distribution of specific cardiovascular first-
event types was observed (Table 2 and Fig. 4).

Microvascular complications Hazard rates of progression
rates in microvascular complications compared with baseline
status are shown Fig. 3. Sensitivity analyses showed a negli-
gible effect of the random dates imputation.

Progression of retinopathy was decreased by 33% in the
intensive-therapy group (Fig. 5). Blindness in at least one eye
was reduced in the intensive-therapy group with an HR of 0.47
(95% CI 0.23, 0.98, p=0.044). Autonomic neuropathy was
decreased by 41% in the intensive-therapy group (Fig. 5). We
observed no difference between groups in the progression of
peripheral neuropathy (Fig. 5). Progression to diabetic ne-
phropathy (macroalbuminuria) was reduced by 48% in the
intensive-therapy group (Fig. 5). Ten patients in the
conventional-therapy groups vs five patients in the intensive-
therapy group progressed to end-stage renal disease (p=0.061).

Discussion

In the current report from the Steno-2 study we demonstrate
that intensified treatment for 7.8 years was associated with a
7.9 years longer median lifespan over a period of 21.2 years
follow-up. Furthermore, the increased lifespan was matched
by the years gained free from incident CVD. The reduced
mortality was caused by a decreased risk of incident CVD
and cardiovascular mortality.

Absolute risk and RR reductions for all endpoints were
well in line with earlier reported findings, confirming the du-
rability of the intensified, multifactorial approach [13].

The frequency of recurrent events was high in both groups,
but patients in the original conventional-therapy group expe-
rienced more than twice as many cardiovascular events per
person than patients from the original intensive-therapy group.
Only a few studies have reported results on recurrent events;
none of these have been exclusively in patients with type 2
diabetes [2, 3] and the follow-up periods were much shorter,
hence direct comparison is difficult.

In the Steno-2 study, we observed high rates of progression
for microvascular complications with the vast majority of pa-
tients progressing in one or more complication types. Yet, we
found significant and clinically relevant risk reductions for au-
tonomic neuropathy, nephropathy, and retinopathy, as well as
blindness, and a trend towards reduced risk for end-stage renal
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intensive-therapy group; dashed lines, patients in the conventional-thera-
py group; vertical dotted lines, end of trial and start of intensification of
conventional-therapy group patients’ treatment; horizontal dashed lines
intersect with survival curves at median survival time (a) and median
CVD-free survival time (b). The median survival time in the original
intensive-therapy group was at least 7.9 years longer than in the conven-
tional-therapy group (48% of patients in the intensive-therapy group died
during follow-up, so formally this might be an underestimate, since 50%
mortality is required to calculate the median). The median difference in
survival before first CVD event was 8.1 years in favour of the original
intensive-therapy group
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Diabetologia	2016; 59:2298–2307	 21	years follow-up	on the Steno-2	randomised trial	
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one standard deviation of SBP was associated with a 40 %
increased risk of CVD hospitalization, as was one standard
deviation increase of LDL-C (Table 3). Mean A1C was not
associated with CVD risk. When A1C control, SBP control,
and LDL-C control were included in models as non-
mutually exclusive variables, SBP and LDL-C control were
protective while A1C control was associated with a 14 %
increased risk of CVD hospitalization. In adjusted models
using all possible combinations of risk factor control, all
categories, except having both SBP and LDL-C controlled,
produced statistically significant adjusted hazard ratios
relative to those with all three risk factors controlled.
Results of the sensitivity analyses are shown in the online

appendix, supplementary Table 1. Associations between
baseline measures of A1C, SBP, and LDL-C and CVD
hospitalization were substantially weaker than mean
values during observation. Substituting last values ob-
served during follow-up produced results similar to those
obtained using mean values. Exclusion of patients with
mean A1C < 6 % attenuated the risk associated with A1C
control, but did not change the results. Supplementary
Table 2 in the online appendix shows the mean risk factor
levels for the eight mutually exclusive categories. Similar
values were seen among categories that indicated a
specific risk factor was controlled and also among
categories that indicated a specific risk factor was not
controlled.

