Article

Albuminuria and Rapid Loss of GFR and Risk of New
Hip and Pelvic Fractures
Joshua I. Barzilay,* Peggy Gao,† Catherine M. Clase,‡ Andrew Mente,†‡ Johannes F.E. Mann,§| Peter Sleight,¶
Salim Yusuf,†‡** and Koon K. Teo,†‡** on behalf of the OnTARGET/TRANSCEND Investigators

Summary
Background and objectives The microvascular circulation plays an important role in bone health. This study
examines whether albuminuria, a marker of renal microvascular disease, is associated with incident hip and
pelvic fractures.
Design, setting, participants, & measurements This study reanalyzed data from the Ongoing Telmisartan Alone
and in combination with Ramipril Global End Point Trial/Telmisartan Randomized Assessment Study in
Angiotensin-Converting Enzyme Intolerant Subjects with Cardiovascular Disease trials, which examined the
impact of renin angiotensin system blockade on cardiovascular outcomes (n=28,601). Albuminuria was deﬁned
as an albumin-to-creatinine ratio$30 mg/g (n=4597). Cox proportional hazards models were used to determine
the association of albuminuria with fracture risk adjusted for known risk factors for fractures, estimated GFR,
and rapid decline in estimated GFR ($5%/yr).
Results There were 276 hip and pelvic fractures during a mean of 4.6 years of follow-up. Participants with baseline
albuminuria had a signiﬁcantly increased risk of fracture compared with participants without albuminuria
(unadjusted hazard ratio=1.62 [1.22, 2.15], P,0.001; adjusted hazard ratio=1.36 [1.01, 1.84], P=0.05). A dosedependent relationship was observed, with macroalbuminuria having a large fracture risk (unadjusted hazard
ratio=2.01 [1.21, 3.35], P=0.007; adjusted hazard ratio=1.71 [1.007, 2.91], P=0.05) and microalbuminuria associating with borderline or no statistical signiﬁcance (unadjusted hazard ratio=1.52 [1.10, 2.09], P=0.01; adjusted
hazard ratio=1.28 [0.92, 1.78], P=0.15). Estimated GFR was not a predictor of fracture in any model, but rapid
loss of estimated GFR over the ﬁrst 2 years of follow-up predicted subsequent fracture (adjusted hazard
ratio=1.47 [1.05, 2.04], P=0.02).
Conclusions Albuminuria, especially macroalbuminuria, and rapid decline of estimated GFR predict hip and
pelvic fractures. These ﬁndings support a theoretical model of a relationship between underlying causes of
microalbuminuria and bone disease.
Clin J Am Soc Nephrol 8: 233–240, 2013. doi: 10.2215/CJN.06640712

Introduction
The microcirculation plays an important role in the
maintenance of bone physiology in both embryogenesis, where new blood vessel formation precedes
osteogenesis (1), and adult bone formation, where endothelial cells from capillaries at sites of bone remodeling release factors associated with mineralization
and the coupling of osteoclast and osteoblast function
(2). Bone perfusion is perturbed in avascular necrosis
and Paget’s disease, and it is diminished in osteoporotic hip fracture specimens compared with those
specimens from people having hip replacement surgery for arthritis (3).
The prevalence of microvascular disease (e.g., retinal
arteriolar narrowing and lacunar infarcts) increases
with age. Albuminuria—the excessive excretion of
albumin (.30 mg/g creatinine) in the urine—is, in
many people, a reﬂection of microvascular disease,
affecting ;15% of people 60–69 years of age and
www.cjasn.org Vol 8 February, 2013

;20% of people older than 69 years. In people with diabetes, the prevalence of albuminuria is even higher:
;37% and ;42%, respectively (4). Albuminuria is a
marker of endothelial dysfunction, and it is associated
with increased levels of markers of inﬂammation (5).
There is little previous work on the association of albuminuria with osteoporotic fracture risk. One study
identiﬁed a relationship between albuminuria and nonvertebral fractures in a general population sample (6).
However, no study has examined the association of albuminuria or changes in albuminuria with osteoporotic
fracture risk and adjusted the ﬁndings for estimated
GFR (eGFR) or the effect of changes in eGFR over time.
In the present study, we examine whether albuminuria, eGFR, change in albuminuria, and change in eGFR
are associated with an increased risk of hip and pelvic
fractures over 4.6 years of follow-up in participants in
the Ongoing Telmisartan Alone and in combination
with Ramipril Global End Point Trial (ONTARGET)
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and the Telmisartan Randomized Assessment Study in
Angiotensin-Converting Enzyme (ACE) Intolerant Subjects
with Cardiovascular Disease (TRANSCEND) studies of
people at high risk for vascular disease.

