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Association of systolic and diastolic blood pressure
and all cause mortality in people with newly diagnosed
type 2 diabetes: retrospective cohort study
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Abstract
Objective To examine the effect of systolic and diastolic blood pressure
achieved in the first year of treatment on all cause mortality in patients
newly diagnosed with type 2 diabetes, with and without established
cardiovascular disease.
Design Retrospective cohort study.
Setting United Kingdom General Practice Research Database, between
1990 and 2005.
Participants 126 092 adult patients (age ≥18 years) with a new diagnosis
of type 2 diabetes who had been registered with participating practices
for at least 12 months.
Main outcome measure All cause mortality.
Results Before diagnosis, 12 379 (9.8%) patients had established
cardiovascular disease (myocardial infarction or stroke). During a median
follow-up of 3.5 years, we recorded 25 495 (20.2%) deaths. In people
with cardiovascular disease, tight control of systolic (<130 mm Hg) and
diastolic (<80 mm Hg) blood pressure was not associated with improved
survival, after adjustment for baseline characteristics (age at diagnosis,
sex, practice level clustering, deprivation score, body mass index,
smoking, HbA1c and cholesterol levels, and blood pressure). Low blood
pressure was also associated with an increased risk of all cause mortality.
Compared with patients who received usual control of systolic blood
pressure (130-139 mm Hg), the hazard ratio of all cause mortality was
2.79 (95% confidence interval 1.74 to 4.48, P<0.001) for systolic blood
pressure at 110 mm Hg. Compared with patients who received usual
control of diastolic blood pressure (80-84 mm Hg), the hazard ratios
were 1.32 (1.02 to 1.78, P=0.04) and 1.89 (1.40 to 2.56, P<0.001) for

diastolic blood pressures at 70-74 mm Hg and lower than 70 mm Hg,
respectively. Similar associations were found in people without
cardiovascular disease. Subgroup analyses of people diagnosed with
hypertension and who received treatment for hypertension confirmed
initial findings.
Conclusion Blood pressure below 130/80 mm Hg was not associated
with reduced risk of all cause mortality in patients with newly diagnosed
diabetes, with or without known cardiovascular disease. Low blood
pressure, particularly below 110/75 mm Hg, was associated with an
increased risk for poor outcomes.

Introduction
Clinical guidelines recommend maintaining blood pressure
levels to below 140/90 mm Hg in people with hypertension in
the general population.1 2 Guidelines recommend further
lowering the blood pressure to a treatment goal of below 130/80
mm Hg in high risk patients, including people with diabetes,
cerebrovascular and coronary arterial disease, or kidney disease.3
The initiation of antihypertensive therapy is indicated in high
risks groups, even if their blood pressure is in the normal range,
for further cardiovascular benefit.1 2
This lower treatment target in patients at high risk of
cardiovascular disease was largely based on the results of early
randomised trials such as the United Kingdom Prospective
Diabetes Study (UKPDS) and Hypertension Optimal Treatment
(HOT) trial. These trials showed major reductions in
cardiovascular outcomes in the groups receiving tight control
of blood pressure compared with those receiving conventional
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Aggressive targets for blood pressure treatment in type 2
diabetes guidelines have recently been questioned,10 11 because
the recommended targets are well below those found in the trials
on which the guidelines are based4 12 The Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial did not show
further cardiovascular benefits of antihypertensive therapy
through reducing systolic blood pressure below 130 mm Hg in
people with diabetes.2 13 To date, there is little evidence
indicating the cardiovascular protective effect of blood pressure
targets lower than 130/80 mm Hg in patients with diabetes.10
Importantly, some studies suggest that blood pressure lowering
that is too aggressive in high risk patients could do harm rather
than provide cardiovascular protection.14 15
There are limited data available from population based studies
on the association between blood pressure and mortality in
people with newly diagnosed type 2 diabetes. Furthermore, little
is known about these associations in people with diabetes and
cardiovascular disease. This retrospective study aimed to
determine the association between systolic and diastolic blood
pressure in the first year of treatment and the risk of all cause
mortality, in a large primary care based cohort of patients with
newly diagnosed type 2 diabetes, with and without established
cardiovascular disease.