Table 2. Unadjusted Mean A1C, Systolic Blood Pressure, and
LDL-C Over Entire Observation Period, Proportion of Patients
with A1C in Control, Systolic Blood Pressure in Control, LDL-C
in Control, and Distribution of All Possible Combinations of

Control Categories

No CVD
Hospitalization
(n=24,693)

Had CVD
Hospitalization
(n=1,943)

p value

Continuous Measures
Mean (SD) A1C (%) 7.3 % (1.2) 7.3 % (1.2) 0.581
Mean (SD) SBP
(mm Hg)

132 (11) 137 (13) < 0.001

Mean (SD)
LDL-C (mg/dL)

97 (26) 102 (29) < 0.001

Non−Mutually Exclusive Categories
% A1C in control
(< 7 %)

45.6 47.2 0.174

% SBP in control
(< 130 mmHg)

44.1 27.9 < 0.001

% LDL-C in control
(< 100 mg/dL)

59.5 51.9 < 0.001

Mutually Exclusive Categories
% None in control 13.7 21.0 < 0.001
% Only A1C
in control

10.1 15.4

% Only SBP in control 9.2 6.5
% Only LDL-C
in control

18.0 18.3

% A1C/SBP in control 7.6 5.2
% A1C/LDL-C
in control

14.2 17.4

% SBP/LDL-C
in control

13.6 7.1

% All three in control 13.8 9.2

Data are mean (standard deviation) or percent
A1C hemoglobin A1c; CVD cardiovascular disease; LDL-C low-
density lipoprotein cholesterol; SBP systolic blood pressure
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Figure 1. Incident rate per 1,000 person-years of first cardiovascular disease hospitalization, adjusted for age, sex, and duration of diabetes. The
error bars represent 95% confidence intervals for the incidence rates.A1C hemoglobin A1c; LDL LDL cholesterol; SBP systolic blood pressure.

694 Nichols et al.: Risk Factor Control and CVD Risk JGIM

Nichols et	al.	J	Gen	Intern	Med 2013;28(5):691–7

Control:	SBP	<130	mmHg;	LDL-C	<100	mg/dL y	HbA1c	<	7	%

Reducción	66%
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Adjusted for age,	race,	types of	
insurance,	income,	smoking,	body
mass index,	low-density lipoprotein
cholesterol,	systolic blood pressure,	
glomerular	filtration rate,	use	of	
antihypertensive drugs,	glucose-
lowering agents,	and	cholesterol-
lowering agents.

Int	J	Cardiol.	2016;	202:	490–496. JF	Ascaso HCU-UV
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Dislipemia

Objetivo	cifras	de	PA:
<140/90	mm	Hg
<130/80	mm	Hg

Hipertensión

Objetivo	LDL-C
Riesgo	CV
- Alto
- Muy	alto
- Extremo

<100	mg/dL
<70	mg/dL
<55	mg/dL

Hiperglucemia	(HbA1c)

AACE	2017

Cambios	a	estilo	de	vida	saludable.	â peso	(si	exceso)

Otros	FRCV

Control	de:

Objetivo	HbA1c:
6-7%
7-8%,	en	personas	mayores,	
dependientes	y	frágiles,	ECV	
activa,	ictus,	hipoglucemias	de	
repetición,	etc

Tabaco,	obesidad,	
estrés,	etc.
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Malas	noticias
La	ECV	es	frecuente,	grave,	cara	y	alta	mortalidad.

Buenas	noticias
La	ECV	es	prevenible,	con	un	tratamiento	correcto,	puede	

reducirse	un	70-80%.

Podemos	conseguir	supervivencia	similar	al	no	diabético
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Penicilina	(primer	antibiótico,
descubierto	por		Alexander	
Fleming	en	1928,	uso	en	
tratamiento	en	1930	

Insulina	1921
Biguanidas 1922
Sulfonilureas 1942

Lovastatina 1979

Captopril 1974

Nuevos	hipoglucemiantes	2015


