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BACKGROUND: In patients with diabetes, delays in
controlling blood pressure are common, but the harms
of delays have not been quantified.
OBJECTIVE: To estimate the harms of delays in
controlling systolic blood pressure in middle-aged
adults with newly diagnosed Type 2 diabetes.
DESIGN: Decision analysis using diabetes complication
equations from the United Kingdom Prospective Diabe-
tes Study (UKPDS).
PARTICIPANTS: Hypothetical population of adults aged
50 to 59 years old with newly diagnosed Type 2 diabetes
based on characteristics from the National Health and
Nutrition Examination Surveys.
INTERVENTION: Delays in lowering systolic blood pres-
sure from 150 (uncontrolled) to 130 mmHg (controlled).
MAIN MEASURES: Lifetime complication rates (ampu-
tation, congestive heart failure, end-stage renal disease,
ischemic heart disease, myocardial infarction, and
stroke), average life expectancy and quality-adjusted
life expectancy (QALE).
KEY RESULTS: Compared to a lifetime of controlled
blood pressure, a lifetime of uncontrolled blood pres-
sure increased complications by 1855 events per
10,000 patients and decreased QALE by 332 days. A
1-year delay increased complications by 14 events per
10,000 patients and decreased QALE by 2 days. A 10-
year delay increased complications by 428 events per
10,000 patients and decreased QALE by 145 days.
Among complications, rates of stroke and myocardial
infarction increased to the greatest extent due to delays.
With a 20-year delay in achieving controlled blood
pressure, a baseline blood pressure of 160 mmHg
decreased QALE by 477 days, whereas a baseline of
140 mmHg decreased QALE by 142 days.
CONCLUSIONS: Among middle-aged adults with diabe-
tes, the harms of a 1-year delay in controlling blood
pressure may be small; however, delays of ten years or
more are expected to lower QALE to the same extent as
smoking in patients with cardiovascular disease.
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B lood pressure control is integral to diabetes treatment
for adults with diabetes.1–4 In the United Kingdom

Prospective Diabetes Study (UKPDS), tight blood pressure
control (average blood pressure 144/82 mmHg) reduced the
risk of mortality by 32% in patients with newly diagnosed
Type 2 diabetes compared to usual care (average blood
pressure 154/87 mmHg).5 Long-term follow-up of
UKPDS revealed that the majority of benefits from tight
blood pressure control are sustained only if control is
maintained.6

While the health benefits of tight blood pressure control
are well-accepted, blood pressure control is not consistently
attained in clinical practice.7–10 Failure to attain tight blood
pressure can be tied to critical junctures in the health care
experience. Poor access to health care has been implicated
as a barrier to achieving recommended blood pressure
goals.11 Among patients who have access to health care,
many experience clinical inertia in blood pressure manage-
ment,7,12–16 which can be due in part to a patient’s
unwillingness to take additional blood pressure medica-
tions.17 After medications are prescribed, at least one in five
patients with diabetes is nonadherent to their prescribed
medications.18–21

Multiple ongoing public health efforts are designed to
overcome the barriers at these critical junctures in order to
reduce delays in attaining blood pressure control. To
improve access to health care, American health policy
efforts have expanded insurance coverage for uninsured
middle-aged adults.22 To address clinical inertia, researchers
have made calls to reduce delays in blood pressure
intensification.7,12,15,16,23,24 These calls are supported by
specific recommendations in diabetes care guidelines. The
American Diabetes Association recommends a medication-
free lifestyle therapy trial of 3 months for patients whose
blood pressure is <10 mmHg above goal and immediate
initiation of medication for patients with blood pressure
levels ≥10 mmHg above goal.25 While public health efforts
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to hasten the lowering of blood pressure have prolif-
erated, the actual harms of delays in achieving tight
blood pressure control have, surprisingly, never been
quantified.

Quantifying the harms of delays in control of any
intermediate clinical outcome is challenging with classical
research methods. A randomized control trial of different
delays in blood pressure control would be impractical due to
the large number of possible delay periods and could be
considered unethical due to the known benefits of blood
pressure control. Observational studies would produce
findings that are likely biased by treatment selection issues.
Decision analysis does not have these limitations and
provides an opportunity to quantify the risks of delays in
controlling risk factors. Using decision analytic modeling,
we estimate the harms of different delays in controlling
blood pressure on health outcomes in middle-aged adults
with newly diagnosed Type 2 diabetes.