Methods
The General Practice Research Database holds anonymised,
longitudinal primary care records of approximately 5% of the
population registered with a general practice in the UK.16
Patients registered with general practices participating in the
database represent a population that is similar to that of the
UK.16 Participating practices follow an agreed protocol for the
collection of demographic, clinical, laboratory, and prescription
data, and regularly submit anonymised records to the database.

Study population
From the General Practice Research Database, we extracted the
medical records of all adult patients (age ≥18 years) with a new
diagnosis of type 2 diabetes between 1 January 1990 and 31
December 2005, and who had been registered with participating
practices for at least 12 months. Patients were identified using
both diagnostic (C10) and management (66A) Read and Oxford
Medical Information System codes for diabetes.17 We excluded
patients diagnosed under the age of 35 years who were
prescribed insulin within three months of diagnosis and who
were not prescribed oral hypoglycaemic agents for longer than
three months, because these patients were likely to have type 1
diabetes. We also excluded patients with a diagnosis of heart
failure and an echocardiogram supporting the diagnosis to avoid
reverse causality, because these patients tend to have lower
blood pressure levels than those without heart failure.

Study variables
The primary outcome of interest was all cause mortality as
identified by codes for death or for transfer out of practice due
to death in the General Practice Research Database. Patients
were followed from the date of diagnosis until death or the end
of the study (31 December 2005). Patients who did not die
during the follow-up period and those who left the practice were
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

censored at the last visit. Covariates in our study included age
at diagnosis, sex, socioeconomic status, smoking status
(classified as never, current or ex-smoker), body mass index,
blood pressure readings, and laboratory variables (total
cholesterol, HbA1c). Socioeconomic status was assigned to each
patient using the Index of Multiple Deprivation 2004, the most
commonly used method of measuring socioeconomic status of
a neighbourhood in the UK, based on the postal codes of general
practices involved.18 We identified treatments of individual
patients from prescription records: antihypertensive drugs, oral
hypoglycaemic agents, insulin, and lipid lowering and
antiplatelet drugs. Patients were categorised into two groups,
based on whether or not they had a cardiovascular event (defined
as stroke or myocardial infarction) recorded before the diagnosis
of diabetes.

Blood pressure profiles
All patients had their blood pressure measured at least once
during the first year after diagnosis of diabetes. Patients were
categorised into three groups by readings of mean systolic and
diastolic blood pressure using all except for their baseline
measurement (baseline blood pressure measurements were
defined as that measured in the diagnostic visit or within 3
months from that date—we excluded the baseline measurements
due to regression to the mean). The three groups were: tight
control (systolic blood pressure <130 mm Hg; diastolic blood
pressure <80 mm Hg), usual control (130 to <140 mm Hg; 80
to <85 mm Hg), and uncontrolled (≥140 mm Hg; ≥85 mm Hg).
To explore the risk associated with systolic and diastolic blood
pressure, we further categorised the tight and uncontrolled
groups in 10 and 5 mm Hg segments, resulting in seven groups
of systolic and diastolic blood pressure.

Statistical analysis
We compared baseline characteristics of study patients by
cardiovascular disease status. Group differences were tested
using the χ2 test for categorical variables, Student’s t test for
normally distributed variables, or Mann-Whitney test for skewed
continuous variables, as appropriate.

We assessed survival estimates with Kaplan-Meier plots.
Equality of survival distributions for the different levels of
systolic and diastolic blood pressure categories were tested using
log rank (Mantel-Cox) tests. We used Cox proportional hazard
regression models to estimate hazard ratios with 95% confidence
intervals of all cause mortality for groups of systolic and
diastolic blood pressure, using the usual control groups as
references. Patients treated by the same general practice are
expected to have more similar outcomes than patients treated
in different practices. We used a robust estimator for the
standard error to control for the clustering of patients within
practices. Models were adjusted for sex, age at baseline,
deprivation score, body mass index, smoking status, baseline
levels of cholesterol and HbA1c, and blood pressure at baseline.
To test the validity of the findings, we undertook two subgroup
analyses restricting the models to patients who received
treatment for hypertension, or had a diagnosis of hypertension
at baseline.