Materials and Methods
We used data prospectively collected in the ONTARGET
and TRANSCEND trials. The ONTARGET trial (7) was a
double-blind randomized cardiovascular outcome study
of 25,620 participants age$55 years with vascular disease
or diabetes mellitus randomly assigned to the angiotensin
receptor blocker telmisartan (80 mg/d), the ACE inhibitor
ramipril (10 mg/d), or a combination. The two medications led to equivalent cardiovascular and renal outcomes,
but their combination gave no additional beneﬁt overall
(8). The parallel TRANSCEND trial (9) compared telmisartan
with placebo in 5926 people who were intolerant of ACE
inhibitors, and it showed no statistically signiﬁcant effect
on the primary outcome (cardiovascular death, myocardial
infarction, stroke, or hospitalization for heart failure) but a
reduction in the risk of the secondary composite: cardiovascular death, myocardial infarction, and stroke (10). All participants signed informed consent on study entry. Each study
site had institutional review board (IRB) approval. Sites without an IRB were covered under the McMaster University
IRB. The studies were conducted in accordance with the Declaration of Helsinki.
For the current analyses of incident fracture, we excluded
314 participants with a history of hip or pelvic fracture
before enrollment or unknown fracture history. An additional 2631 participants were excluded who did not have
data on baseline albuminuria or eGFR. These exclusions left
28,601 participants for analysis (Figure 1). Urine albumin
and creatinine were measured centrally from ﬁrst morning
urine. eGFR was derived using the Modiﬁcation of Diet in
Renal Disease Equation (11) on uncalibrated, locally measured serum creatinine. Changes in eGFR per year during
the study period were estimated using within-patient linear regression. A rapid decline in eGFR was deﬁned as a
decrease in eGFR (negative slope) of $5% per year (12)
over the period baseline to 2 years.
Subjects were asked at baseline whether they had fallen
in the preceding year. At baseline, 2-year, and penultimate
visits, participants were asked whether they had sustained a
fracture in the preceding 2 years (ribs, spine, wrist, hip, and
pelvis). Those fractures that required hospitalization were
reported on the hospitalization record form. We analyzed the
ﬁrst occurrence of hip or pelvis fracture.
Baseline characteristics categorized by baseline albuminuria status were compared using standard statistical methods. The primary analyses used a time-to-event approach.
We examined them for the risk of the ﬁrst occurrence of hip
and pelvic fractures in participants with or without albuminuria at baseline. Albuminuria was further classiﬁed as
microalbuminuria (30–299 mg/g creatinine) or macroalbuminuria (.299 mg/g creatinine). We also examined the risk
of fracture from year 2 for an additional 2.6 years of followup among participants with or without albuminuria at baseline who also had an albuminuria and creatinine value
at year 2 of follow-up. We examined the risk of fracture
in people with persistent albuminuria versus people who

regressed, progressed, or remained without albuminuria,
and this information also permitted the examination of
the effect of rapid decline in eGFR. Risk comparisons are
displayed as hazard ratios (HRs) with 95% conﬁdence intervals (CIs). Adjustments were made in nested blocks as
follows: Model 1, unadjusted; Model 2 (demographic adjusted), adjusted for age, sex, and ethnicity; and Model 3
(osteoporosis adjusted), adjusted for factors in model 2,
factors associated with risk of osteoporosis [prevalent cardiovascular disease (13), smoking, body mass index (BMI),
alcohol use, and low level of physical activity], and baseline
eGFR. We also included terms for treatment (ACE inhibitor, angiotensin receptor blocker, or both). We tested for
interaction between albuminuria and age (categorized as
people less than 70 years of age versus people 70 years of
age and older), diabetes, and sex. Population attributable
risk for this high-risk vascular population was calculated as
P ðHR 2 1Þ
:
P ðHR 2 1 þ 1Þ
P is the prevalence of albuminuria. SAS, version 9.1 was
used for analyses.

