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BACKGROUND: There are few rigorous studies to confirm
or refute the commonly cited concern that control of blood
pressure to lower thresholds may result in an increased
risk of falls and fractures.
OBJECTIVE: To compare falls and fractures in partici-
pants with type 2 diabetes in the intensive (targeting a
systolic blood pressure of < 120 mmHg) and standard
(targeting a systolic blood pressure of < 140 mmHg) blood
pressure control arms of the Action to Control Cardiovas-
cular Risk in Diabetes (ACCORD) randomized trial (N=
4,733).
PARTICIPANTS: A subset of 3,099 participants self-
reported annually on the occurrence of falls and non-
spine fractures. Fractures were centrally adjudicated.
MAIN MEASURES: The incidence of falls in the two treat-
ment groups was compared using a random-effects neg-
ative binomial model, and fracture risk was compared
using Cox proportional hazards models.
KEY RESULTS: At enrollment in both groups, the mean
age was 62 years, 44 % were women, 25 % were Black,
and mean blood pressure was 138/75 mmHg. During
follow-up, all classes of medications, particularly thiazide
diuretics, were more commonly prescribed in the inten-
sive group. After 1 year of follow-up, the mean systolic
blood pressure was 133±15mmHg in the standard group
and 119±14 mmHg in the intensive group. The adjusted
rate of falls did not differ in the intensive and standard
groups (62.2/100 person-years vs. 74.1/100 person-
years, RR=0.84, 95 % CI 0.54–1.29, p=0.43). The risk of
non-spine fractures was nonsignificantly lower in the in-
tensive than in the standard blood pressure group (HR
0.79, 95 % CI 0.62–1.01, p=0.06).
CONCLUSIONS: We conclude that intensive antihyper-
tensive treatment that lowered mean systolic blood pres-
sure to below 120 mmHg was not associated with an

increased risk of falls or non-spine fractures in patients
age 40 to 79 years with type 2 diabetes.
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D espite evidence from clinical trials that treatment of
hypertension prevents cardiovascular events,1–3 physi-

cians and patients commonly express concern that tight con-
trol of blood pressure (BP) may place patients at risk for
hypotension, falls and fractures.4,5 Data to support this notion
are exceedingly sparse, because few trials have achieved sub-
stantial differences in blood pressure (BP) between comparison
groups or have collected data on falls or fractures. In the
Systolic Hypertension in the Elderly Program (SHEP), systolic
BP (SBP) fell from 170 to 144 mmHg in the active treatment
group and to 155 mmHg in the placebo group. About one-third
of participants in both groups reported feelings of unsteadiness
or imbalance, and more active treatment group participants
(12.8 %) than placebo group participants (10.6 %) reported
faintness on standing.6,7 However, falls and fractures did not
differ significantly between the treatment groups in SHEP.7 A
similar BP reduction was achieved in the Hypertension in the
Very Elderly Trial (HYVET) in patients age 80 years and older,
with very few reported adverse effects. An analysis of fractures
as a secondary outcome in HYVET reported a nonsignificant
decrease with treatment; falls were not reported.8

In the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial, participants with type 2 diabetes were random-
ly assigned to intensive BP therapy, targeting an SBP of
< 120 mmHg, or to standard therapy, targeting an SBP of
< 140 mmHg. Although there was a significantly lower risk
for stroke in the intensive group compared to the standard group,
the intensive group experienced more hypotension and adverse
events attributed to BP medications.9 In this paper, we compare
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the rates of falls and fractures in the intensive and standard
groups of the ACCORD BP trial, which achieved lower SBP
in the intensive group than either SHEP or HYVET.

METHODS

Study Design and Participants

The ACCORD trial was designed to test the effects of intensive
treatment of glycemia, blood pressure, and lipids on cardiovas-
cular disease (CVD) outcomes among people with diabetes.
Details regarding the general design of ACCORD are provided
elsewhere.10 Briefly, ACCORD was a multicenter, randomized
controlled clinical trial with a double factorial design that enrolled
10,251middle-aged and older participants with type 2 diabetes at
high risk for CVD events from 77 clinical centers (Supplemental
Figure 1 available online). The study protocol was approved by
an institutional review board or ethics committee at all clinical
centers and all participants provided written informed consent.
All participants were enrolled in the glycemia trial, and