Proportional hazards analyses assume that the ratio of mortality
risk for a predictor variable remains constant (that is,
proportional) over time. We tested this assumption graphically
for each covariate by examining plots of log(−log survival time)
against log survival time, and of Schoenfeld residuals against
survival time. Furthermore, we tested the assumption of
proportionality by using generalised linear regression of the
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control.4-7 Furthermore, evidence from epidemiological studies
suggests that cardiovascular risk starts to increase above a blood
pressure level of 115/75 mm Hg.8 This evidence has led to the
consensus that there is no lower threshold for blood pressure
lowering, supporting the idea that “the lower the better”.9
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In the adjusted Cox proportional hazards models, the assumption
was violated with regards to deprivation score, which was
corrected by modelling deprivation score as a time-varying
covariate. These changes did not qualitatively alter the estimates
for variables of interest. When testing the assumption in the
final model examining diastolic blood pressure among people
with cardiovascular disease, HbA1c levels reached significance.
However, the plot of Schoenfeld residuals versus time for this
covariate did not seem to indicate a gross violation of the
proportionality assumption.
In all cases, a two sided P≤0.05 was considered statistically
significant. We did statistical analyses using Stata version 11.0.

Results

Baseline characteristics
We included 126 092 people, registered with 422 participating
practices and who were diagnosed with type 2 diabetes between
1990 and 2005. Of these patients, 12 379 (9.8%) had known
cardiovascular disease before diagnosis of diabetes. The median
follow-up time was 3.5 years, during which 25 495 deaths
(20.2%) were recorded, corresponding to an event rate of 48.3
per 1000 patient years in the study population.

The overall mortality was 28.6% (n=3535) in people with
cardiovascular disease and 19.3% (n=21 960) in those without
cardiovascular disease (event rates 82.9 and 45.3 per 1000
patient years, respectively). Table 1⇓ shows the baseline
characteristics of patients with and without pre-existing
cardiovascular disease. People with cardiovascular disease were
significantly older; were more likely to be male and ex-smokers;
and had lower levels of body mass index, HbA1c, and cholesterol
at diagnosis than patients without cardiovascular disease. They
were also more likely to have antihypertensive, lipid lowering,
and antiplatelet treatment prescribed and less likely to receive
antidiabetic drugs during the study period. Use of diuretics
followed by angiotensin converting enzyme inhibitors (ACEI)
or angiotensin II receptor blockers (ARB) were the most
commonly prescribed antihypertensive drugs at baseline.
Significantly higher prescription rates were recorded in patients
with cardiovascular disease than in those without (diuretics,
5538 (44.7%) v 31 501 (27.7%); ACEI or ARB, 4630 (37.4%)
v 25 147 (22.1%), P<0.001 for both).

Blood pressure control according to
cardiovascular disease status
At the time of diagnosis of diabetes, patients with established
cardiovascular disease had significantly lower mean levels of
blood pressure than those without cardiovascular disease (table
1). In both people with and without cardiovascular disease, the
mean values of systolic and diastolic blood pressure decreased
significantly during the first year after diagnosis compared with
blood pressure recordings at baseline (paired t test, P<0.001 for
both).
The mean levels of systolic and diastolic blood pressure
achieved during the first year after diagnosis (not including the
baseline recordings) were significantly lower in people with
cardiovascular disease than in those without. Accordingly,
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

patients with cardiovascular disease were more likely to be
recorded to have tight controls of blood pressure and reduced
rates of uncontrolled blood pressure compared with patients
without cardiovascular disease (table 1).

Death from all causes according to blood
pressure control
Figure 1⇓ shows hazard ratios for tight control (systolic blood
pressure <130 mm Hg; diastolic blood pressure <80 mm Hg),
usual control (130-139 mm Hg; 80 to <85 mm Hg), and
uncontrolled (≥140 mm Hg; ≥85 mm Hg). In people with
cardiovascular disease, tight control was associated with
significantly reduced survival compared with the normal and
uncontrolled groups, in unadjusted Kaplan-Meier analyses (log
rank test, P<0.001 for all; fig 2⇓). In univariate models, because
of the proportional hazards violation, we used logistic regression
models to obtain odds ratios and confidence intervals. In these
models, all cause mortality was related to systolic and diastolic
blood pressure in a U shaped pattern, with increased risk of
death in the tight control and uncontrolled groups compared
with the usual control group (table 2⇓).
After adjustment for baseline characteristics in the Cox
proportional hazards models, the increased risk of all cause
mortality persisted for tight blood pressure control. In patients
with cardiovascular disease, the hazard ratio was 2.79 (95%
confidence interval 1.74 to 4.48, P<0.001) for systolic blood
pressure lower than 110 mm Hg, 1.32 (1.02 to 1.78, P=0.04)
for diastolic blood pressure 70-74 mm Hg, and 1.89 (1.40 to
2.56, P<0.001) for diastolic blood pressure lower than 70 mm
Hg (fig 1). Hazard ratios for other groups of tight control also
indicated increased risk of mortality, but these associations did
not reach statistical significance. Uncontrolled systolic blood
pressure levels did not show significant association with the
outcome.