METHODS

Overview

We constructed a Monte Carlo simulation model based on
published equations from a diabetes complications model
based on the UKPDS trial.26 The UKPDS equations
simulate disease progression through seven individual
diabetes complications and mortality. This model has been
validated both internally and externally with data from
cardiovascular trials.27 The diabetes complications include
amputation, blindness, congestive heart failure, end-stage
renal disease, ischemic heart disease, myocardial infarction,
and stroke. UKPDS equations were used as published. The
racial composition of the UKPDS population was signifi-
cantly different from that of the current U.S. population. As
a result, we did not account for any influence of race
beyond differences in risk factor distributions.

We specified hypothetical patients who can remain
healthy or progressively develop diabetes complications
until death or age 95, whichever comes first. Because of the
structure of the UKPDS equations, each patient can
experience multiple different complications during their
lifetime, but each complication can only occur once per
patient lifetime. To achieve stable estimates of model
results, the model was run for a population of 10,000
hypothetical patients (iterations) for each delay period
(Fig. 1). (Microsoft Excel 2000, Microsoft, Seattle, WA
and @Risk 5.5, Palisades, Inc., Newfield, NY).

Population of Interest

The main population of interest was U.S. adults aged 50
to 59 years old with newly diagnosed Type 2 diabetes.
The hypothetical population was assumed to have the

demographic and clinical characteristics of pre-diabetes
patients found in the National Health and Nutrition
Examination Surveys (NHANES) (1999–2008). Patients
were defined as having pre-diabetes based on reporting
that they did not have a diagnosis of diabetes and any of
three criteria: 1) hemoglobin A1c levels 5.7-6.4%, 2)
fasting blood sugar levels 100–125 mg/dl (5.6-6.9 mmol/l),
or 3) oral glucose tolerance test results 140–199 mg/dl
(7.8-11.0 mmol/l).25

For each age and gender, population-level characteristics
were used including current smoking rates, total and high-
density lipoprotein cholesterol levels, body mass index, and
history of congestive heart failure (Online Appendix Table 1).
We assumed that the hemoglobin A1C at diagnosis was
6.5%.25 We also assumed that their duration of diabetes was
0 years. Since history of atrial fibrillation is not available in
NHANES, we used rates from a large United States managed
care population.28

Comparison Groups

To quantify the harms of delays, we compared a population
with newly diagnosed diabetes who had a lifetime of
controlled systolic blood pressure (130 mmHg) to popula-
tions who delay lowering systolic blood pressure from 150
to 130 mm Hg (delay populations). Based on diabetes care
guidelines, we chose a conservative goal of 130 mmHg to
represent controlled systolic blood pressure.25 An uncon-
trolled blood pressure of 150 mmHg was chosen to closely
match the blood pressure of the control arm of the UKPDS.5

Separate delay populations were modeled to have delays
ranging from 1 to 20 years (Fig. 1). A population was also
modeled to experience a lifetime of uncontrolled systolic
blood pressure (i.e. a lifetime systolic blood pressure of
150 mmHg) to estimate the maximum expected harm of
delays. Apart from systolic blood pressure, the comparison
groups were identical in terms of all population-level
variables (baseline and current smoking rates, total and

Figure 1. Model framework. Abbreviations: CHF, congestive heart
failure; ESRD, end-stage renal disease; IHD, ischemic heart

disease; MI, myocardial infarction.
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high-density lipoprotein levels, hemoglobin A1c, body mass
index, and history of congestive heart failure and atrial
fibrillation).

Outcomes of Interest

Outcomes of interest included lifetime complication rates
(amputation, congestive heart failure, end-stage renal disease,
ischemic heart disease, myocardial infarction, and stroke),
average life expectancy, and average quality-adjusted life
expectancy (QALE). The risk of blindness is not affected by
blood pressure levels in the UKPDS equations, so we do not
report blindness rates.26 We report the difference in lifetime
overall and individual complication rates, average life expec-
tancy, and average QALE between the population with a
lifetime of controlled systolic blood pressure and each of the
populations with delays in controlling systolic blood pressure.
QALE was calculated based on utilities directly elicited from a
racially/ethnically diverse sample of U.S. patients with Type 2
diabetes (Online Appendix Table 2).29 UKPDS utility values
were used for myocardial infarction and congestive heart
failure, since directly elicited values were not available.30 When
multiple health states occurred during a cycle, the lowest utility
value was used (minimum health state method). Delays in
controlling systolic blood pressure were assumed to have no
additional disutility.31