randomized to intensive glycemia control (goal HbA1c <
6.0 %) or standard glycemia control (goal HbA1c 7.0–7.9 %).
A subset of 4,733 of these subjects who had systolic BP 130 to
179 mmHg and met eligibility criteria for the ACCORD BP
Trial were also randomized a second time to either intensive BP
control (goal SBP<120 mmHg, N=2,362), or standard BP
control (goal SBP<140 mmHg, N=2,371). Randomization in
both the glycemia and BP trials was stratified by clinical center.
The ACCORDBP Trial was designed to test the hypothesis that
a treatment strategy ofmore intensive SBP control would reduce
the incidence of a composite outcome of death from CVD, or
nonfatal myocardial infarction or stroke.11 Neither patients nor
investigators were blinded to treatment assignment. The princi-
pal results of the BP trial have been published, and demonstrated
that intensive BP control did not reduce the main pre-specified
composite cardiovascular outcome, although there was a benefit
on the stroke component of the composite outcome.9

The ACCORD BP trial was a study of a treatment strategy
to achieve specific SBP goals, rather than an evaluation of any
specific drug regimen. However, all the antihypertensive reg-
imens were to include drug classes that had been shown to
result in a reduction in CVD events among participants with
diabetes [thiazide diuretic, beta-blocker, calcium channel
blocker (CCB), angiotensin converting-enzyme (ACE) inhib-
itor, or angiotensin receptor blocker (ARB)]. All of these
antihypertensive drugs classes and many combination medi-
cations were provided by the study. For intensive participants,
a combination of a thiazide diuretic and either an ACE inhib-
itor or a beta-blocker was recommended as initial therapy.
Details of the adjustment of medication doses, and antihyper-
tensive drug regimens have been published.11 BP was mea-
sured by trained technicians using an appropriate sized cuff
and an automated device (Omron 907). It was recorded as the
average of three measurements after 5 min rest with the
participant seated in a chair.

Outcomes

Data on falls and fractures were collected as part of an ancil-
lary study called ACCORD-BONE, and these outcomes in the
ACCORD glycemia trial have been published.12 Five of the
seven clinical center networks agreed to participate in
ACCORD-BONE, including 54 of 77 clinical sites and
3,099 BP trial participants (1,534 in the intensive and 1,565
in the standard BP control groups, Supplemental Figure 1,
available online). Beginning in January 2006, participants
were asked at their annual visits about the occurrence of any
falls in the previous 12 months. Falling was defined as having
“fallen or landed on the floor or ground, or fallen and hit an
object like a table or stair.”13 Participants who reported any fall
were asked the number of times they fell in the previous
12 months. Participants were also asked about the occurrence
of non-spine fractures at annual visits. In 2006, they were
asked if they had suffered any fractures since randomization,
and after 2006, about fractures since their last annual visit. The
mean follow-up time for falls was 3.5 years, and the mean
follow-up time for fractures was 4.9 years.
Reported fracture events were centrally adjudicated, based

on radiology reports, at the University of California, San
Francisco, with the adjudicators blinded to treatment assign-
ment. A sample of the adjudication results was reviewed by a
panel of experts at two time-points during the trial. Patholog-
ical fractures, confirmed as occurring secondary to neoplasm,
necrosis, or sepsis, or periprosthetic fractures, were excluded
(N=6). Only confirmed non-spine fractures were included in
these analyses as the primary outcome. Hip, proximal humer-
us, distal forearm, ankle and foot fractures were analyzed
individually as secondary outcomes.

Other Variables

Information on age, sex, race, ethnicity, diabetes duration,
diabetes and antihypertensive treatment, history of smoking,
and history of CVD were collected at baseline using standard-
ized questionnaires. Height, weight, BP, and visual acuity were
measured according to a standardized protocol by trained tech-
nicians. The presence of peripheral neuropathy at baseline was
determined from a foot exam based on the Michigan Neurop-
athy Screening Instrument. Hgb A1c and creatinine were mea-
sured in a central laboratory, and estimated glomerular filtration
rate (GFR) was calculated using the Modification of Diet in
Renal Disease (MDRD) equation.14 The number and classes of
antihypertensive medications and BP were assessed at visits
occurring at 4-month intervals following enrollment.

Statistical Analysis

The incidence of all falls, including repeated falling, was
compared using a random-effects negative binomial model
for repeated measures of the number of falls in each reporting
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period, with robust standard errors to account for clustering by
participant, and including the log of the length of the reporting
period as a so-called offset. The proportion of participants who
fell at least once or twice per year was compared using logistic
regression, also using robust standard errors. Fracture risk was
compared using Cox proportional hazards models. All models
were adjusted for randomized treatment assignment in the
glycemia trial, history of CVD at baseline, and study year for
the falls analysis. Cox regression models were also examined
after controlling for baseline use of estrogen in women and use
of thiazide diuretics as a time dependent covariate based on
reports from the annual exams. We tested for interaction by
age, sex, race/ethnicity, diabetes medication treatment at base-
line, and comorbidities at baseline (CVD, neuropathy, visual
impairment.)