In people without cardiovascular disease, we observed a similar
pattern for systolic and diastolic blood pressure in unadjusted
models (fig 2, table 2). After Cox model adjustment for baseline
characteristics, we also saw an increased risk for death in tight
control groups compared with usual control groups. The hazard
ratio was 1.58 (95% confidence interval 1.27 to 1.96, P<0.001)
for systolic blood pressure 110-119 mm Hg, 2.42 (1.6 to 3.52,
P<0.001) for systolic blood pressure lower than 110 mm Hg,
1.17 (1.02 to 1.34, P=0.02) for diastolic blood pressure 70-74
mm Hg, and 1.54 (1.33 to 1.77, P<0.001) for diastolic blood
pressure lower than 70 mm Hg (fig 1). Patients with diastolic
blood pressure 75-79 mm Hg were associated with the lowest
predicted risk for mortality (hazard ratio 0.87 (0.76 to 0.99),
P=0.04). Uncontrolled systolic and diastolic blood pressure
levels were not significantly associated with the outcome
compared with the usual control groups in multivariate Cox
models (fig 1). In the total population, we found qualitatively
similar results compared with people without cardiovascular
disease (table 2, fig 3⇓).
Subgroup analyses confirmed the findings of our initial
observations. After restricting the analyses to patients who
received medical treatment for hypertension and those who had
a diagnosis of hypertension at diagnosis, we found qualitatively
similar findings for mortality when comparing tight control with
usual control, and comparing uncontrolled blood pressure with
usual control in both people with and without cardiovascular
disease (web appendices 1 and 2).
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scaled Schoenfeld residuals on functions of time to test for a
non-zero slope. This analysis revealed the violation of the
proportionality assumption for levels of systolic and diastolic
blood pressure in the unadjusted models. Therefore, we showed
the odds ratios and confidence intervals obtained from
conditional logistic regression models for the univariate
association between blood pressure levels and mortality.
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This observational study was undertaken to relate the levels of
systolic and diastolic blood pressure achieved during the first
year after diagnosis of diabetes to the risk of all cause mortality
in a large cohort of patients with newly diagnosed type 2
diabetes. Our results show that in patients with diabetes and
cardiovascular disease, systolic blood pressure below 110 mm
Hg and diastolic blood pressure below 75 mm Hg were
associated with significantly increased risk of death. In patients
with diabetes without established cardiovascular disease, systolic
blood pressure below 120 mm Hg and diastolic blood pressure
below 75 mm Hg were associated with a significant increased
risk of mortality. These associations persisted when we restricted
our analyses to patients who received treatment for hypertension
and to those who had a diagnosis of hypertension at baseline.

Comparison with other studies
The risks of elevated blood pressure have been repeatedly
demonstrated by clinical and epidemiological studies.8 19 20 Many
studies have described a gradual increase in the risk of mortality
with increasing levels of systolic and diastolic blood pressure,
with no lower thresholds for blood pressure.8 Despite the known
benefits of blood pressure lowering and the effectiveness of
medical treatment to reduce blood pressure, the optimal goals
of treatment still remain unclear in people with diabetes.4 5 10