Sensitivity Analyses

In sensitivity analyses, we explored the effects of both higher
(160 mmHg) and lower baseline systolic blood pressure
(140 mmHg). We also quantified the harms of delays based on
utility values previously used in the UKPDS diabetes complica-
tions model and other prominent diabetes models, since utility
values may differ based on collection methods.29,32,33

To evaluate the effects of delays in blood pressure control in
other diabetes populations, we repeated the analysis using the
U.S. adult prevalent diabetes population. We defined preva-

lent diabetes by having any of the following criteria: 1) self-
reported diagnosis, 2) hemoglobin A1C levels ≥6.5%, 3)
fasting blood sugar levels ≥126 mg/dl (7.0 mmol/l), or 4) oral
glucose tolerance test results ≥200 mg/dl (11.0 mmol/l). We
used data from NHANES 1999–2008 to provide prevalent
diabetes population-level characteristics for current smoking
rates, smoking rates at diabetes diagnosis, total and high-
density lipoprotein cholesterol levels, body mass index, history
of congestive heart failure, duration of diabetes, and hemoglo-
bin A1c. We used atrial fibrillation rates from a large United
States managed care population, since these rates are not
available in NHANES.28

RESULTS

A lifetime of controlled systolic blood pressure led to 6296
complications per 10,000 patients, an average life expectancy
of 22.10 years, and an average QALE of 20.39 years (Table 1).
With a lifetime of uncontrolled systolic blood pressure (the
maximum expected harm of delays), complications increased
by 1855 events per 10,000 patients, average life expectancy
decreased by 209 days, and average QALE decreased by
332 days. The average rates of stroke and myocardial
infarction increased to the greatest extent compared to other
complications (Fig. 2 and Online Appendix Table 3).

A 1-year delay in controlling systolic blood pressure increased
lifetime complications by 14 events per 10,000 patients with a
range between 0 (end-stage renal disease) and five events
(myocardial infarction) per 10,000 patients for specific com-
plications. A 1-year delay did not affect average life expectancy
but decreased QALE by 2 days. A 5-year delay increased
lifetime complications by 164 events with individual compli-
cations increasing between 9 and 55 events per 10,000 patients.
Average life expectancy decreased by 30 days (14% of
maximum expected harm) and QALE decreased by 55 days
(16% of maximum expected harm). A 10-year delay increased
lifetime complications by 428 events per 10,000 patients and
increased individual complications between 29 and 125 events
per 10,000 patients. The average life expectancy decreased by

Table 1. Harm of Delays in Controlling Systolic Blood Pressure on Overall Diabetes Complication Rates, Life Expectancy and Quality-
Adjusted Life Expectancy*

Delay, y Overall diabetes complication rates† Life expectancy Quality-adjusted life expectancy

Events (95% CI) Difference‡ Years (95% CI) Days lost Years (95% CI) Days lost

0 6296 (6138–6454) – 22.10 (21.94–22.26) – 20.39 (20.24–20.54) –
1 6310 (6152–6468) 14 22.10 (21.94–22.26) 0 20.39 (20.23–20.54) 2
5 6460 (6301–6619) 164 22.01 (21.85–22.18) 30 20.24 (20.08–20.39) 55
10 6724 (6562–6886) 428 21.86 (21.69–22.02) 89 19.99 (19.84–20.15) 145
15 7071 (6906–7236) 775 21.70 (21.53–21.86) 146 19.76 (19.61–19.92) 229
20 7464 (7294–7634) 1168 21.59 (21.43–21.76) 184 19.60 (19.45–19.76) 287
Lifetime 8151 (7971–8331) 1855 21.53 (21.36–21.69) 209 19.48 (19.33–19.63) 332

*Delays were modeled for a hypothetical population of adults aged 50–59 year old with newly diagnosed Type 2 diabetes. During delays,
hypothetical patients were assumed to have uncontrolled systolic blood pressure (150 mmHg)
†Complications included amputation, congestive heart failure, end-stage renal disease, ischemic heart disease, myocardial infarction, and stroke.
Rates reported as events per 10,000 patients (95% Cl)
‡Difference in events between population with controlled blood pressure and populations with delays in controlling blood pressure
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89 days (43% of the maximum expected harm) and QALE
decreased by 145 days (44% of the maximum expected harm).
A 20-year delay increased lifetime complications by 1168
events per 10,000 patients and individual complications
increased between 115 and 343 events. Average life expectancy
decreased by 184 days (88% of the maximum expected harm)
and QALE decreased by 287 days (86% of the maximum
expected harm).