RESULTS

The mean age of the participants included in this analysis was
62 years, 44 % were women, 25 % were Black, and 2 % were
Hispanic (Table 1). About 88 % were treated with antihyperten-
sive drugs, 22 %were treated with a thiazolidinedione and 39 %
were treated with insulin at baseline. Baseline characteristics
were generally comparable between intensive and standard
groups, and mean BP in both groups was about 138/75 mmHg.
Data on use of osteoporosis medications was not collected at
baseline; however, only 4.7 % of intensive participants and
3.6 % of standard group participants (p=0.14) ever reported
use of an osteoporosis medication after 1 January 2007.
Systolic and diastolic BP (DBP) fell in both groups, sepa-

rating by 4months after randomization (Fig. 1). SBP stabilized
by 1 year of follow-up in both groups, and the mean±standard
deviation SBP thereafter was 133±15 mmHg in the standard
group and 119±14 mmHg in the intensive group. DBP con-
tinued to fall throughout the study in both groups, but main-
tained a mean±standard deviation difference of 6±10 mmHg.
At the 12-month visit, the most commonly prescribed anti-

hypertensive medications were ACE inhibitors, followed by
thiazide diuretics and beta-blockers (Fig. 2). All classes of
medications were more commonly prescribed in the intensive
group than in the standard group at the 12-month visit, but the
largest difference was in thiazide diuretic use (76 % in the
intensive group and 40 % in the standard group.) In the
intensive group the mean number of antihypertensive medica-
tions prescribed was 3.3, compared with 1.9 in the standard
group.
Overall, the raw rate of falls was 69.8/100 person-years

during 3.5 years of follow-up. In the intensive group the
adjusted rate was slightly lower than in the standard group
(62.2/100 person-years vs. 74.1/100 person-years), but the
difference was not statistically significant (RR=0.84, 95 %
CI 0.54–1.29, p=0.43). In any given year, about 21 % of the
participants had at least one fall (Fig. 3) and 8 % had two or

more falls. The proportion with a fall did not differ between
the intensive (20 %) and standard groups (21 %, OR 0.94,
95 % CI 0.84–1.05, p=0.27) There was no heterogeneity in
the rate of falls between treatment groups over time or by age,
sex, ethnicity, baseline diabetes treatments, or comorbidities
(all p for interaction>0.05).
Overall, 270 participants had at least one confirmed non-

spine fracture (Table 2, Supplemental Figure 2, available
online). Of these, there were 17 hip, 63 ankle, 29 foot, 34
proximal humerus, and 25 distal forearm fractures. The risk of
all non-spine fractures combined was nonsignificantly lower
in the intensive compared to the standard BP group (HR 0.79,
95 % CI 0.62–1.01, p=0.06). With additional adjustment for
baseline estrogen use and thiazide diuretic use during follow-
up, the risk of fractures was not materially changed (Table 2).
The point estimate of the fracture risk for various sites was in
general nonsignificantly lower in the intensive compared to
the standard BP group. Foot fractures were significantly lower
in the intensive group in the adjusted models (models 2 and 3).

DISCUSSION

These results in patients with diabetes from the subset of
ACCORD-BONE participants in the ACCORD BP Trial

Table 1. Baseline Characteristics of ACCORD-BONE Participants
in the ACCORD Blood Pressure Trial (N=3,099) Intensive and

Standard Treatment Groups

Intensive*

(N=1,534)
Standard*

(N=1,565)
p value

Mean age (yr) 62.2±6.4 62.4±6.7 0.56
Female 660 (43.0) 695 (44.4) 0.45
Median duration
of diabetes (yr)

10.0±10.0 10.0±11.0 0.12

Mean Body mass
index (kg/m2)

32.5±5.5 32.4±5.2 0.46

Previous cardiovascular
event

525 (34.2) 521 (33.3) 0.59

Race/ethnicity
White 1,040 (67.8) 1,014 (64.8) 0.08
Black 375 (24.5) 403 (25.8) 0.41
Other 119 (7.8) 148 (9.5) 0.10

Medications
Any antihypertensive 1,351 (88.1) 1,374 (87.8) 0.83
ACE Inhibitor 844 (55.0) 816 (52.1) 0.11
Thiazide diuretic 423 (27.6) 467 (29.8) 0.16
Insulin 590 (38.5) 637 (40.7) 0.21
Metformin 866 (56.4) 901 (57.6) 0.54
Any sulfonylurea 753 (49.1) 730 (46.6) 0.18
Any thiazolidinedione 331 (21.6) 336 (21.5) 0.97