The UKPDS study (an early trial which also looked at people
with newly diagnosed diabetes) found that tight lowering of
blood pressure markedly reduced the incidence of microvascular
and macrovascular endpoints in patients with type 2 diabetes.4 5
However, patients assigned to the intensive treatment group
(<150/85 mm Hg) achieved a mean blood pressure of 144/82
mm Hg, and patients assigned to the conventional treatment
group achieved 154/87 mm Hg during follow-up. Another early
study, the HOT trial, randomised hypertensive patients to receive
intensive control of diastolic blood pressure (to ≤80 mm Hg)
or conventional control (to ≤90 mm Hg).7 A retrospective
subgroup analysis showed major reductions in cardiovascular
outcomes in patients with diabetes in the intensive treatment
group, with an achieved blood pressure of 140/81 mm Hg.
Furthermore, the lowest incidence of cardiovascular events
occurred at a blood pressure of 138/82 mm Hg.6 Although these
early trials shown the benefits of blood pressure lowering in
people with diabetes and changed clinical practice, the achieved
blood pressure levels in these studies were considerably higher
than the target currently recommended by major guidelines.1 3 10
The additional benefits of lowering blood pressure to below
130/80 mm Hg have not been consistently supported by trial
evidence.10 The ACCORD trial randomised patients with
diabetes to receive intensive therapy (to achieve systolic blood
pressure <120 mm Hg) or standard therapy (<140 mm Hg).13
Participants achieved the treatment targets after one year of
follow-up, with a mean systolic blood pressure of 119 mm Hg
in the intensive group and 133 mm Hg in the standard group.
This trial provided the opportunity for the first time to evaluate
the effects of tight control of systolic blood pressure on the
incidence of cardiovascular outcomes in people with type 2
diabetes. However, no significant reduction in cardiovascular
outcomes was achieved by lowering the systolic blood pressure
below 120 mm Hg, compared with the group in which systolic
blood pressure remained above 130 mm Hg.
On the other hand, intensive therapy seemed to be beneficial
for the prevention of non-fatal and total stroke. A recent
meta-analysis of prospective controlled trials indicated that the
risk of stroke decreased progressively with blood pressure
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reduction, although this association was not significant for
myocardial infarction in people with type 2 diabetes.21
Investigators from the Irbesartan Diabetic Nephropathy Trial
found that lowering the blood pressure below 120/85 mm Hg
in high risk patients with diabetes increased cardiovascular
events and all cause mortality.15

The results of our observational study extend previous findings,
suggesting that lower levels of blood pressure maintained during
the first year after diagnosis of diabetes identify a subset of
patients with significantly increased risk of death. This
association was observed for both systolic and diastolic blood
pressure. Our findings are in line with other studies reporting
increased risk of poor outcomes associated with tight control
of systolic and diastolic blood pressure in high risk patients,
albeit at much lower levels than current guidelines.11 14 22 23

Strengths and limitations of the study
Limitations have to be considered in interpretation of our results.
In this retrospective analysis, many factors other than blood
pressure might have influenced the associations found. Patients
were categorised into groups based on their blood pressure levels
exclusively, and they may have differed significantly in other
risk factors. Although our analyses adjusted for many factors,
these adjustments may not have been sufficient and might not
have included other unknown factors. A large proportion of
patients received lipid lowering and antiplatelet therapy and
antihypertensive drugs, including ACEIs, at the time of the
diagnosis of diabetes, which might have reduced cardiovascular
risk. Furthermore, this could have reduced the potential
cardiovascular benefit of antihypertensive treatments,
particularly for those patients who had lower blood pressure at
baseline.

Because of the observational nature of this study, our findings
of increased risk of death related to tight control of systolic and
diastolic blood pressure do not imply causality. Furthermore,
although we present blood pressure levels corresponding to the
lowest risk of mortality, these values are not a recommendation
for an optimal treatment goal, and we can only speculate about
the underlying mechanisms that explain these associations.
Some studies have suggested that tight control of blood pressure
might increase cardiovascular risk by the underperfusion of vital
organs.10 To avoid reducing diastolic blood pressure below a
critical level is especially important to ensure coronary flow
during diastole. However, some studies have suggested that the
increased mortality associated with lower diastolic blood
pressure might be associated with some deterioration of general
health, because this relation was also evident in patients treated
with placebo.24
Patients who had low blood pressure at baseline might also have
had increased initial cardiovascular risk, resulting in higher
mortality rates. To reduce the presence of high risk patients in
the low blood pressure categories, we excluded patients from
this study who had established heart failure at diagnosis.
Similarly, since previous cardiovascular events can both lower
blood pressure and increase the risk of further cardiovascular
events including death, the associations found could be a
confounding effect of established cardiovascular disease.
Therefore, we distinguished between patients with and without
cardiovascular disease based on their history of myocardial
infarction and stroke before diagnosis of diabetes and analysed
the associations separately in these groups.
Although concerns about the validity of longitudinal databases
in primary care have been raised, the accuracy and completeness
of the data recorded in the General Practice Research Database
Subscribe: http://www.bmj.com/subscribe
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Other strengths of the study included the use of a large sample
of unselected patients with newly diagnosed type 2 diabetes and
the long follow-up period, with regularly recorded diagnostic,
measures, and outcome codes. Prescription data were accurately
captured by using the same database software as that used to
generate prescriptions by general practitioners. These results,
therefore, reflect true associations in the real world setting.
Furthermore, our analyses were adjusted for several baseline
characteristics that could plausibly be related to treatment or
mortality.