Results
Baseline characteristics of the participants are shown in
Table 1. Of the 28,601 participants who were examined,
4597 (16.1%) had albuminuria. Those participants with albuminuria were older, more likely to be of non-European
ancestry, more likely to be current smokers, more likely to
have diabetes, more likely to have baseline coronary artery
disease, stroke, or peripheral arterial disease, and more
likely to have lower eGFR, than those participants without
albuminuria. Participants with albuminuria also had a
higher proportion with a rapid decline in eGFR ($5%
per year) from baseline to year 2 of follow-up. Mean
eGFR in both groups at baseline was .60 ml/min.
Over 4.6 years of follow-up, 276 participants (124 men
and 152 women) experienced a ﬁrst hip or pelvic fracture.
Among those participants with albuminuria (62 fractures),
the rate of ﬁrst fracture was 0.31/100 person-years,
whereas among those participants without albuminuria
(214 fractures), the rate was 0.19/100 person-years. The
unadjusted HR for the association between albuminuria
and fracture was 1.62 (95% CI=1.22, 2.15; P,0.001) (Table
2). Adjustment for age, sex, and ethnicity somewhat attenuated the risk (1.48 [1.12, 1.97]; P=0.006). With additional
adjustment for BMI, history of coronary artery disease,
stroke, or peripheral arterial disease, smoking status, baseline eGFR, alcohol use, and physical activity, the risk estimate was attenuated but remained statistically signiﬁcant
(1.35 [1.00, 1.82]; P=0.05). Increasing age, female sex, a history of diabetes, and a BMI less than 20 were also associated with fracture risk in the models. Low eGFR, at any
level, was not associated with fracture risk in any model
(all P values$0.22). There were also no differences by
race/ethnicity or treatment type.
A dose-dependent relationship was observed when
albuminuria was dichotomized. There were 46 ﬁrst fractures among 3583 participants with microalbuminuria
(0.29/100 person-years) and 16 fractures among 1014
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Figure 1. | Flow chart of Ongoing Telmisartan Alone and in combination with Ramipril Global End Point Trial (ONTARGET) and the
Telmisartan Randomized Assessment Study in Angiotensin-Converting Enzyme Intolerant Subjects with Cardiovascular Disease (TRANSCEND) participants showing albuminuria (ALB) status and the number of hip and pelvis fractures. ALB is defined as an albumin-to-creatinine
ratio$30 mg/g.

participants (0.39/100 person-years) with macroalbuminuria
(Table 3). In multivariate analysis, compared with participants without albuminuria, macroalbuminuria was associated with a statistically signiﬁcant fracture risk (unadjusted
HR=2.01 [1.21, 3.35], P=0.007; adjusted for osteoporosis risks
HR=1.71 [1.007, 2.91], P=0.05), whereas microalbuminuria
was associated with tendencies to increased risk that were
of borderline or no statistical signiﬁcance. The estimated
population attributable risk indicated that, of 100 fracture
events occurring in the population, an estimated 2.6%
(95% CI=0.07%–6.50%) would be prevented if every person
were free of macroalbuminuria.
Interaction terms of albuminuria with fracture risk by
age, diabetes status, and sex were not statistically significant (all P.0.21) (Supplemental Table 1).

To gain additional insight into the temporal relationship
of the progression or regression of albuminuria with fracture
risk, we examined the rate of ﬁrst hip and pelvic fractures
from year 2 to the last visit 2.6 years later in participants with
albuminuria and eGFR values both at baseline and year 2 of
follow-up (n=23,091 participants) (Table 4 and Supplemental
Table 2). There was no statistically signiﬁcant difference in
fracture risk between participants who never had albuminuria (2/2) and participants who regressed (+/2; unadjusted
HR=1.48 [0.80, 2.76], P=0.21; osteoporosis risk-adjusted
HR=1.24 [0.66, 2.33], P=0.50). Participants without albuminuria at baseline who progressed to albuminuria at year 2 and
patients with persistent baseline and 2-year albuminuria had
tendencies to higher subsequent fracture risk than those patients who were persistently normal (progression, unadjusted
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Table 1. Baseline characteristics of ONTARGET and TRANSCEND participants, without a history of hip or pelvic fractures before
study entry, stratified by the presence or absence of albuminuria (‡30 mg/g creatinine)

Overall

Patients
Male
Age,65 yr
Age=65–74 yr
Age$75 yr
History of diabetes
Asian
Arab
African
European
Native/aboriginal
Other
Never smoked
Former smoker
Current smoker
BL eGFR,30
BL eGFR$30 and ,45
BL eGFR$45 and ,60
BL eGFR$60
eGFR decrease from
baseline to year
2$5%/yr
CVD baseline

Albuminuria2

Albuminuria+

N

n

Percent

N

n

Percent

N

n

Percent

P
value

28,601
28,601
28,601
28,601
28,601
28,601
28,596
28,596
28,596
28,596
28,596
28,596
28,565
28,565
28,565
28,601
28,601
28,601
28,601
25,301

28,601
20,192
12,116
12,195
4290
10,602
4459
269
693
20,401
2514
260
10,606
14,488
3471
177
1436
5425
21,563
9310