Estrogen (women only) 82/578 (12.4) 59/636 (8.5) 0.02
Statin 1,013 (66.0) 1,056 (67.5) 0.40

Blood pressure (mm Hg)
Mean systolic 138.0±16.2 138.6±15.9 0.32
Mean diastolic 75.3±10.7 75.5±10.3 0.81
Glycated hemoglobin (%)
Mean 8.4±1.1 8.3±1.0 0.08
Median 8.2±1.3 8.1±1.2 0.06

Mean serum
creatinine (mg/dl)

0.90±0.23 0.91±0.23 0.57

*Cell values are n (%), means±standard deviations or medians±
interquartile ranges
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show that intensive antihypertensive treatment that lowered
mean systolic BP to below 120mmHgwas not associated with
an increased risk of falls or non-spine fractures. We did not
identify a difference between treatment groups in the rate of
falls in any vulnerable subgroup, or find any evidence that the
treatment effect on fall risk varied over time.
Our possible trend toward lower fracture risk is consistent

with trends seen in HYVET, which examined treatment with
indapamide (with or without perindopril) compared with
matching placebos in hypertensive people age 80 years and

older.15 Both treatment groups in HYVET had BP 173/
91 mmHg at baseline; at 2 years of follow-up, the active
treatment group’s mean BP was 145/78 mmHg, 15/6 mmHg
lower than the placebo group. The trial was stopped early for
beneficial effects of treatment on stroke, total mortality, car-
diovascular events and heart failure. The risk of incident
fracture, a secondary endpoint, was 31 % lower in the active
treatment group (HR 0.69, 95 % CI 0.46–1.05, p=0.09).8

Following adjustment for age, sex, and previous use of beta
blockers, the HR for fractures was 0.58 (95 % CI 0.33–1.00,

Figure 1. a Systolic blood pressure (SBP) of ACCORD-BONE participants in the intensive and standard treatment groups of the ACCORD
Blood Pressure trial. b Diastolic blood pressure (DBP) of ACCORD-BONE participants in the intensive and standard treatment groups of the

ACCORD Blood Pressure trial.
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p=0.0498). The most common fracture types were femur and
forearm, but specific treatment effects on fracture sub-types
were not reported.
There are several possible mechanisms that could account

for the reduced fracture risk observed in both ACCORD-
BONE and HYVET. One potential mechanism is a thiazide-
induced increase in passive reabsorption of calcium in the
proximal renal tubules and resulting decreased excretion of
calcium.16,17 This physiologic effect of thiazides has been
linked with decreased bone loss in randomized trials18,19 and
decreased fracture risk in observational studies.20–25 In AC-
CORD (and also in ACCORD-BONE), there was more thia-
zide use in the intensive treatment group (Fig. 2), and in
HYVET, the active treatment group received indapamide, a
thiazide-like diuretic that has been shown to have similar
effects on calcium excretion as other thiazides.26–30 However,
thiazide diuretic use in the standard BP control group was
common and adjustment for thiazide diuretic use during the
study had a minimal effect on the observed hazard ratios for

fracture. Therefore, it is worth considering whether factors
other than the greater thiazide diuretic use in the intensive
BP control group could have contributed to the 22% reduction
in the relative rate of fracture.
Other antihypertensive drugs may also have played a role in

the reduced risk of fracture in the intensive BP treatment group
in ACCORD-BONE. Several observational studies have sug-
gested that treatment with beta blockers may reduce the inci-
dence of fractures,21,31–34 although other studies have not
found this association.25,35–37 Other reports have linked treat-
ment with CCB, ARB, or ACE inhibitors with a decreased risk
of fractures.20,34 It is not possible to distinguish effects of
medication treatment and BP lowering in either HYVET or
ACCORD-BONE, although some studies have suggested that
hypertension itself is a risk factor for bone mineral loss and
fractures,38,39 and therefore that lowering BP with a variety of
drugs may contribute to decreasing fracture risk.40 In contrast
to these long-term studies, two recent observational studies
found a short-term increased risk of hip fracture in the period
immediately following initiation of antihypertensive or diuret-
ic therapy in elderly patients.41,42