Conclusions and policy implications
In this large observational study, blood pressure below 130/80
mm Hg was not associated with reduced risk of all cause
mortality in patients with newly diagnosed diabetes, with or
without known cardiovascular disease. Furthermore, low blood
pressure, particularly below 110/75 mm Hg, was associated
with increased risk for poor outcomes. Although no causality
can be implied for these relations, our results suggest that “the
lower the better” approach might not apply to blood pressure
control beyond a critical level in high risk patients. Since there
is currently no robust evidence available for lowering the blood
pressure below 130/80 mm Hg in people with diabetes, it might
be advisable to maintain blood pressure between 130-139/80-85
mm Hg, supported by other therapeutic and lifestyle
interventions to improve cardiovascular outcomes in patients
with diabetes.10
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has been documented previously and the database is used
extensively for health service and epidemiological research.16 25 26
We were unable to ascertain the cause of death and assess
cardiovascular mortality in relation to blood pressure levels.
We did not have information on whether patients were taking
their antihypertensive drugs. Furthermore, comorbid conditions
were inconsistently coded in the database, particularly in the
early part of the study period; therefore, we were unable to
adjust for underlying comorbid conditions including
microvascular complications. However, we adjusted for other
indicators of health, including socioeconomic status.
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Guidelines recommend that patients at high risk of cardiovascular disease should maintain blood pressure below 130/85 mm Hg
There is no convincing evidence from clinical trials that maintaining a low blood pressure in patients with type 2 diabetes provides
additional cardiovascular benefits
Some clinical trials suggest that aggressive lowering of blood pressure may be harmful

What this study adds
Blood pressure below 130/80 mm Hg was not associated with reduced risk of all cause mortality in patients with newly diagnosed
diabetes, with or without known cardiovascular disease
Low blood pressure, particularly below 110/75 mm Hg, was associated with increased risk for all cause mortality
The “lower the better” approach might not apply to blood pressure control beyond a critical level in high risk patients

Tables
Table 1| Baseline characteristics of patients included in study. Data are no (%) of patients unless stated otherwise
Patients with cardiovascular disease Patients without cardiovascular disease

Total

No of patients (%)

12 379 (9.8)

113 713 (90.2)

126 092 (100)

No of deaths (%)

3535 (28.6)

21 960 (19.3)

25 495 (20.2)

82.9

45.3

48.3

Event rate per 1000 patient years
Age (years)*

72.9 (10.7)

66.4 (13.8)

67.1 (13.7)

Male sex

7178 (58.0)

56 057 (49.3)

63 235 (50.1)

Deprivation score†

21.0 (22.7)

20.6 (22.7)

20.7 (22.7)

Current smoker

1866 (15.1)

17 659 (15.5)

19 525 (15.5)

Ex-smoker

4571 (36.9)

32 393 (28.5)

36 964 (29.3)

Non-smoker

5515 (44.5)

60 205 (52.9)

65 720 (52.1)

Missing data

427 (3.5)

3456 (3.1)

3883 (3.1)

28.2 (5.4)

29.3 (6.1)

29.1 (6.1)

Systolic

144.1 (21.3)

146.4 (21.0)

146.2 (21.1)

Diastolic

80.3 (11.1)

83.2 (11.0)

82.9 (11.0)