For delays between 2 and 20 years, lifetime complication
rates increased (Fig. 2) and average life expectancy and
average QALE decreased steadily with each additional year of
delay (Fig. 3). For each additional year of delay, lifetime
diabetes complications increased by an average of 61 events
per 10,000 patients (Range, 23–86). Additionally, life
expectancy decreased by an average of 10 days per year
(Range, 3–17) and QALE decreased by an average of 15 days
per year (Range, 9–24).

Sensitivity Analyses

The level of baseline systolic blood pressure affected the
degree to which delays in controlling blood pressure

affected health outcomes (Fig. 4). A lifetime systolic
blood pressure level of 160 mmHg decreased average
QALE by 544 days, compared to a lifetime systolic blood
pressure level of 140 mmHg which decreased QALE by
163 days. With a 1-year delay in achieving control, a
baseline systolic blood pressure level of 160 mmHg
decreased average QALE by 5 days, whereas a baseline
systolic blood pressure level of 140 mmHg decreased
QALE by 2 days. With a 20-year delay, a baseline blood
pressure of 160 mmHg decreased QALE by 477 days and
a baseline blood pressure of 140 mmHg decreased QALE
by 142 days. For delays between 2 and 20 years, each
additional year of delay decreased average QALE by an
average of 25 days per year (baseline systolic blood
pressure 160 mmHg) and 7 days per year (baseline systolic
blood pressure 140 mmHg).

Incorporating utility values used in other diabetes models
modified the degree of harm caused by delays but did not
alter the overall patterns of results. A lifetime of uncon-
trolled systolic blood pressure decreased average QALE by
254 days (vs. 332 days). A 1-year delay in controlling
systolic blood pressure decreased average QALE by 1 day
(vs. 2 days). For delays between 2 and 20 years, average
QALE decreased by an average of 12 days (vs. 15 days) per
year of delay.

For the prevalent diabetes population, delays in
controlling systolic blood affected complications, life
expectancy, and QALE to a lesser degree than the newly
diagnosed population (Online Appendix Tables 4 and 5).
Immediately controlled systolic blood pressure led to 4384
overall complications (vs. 6296 overall complications), an
average life expectancy of 16.70 years (vs. 22.10 years),
and an average QALE of 15.93 years (vs. 20.39 years). A
lifetime of uncontrolled blood pressure led to an additional
1354 overall complications (vs. 1855 overall complica-
tions), an average life expectancy of 16.21 years (vs. 21.53
years), and an average QALE of 15.23 years (vs. 19.48
years). A 1 year delay in blood pressure control increased
complications by 37 events and decreased average life

Figure 2. Harm of delays in controlling systolic blood pressure on
individual diabetes complication rates.

Figure 3. Harm of delays in controlling systolic blood pressure on
life expectancy and quality-adjusted life expectancy.

Figure 4. Harm of delays in controlling systolic blood pressure on
quality-adjusted life expectancy with different starting systolic

blood pressure levels.
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expectancy by 5 days and average QALE by 11 days. Each
delay between 2 and 20 years increased complications by
59 events and decreased average life expectancy by 9 days
and average QALE by 12 days.

DISCUSSION

To our knowledge, this study provides some of the first
insights into the expected magnitude of harm of different
delays in controlling blood pressure in patients with
diabetes. A 1-year delay in controlling systolic blood
pressure is expected to lead to small declines in health
outcomes. However, multiple years of delay, especially
above 10 years, are expected to lead to significant declines
in health outcomes. Among diabetes-related complications,
rates of stroke and myocardial infarction are projected to
increase to the greatest degree with delays in controlling
blood pressure. Additionally, the harms of delays are greater
when the baseline systolic blood pressure is higher.