The central strength of this study is its design as a random-
ized trial comparing intensive and standard BP treatment. Our
null finding in ACCORD regarding an effect of intensive BP
treatment on falls runs counter to a commonly accepted belief
that intensive BP control will increase the risk of falls and
fractures. However, the evidence for this belief is limited. Only
one previous trial comparing BP interventions, the SHEP trial,
considered the outcome of falls, and this randomized trial
found no difference across BP treatment assignment.7 We
now provide a second randomized trial showing that falls are
not increased, even with the much lower BP levels achieved in
the ACCORD intensive BP group.
A substantial proportion of ACCORD BP trial participants

reported dizziness on standing following randomization, but
the proportion did not differ between the intensive and stan-
dard groups (44 % vs. 40 %, p=0.36).9 Orthostatic hypoten-
sion is also common in the elderly, with many population
estimates of prevalence in excess of 25 % in people age 60
years and older,43–46 although some studies report a lower
prevalence.47,48 In addition to age, hypertension and diabetes
are both risk factors for orthostatic hypotension.46,49,50 How-
ever, neither orthostatic hypotension nor antihypertensive
medications have been consistently associated with falls in
observational studies, many of which had important limita-
tions.5,51–57 Our results and review of the literature suggest a
need to carefully reconsider current thinking about associa-
tions of antihypertensive treatment and BP lowering with risk
for falls and fractures.
Given their risk factors for falls, it is somewhat surprising

that the rate of falls and fractures in the ACCORD BP trial
population was similar to that reported for non-diabetic pop-
ulations. Most published data on falls is in people age 65 years
and older. In this age group, about one-third report at least one
fall per year.58 One published study provided data on younger

Figure 2. Proportion of participants treated with various antihy-
pertensive drug classes at the 12-month visit in intensive and

standard treatment groups of the ACCORD Blood Pressure Trial
(ARB angiotensin receptor blocker, CCB calcium channel blocker).

Figure 3. Proportion of participants who fell in previous year at
each visit, by blood pressure treatment group.
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ages and reported at least one fall in the previous 2 years in
18.5 % of people age 20–45, 21.3 % of people age 46–64, and
34.8 % of people age 65 and older.59 At baseline in the
ACCORD BP trial, 66 % were age 40–64 and 34 % were
65 years and older. The rate of non-spine fractures in Olmsted
County among adults age 55–59 was 15.16 (per 1,000 person-
years) in men and 25.97 in women, similar to the 19.17
fracture incidence in the ACCORD BP Trial.60 These data
suggest that there was sufficient room for more falls and
fractures to occur if intensive BP control increased the risk.
Several limitations of this analysis should also be kept in

mind. First, questions about falls were only assessed annually
starting in 2006 and were based on self-report. Second, the
ACCORD BP trial was not blinded, so it is possible that
participants’ reports of falls may have been influenced by their
knowledge of their treatment assignment. However, given the
prevailing perception that treatment to lower BP is a risk factor
for falls, one would expect that the direction of bias in self-
reported falls would result in a higher rate of falls in the
intensive group. Third, because the study was not originally
designed to examine fracture risk, we lack data on some
important baseline variables, including a history of falls and
fractures, and complete data on medications to treat osteopo-
rosis. However, the trial design with randomization stratified
by clinical center should have resulted in equal distribution of
these variables in both groups. Fourth, the ACCORD BP trial
design tested a strategy to achieve BP targets, thus limiting our
ability to draw conclusions about effects of specific antihyper-
tensive treatments. Fifth, the ACCORD trial was designed to
examine the long-term effects of the interventions and was not
able to examine short-term effects of antihypertensive treat-
ment on falls and fractures. Given that the biggest fall in SBP
in the intensive group took place in the first several months of
the study, this might be the period of highest risk. Finally, the
ACCORD-BONE population had a mean age of 62 years and
excluded patients age 80 and older, so our data on falls may
not apply to an older age group. However, our results are
consistent with the HYVET fracture results in the very elderly.

Lowering BP using the medication algorithm in ACCORD
compared with standard treatment did not result in an in-
creased rate of falls or fractures, and in fact showed possible
trends towards fewer fractures in the intensively treated pa-
tients. Intensive lowering of systolic BP in ACCORD did not
affect the primary outcome of the trial and is not likely to be
adopted as a treatment guideline for patients with type 2
diabetes.9 However, the data reported here call into question
whether the commonly cited concern about the long-term risk
of falls and fractures should hinder the adoption of evidence-
based guidelines for blood pressure treatment in older people
and those with diabetes. Additional analyses in ACCORD and
studies in other populations are needed to explore other mech-
anisms by which BP treatment may influence risk of falls and
fractures, including effects on orthostatic hypotension and
orthostatic dizziness.
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