Diagnosis of hypertension at baseline

6597 (53.3)

48 381 (42.55)

54 978 (43.6)

Systolic blood pressure achieved during first year (mm Hg)*

142.4 (19.2)

144.3 (18.7)

144.1 (18.7)

<130 mm Hg achieved (tight control)

2773 (22.4)

21 293 (18.7)

24 066 (19.1)

130-139 mm Hg achieved (usual control)

2515 (20.3)

22 562 (19.8)

25 077 (19.9)

≥140 mm Hg achieved (uncontrolled)

7091 (57.3)

69 858 (61.4)

76 949 (61.0)

79.0 (9.6)

81.8 (9.5)

81.5 (9.5)

<80 mm Hg achieved (tight control)

5841 (47.2)

39 218 (34.5)

45 059 (35.7)

80-85 mm Hg achieved (usual control)

3166 (25.6)

31 714 (27.9)

34 880 (27.7)

≥85 mm Hg achieved (uncontrolled)

3372 (27.2)

42 781 (37.6)

46 153 (36.6)

HbA1c at baseline (%)*

7.2 (1.4)

7.4 (1.6)

7.4 (1.6)

Total cholesterol at baseline (mmol/L)*

4.8 (1.1)

5.2 (1.3)

5.2 (1.4)

Any

9562 (77.2)

57 741 (50.8)

67 303 (53.4)

Monotherapy

3796 (30.7)

29 440 (25.9)

33 236 (26.4)

Multiple therapy

5766 (46.6)

28 301 (24.9)

34 067 (27.0)

Lipid lowering

5862 (47.3)

46 638 (41.0)

52 500 (41.6)

Oral antidiabetic

5467 (44.2)

58 893 (51.8)

64 360 (51.0)

Insulin or oral antidiabetic

5726 (46.3)

61 264 (53.9)

66 990 (53.1)

Aspirin or other antiplatelet

9850 (79.6)

52 366 (46.0)

62 216 (49.3)

Smoking history

Body mass index*
Blood pressure at diagnosis (mm Hg)*

Diastolic blood pressure achieved during first year (mm Hg)*

Anti-hypertensive drug use (at baseline)

Other drug use (at any time)
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Patients with cardiovascular disease Patients without cardiovascular disease

Total

*Mean (standard deviation).
†Median (interquartile range).
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Patients with cardiovascular
disease
Hazard ratio (95% CI)

Patients without cardiovascular
disease

Total

P

Hazard ratio (95% CI)

P

Hazard ratio (95%
CI)

P

Systolic blood pressure control (mm Hg)
Model 1 (unadjusted)*
Tight control 3

<110

2.06 (1.67 to 2.55)

<0.001

2.17 (1.94 to 2.42)

<0.001

2.23 (2.02 to 2.45)

<0.001

Tight control 2

110-119

1.57 (1.34 to 1.84)

<0.001

1.36 (1.26 to 1.47)

<0.001

1.41 (1.31 to 1.51)

<0.001

Tight control 1

120-129

1.13 (0.99 to 1.28)

0.07

1.12 (1.05 to 1.19)

<0.001

1.12 (1.06 to 1.19)

<0.001

Usual control

130-139

1.00

—

1.00

—

1.00

—

Uncontrolled 1

140-149

1.03 (0.92 to 1.14)

0.61

1.06 (1.01 to 1.11)

0.02

1.05 (1.01 to 1.09)

0.01

Uncontrolled 2

150-159

1.08 (0.96 to 1.22)

0.21

1.14 (1.08 to 1.20)

<0.001

1.13 (1.07 to 1.18)

<0.001

Uncontrolled 3

≥160

1.22 (1.09 to 1.36)

<0.001

1.45 (1.38 to 1.53)

<0.001

1.42 (1.35 to 1.48)

<0.001

Tight control 3

<110

2.79 (1.74 to 4.48)

<0.001

2.42 (1.66 to 3.52)

<0.001

2.56 (1.89 to 3.47)

<0.001

Tight control 2

110-119

1.08 (0.71 to 1.62)

0.92

1.58 (1.27 to 1.96)

<0.001

1.47 (1.22 to 1.76)

<0.001
0.33

Model 2 (adjusted)†

Tight control 1

120-129

1.14 (0.85 to 1.54)