The clinical significance of delays in controlling systolic
blood pressure can be better understood by comparing their
effects with those of other interventions. Delays in
achieving blood pressure control of 10 years or less are
expected to produce harms that are generally smaller than
the harms of not addressing other risk factors of cardiovas-
cular disease.34 For example, a patient with diabetes and a
baseline blood pressure level of 150 mmHg, who delays
blood pressure control for 10 years, is expected to lose 145
quality-adjusted days of life; whereas, the same patient is
expected to lose 398 quality-adjusted days if they do not
achieve a LDL cholesterol <100 mg/dL. On the other hand,
delays in achieving blood pressure control that are above
10 years are expected to produce harms that are comparable
to those of unmanaged cardiovascular risk factors. A 15 year
delay in controlling systolic blood pressure is expected to
lower QALE to the same degree as a lifetime of smoking in
patients with cardiovascular disease (a loss of 237 quality-
adjusted days).34

Given the current size of the diabetes population, our
results suggest that achieving and maintaining tight blood
pressure control earlier among U.S. middle-aged adults with
diabetes has the potential to generate substantial population-
level health benefits. Eliminating a 5-year delay in systolic
blood pressure control for the U.S. population of middle-
aged adults with newly diagnosed diabetes is expected to
save 86,000 years of life. Achieving and maintaining tight
blood pressure control requires that U.S. middle-aged adults
with diabetes have early and stable access to health care
throughout their disease course. Access to health care
services for the middle-aged population may be easier to
achieve through expanded health insurance coverage
expected to occur in 2014 due to the Affordable Care Act.22

While many years of delays in controlling blood pressure
are quite harmful, there may only be small harm from a

single year of delay. This contrast between long-term and
short-term delays has important implications for the timing
of initiation of drug therapy for blood pressure control.
Current diabetes care guidelines recommend that patients
with new onset hypertension undergo at most a 3-month
period of medication-free lifestyle therapy.25 This short
period of lifestyle therapy is undoubtedly motivated by a
desire to minimize patients’ exposure to hypertension.
However, our study results suggest that health care
providers may have more time, at least up to 1-year, to
focus on diabetes self-management and lifestyle modifica-
tion. This prolonged focus on lifestyle modification, at the
time of diagnosis, could have lifelong benefits for patients
with diabetes, since self-management increases diabetes
knowledge and improves outcomes.25,35–39 From the patient
perspective, extending the period of lifestyle therapy
without introducing medications may be in line with their
preferences, since many patients prefer to control blood
pressure through diet and exercise rather than with
antihypertensive medications.29 At the same time, these
preferences cannot be the indefinite arbiter of treatment
decisions as extensive delays in initiating medical therapy
for uncontrolled hypertension have negative consequences.

There are several limitations to our findings. Since this
study is based on a decision analytic model, our results are
contingent on the model assumptions. We specified delay
periods to start after diabetes diagnosis and to run
continuously, which may limit generalizability to other
patterns of delays. We also focused on one comparison of
systolic blood pressure levels in order to provide a model
clinical scenario for delays in control. As our sensitivity
analysis suggests, there are a countless number of blood
pressure comparisons and the exact impact of delays in
control will vary with each of them. In addition, our
analysis focuses on the health effects of traditional diabetes-
related complications and does not account for the potential
adverse effects of intensive blood pressure control therapies.
Intensive blood pressure control therapies may increase
adverse drug events due to polypharmacy,40 and intensive
therapies may not be preferred by individual patients over
conventional therapy.29 Interestingly, clinical trials such as
UKPDS have not clearly found a quality of life effect of
intensive blood pressure control therapies when using
standard quality of life instruments.31

Our results suggest that the harms of delays in controlling
systolic blood pressure depend on the duration of the delays
in middle-aged adults with newly diagnosed and prevalent
Type 2 diabetes. A 1-year delay in controlling systolic
blood pressure may lead to only small declines in life
expectancy and quality-adjusted life expectancy. However,
delays over 10 years may lead to large declines in health.
Discussions with patients about initiating intensive blood
pressure control could be enhanced by including informa-
tion on how postponing blood pressure control can affect
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their lifelong outcomes. This must be balanced with honest
conversation regarding the challenges of adopting lifestyle
therapy and complex medical therapies. Though our study
focused on delays in systolic blood pressure control in
middle-aged adults with diabetes, our results may have
implications for the management of other chronic diseases.
Future studies are needed to confirm these findings in
clinical practice and to evaluate whether delays in attaining
other intermediate clinical outcomes have similar relation-
ships with lifetime outcomes.
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