0.38

1.06 (0.90 to 1.26)

0.47

1.08 (0.93 to 1.25)

Usual control

130-139

1.00

—

1.00

—

1.00

—

Uncontrolled 1

140-149

0.78 (0.61 to 1.01)

0.06

0.91 (0.80 to 1.04)

0.21

0.89 (0.79 to 1.00)

0.05

Uncontrolled 2

150-159

0.81 (0.58 to 1.11)

0.17

1.07 (0.91 to 1.25)

0.42

1.01 (0.88 to 1.15)

0.89

Uncontrolled 3

≥160

0.79 (0.57 to 1.09)

0.15

1.16 (0.99 to 1.36)

0.06

1.09 (0.95 to 1.25)

0.23

Diastolic blood pressure control (mm Hg)
Model 1 (unadjusted)*
Tight control 3

<70

1.54 (1.39 to 1.69)

<0.001

1.80 (1.69 to 1.91)

<0.001

1.81 (1.71 to 1.91)

<0.001

Tight control 2

70-74

1.18 (1.06 to 1.32)

0.003

1.23 (1.18 to 1.29)

<0.001

1.24 (1.19 to 1.30)

<0.001

Tight control 1

75-79

0.77 (0.68 to 0.86)

<0.001

0.87 (0.82 to 0.92)

<0.001

0.87 (0.83 to 0.91)

<0.001

Usual control

80-84

1.00

—

1.00

—

1.00

—

Uncontrolled 1

85-89

0.87 (0.78 to 0.97)

0.02

0.73 (0.69 to 0.77)

<0.001

0.75 (0.72 to 0.78)

<0.001

Uncontrolled 2

90-94

0.99 (0.88 to 1.12)

0.93

0.92 (0.88 to 0.96)

<0.001

0.92 (0.88 to 0.96)

<0.001

Uncontrolled 3

≥95

1.04 (0.91 to 1.19)

0.58

0.96 (0.90 to 1.02)

0.81

0.95 (0.90 to 1.01)

0.11

<70

1.89 (1.40 to 2.56)

<0.001

1.54 (1.33 to 1.77)

<0.001

1.59 (1.41 to 1.80)

<0.001

Model 2 (adjusted)†
Tight control 3
Tight control 2

70-74

1.32 (1.02 to 1.78)

0.04

1.17 (1.02 to 1.34)

0.02

1.21 (1.07 to 1.37)

0.002

Tight control 1

75-79

0.98 (0.73 to 1.34)

0.92

0.87 (0.76 to 0.99)

0.04

0.89 (0.79 to 1.00)

0.06

Usual control

80-84

1.00

—

1.00

—

1.00

—

Uncontrolled 1

85-89

1.31 (0.96 to 1.79)

0.09

0.93 (0.81 to 1.07)

0.49

1.01 (0.88 to 1.14)

0.92

Uncontrolled 2

90-94

1.22 (0.82 to 1.83)

0.31

0.90 (0.76 to 1.07)

0.32

0.96 (0.82 to 1.13)

0.65

Uncontrolled 3

≥95

0.93 (0.53 to 1.64)

0.81

1.15 (0.95 to 1.39)

0.09

1.18 (0.98 to 1.43)

0.07

*Odds ratios were from logistic regression models; proportional hazards assumption was violated.
†Adjusted for age at diagnosis, sex, practice level clustering, socioeconomic deprivation score, body mass index, smoking, baseline HbA1c, baseline cholesterol
levels, and difference between achieved and baseline blood pressure.
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Table 2| Risk of all cause mortality in patients newly diagnosed with type 2 diabetes, by level of systolic and diastolic blood pressure
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Fig 1 Adjusted risk of all cause mortality in study participants, according to blood pressure level. Cox proportional hazard
regression models adjusted for age at diagnosis, sex, practice level clustering, deprivation score, body mass index, smoking,
baseline levels of HbA1c and cholesterol, and blood pressure at baseline.
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Fig 3 Kaplan-Meier survival estimates for all cause mortality according to blood pressure levels in study participants
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Fig 2 Kaplan-Meier survival estimates for all cause mortality in study participants with and without cardiovascular disease,
according to levels of systolic (SBP) and diastolic (DBP) blood pressure