100.0
70.6
42.4
42.6
15.0
37.1
15.6
0.9
2.4
71.3
8.8
0.9
37.1
50.7
12.2
0.6
5.0
19.0
75.4
36.8

24,004
24,004
24,004
24,004
24,004
24,004
23,999
23,999
23,999
23,999
23,999
23,999
23,973
23,973
23,973
24,004
24,004
24,004
24,004
21,478

24,004
16,986
10,396
10,164
3444
7695
3628
182
503
17,413
2062
211
8884
12,236
2853
81
917
4305
18,701
7582

100.0
70.8
43.3
42.3
14.3
32.1
15.1
0.8
2.1
72.6
8.6
0.9
37.1
51.0
11.9
0.3
3.8
17.9
77.9
35.3

4597
4597
4597
4597
4597
4597
4597
4597
4597
4597
4597
4597
4592
4592
4592
4597
4597
4597
4597
3823

4597
3206
1720
2031
846
2907
831
87
190
2988
452
49
1722
2252
618
96
519
1120
2862
1728

100.0
69.7
37.4
44.2
18.4
63.2
18.1
1.9
4.1
65.0
9.8
1.1
37.5
49.0
13.5
2.1
11.3
24.4
62.3
45.2

0.16
0.000
0.02
0.000
0.000
0.000
0.000
0.000
0.000
0.007
0.22
0.57
0.01
0.003
0.000
0.000
0.000
0.000
0.000

28,601

26,138

91.4

24,004

22,275

92.8

4597

3863

84.0

0.000

All participants had baseline urinary albumin levels and baseline and 2-year follow-up estimated GFR values. Mean age (years): albuminuria2, 66.3467.16; albuminuria+, 67.4067.43, P,0.001. Overall=66.5167.21. Baseline eGFR (ml/min): albuminuria2, 74.11618.86;
albuminuria+, 68.68622.71, P,0.001. Overall=73.24619.63. BMI (kg/m2): albuminuria2, 27.9864.46; albuminuria+, 28.7364.90, P,0.001.
Overall=28.1064.54. Percent decrease in eGFR (ml/min per 1.73m2) over 2 years: albuminuria2, 1%623%; albuminuria+, 6%624%
(P,0.001 compared with albuminuria2). Overall=2%623%. ONTARGET, Ongoing Telmisartan Alone and in combination with Ramipril
Global End Point Trial; TRANSCEND, Telmisartan Randomized Assessment Study in ACE Intolerant Subjects with Cardiovascular
Disease; BL, baseline; eGFR, estimated GFR; CVD, coronary artery disease, stroke, or peripheral arterial disease; BMI, body mass
index.

HR=2.06 [1.28, 3.32], P=0.003; osteoporosis risk-adjusted
HR=1.61 [0.99, 2.62], P=0.05; persistent unadjusted HR=1.79
[1.13, 2.83], P=0.01; osteoporosis risk-adjusted HR=1.52 [0.93,
2.47], P=0.09). In these models, there was a tendency for
eGFR,30 ml/min per 1.73 m2 to predict fractures, but this
ﬁnding did not reach formal signiﬁcance (osteoporosis riskadjusted HR=1.96 [0.91, 4.24], P=0.09). However, rapid
($5%) decline in eGFR was a statistically signiﬁcant risk factor for fracture risk over 2.5 years of follow-up (osteoporosis
risk-adjusted HR=1.47 [1.05, 2.04], P=0.02) in the fully adjusted model, which accounted for baseline albuminuria
and change in albuminuria over the ﬁrst 2 years of the study.

Discussion
In this study, we examined data from two studies of similar
participants (ONTARGET and TRANSCEND) to obtain insights into the relationship of albuminuria, a marker of
microvascular disease, with the risk of hip and pelvic fracture.
A statistically signiﬁcant association was found between baseline albuminuria and fracture risk over a 4.6-year period of
follow-up (1.36 [1.01, 1.84], P=0.04). The association did not
differ between those participants older and younger than 70

years of age, between men and women, or by diabetic status.
Risk was graded, higher for macroalbuminuria than for microalbuminuria. Progression to albuminuria during the study
increased the risk of subsequent hip and pelvis fractures, and
outcomes in those participants with regression of albuminuria were not statistically different from those outcomes in
participants who were persistently negative.
Two hypotheses may be proposed to explain the association of albuminuria with fracture risk that invoke causal
pathways between endothelial dysfunction or inﬂammation and bone fracture. One explanation is that albuminuria
is associated with reduced bone blood ﬂow and endothelial
dysfunction, resulting in a decreased rate of bone remodeling and loss of bone mineral density (14,15). Histologic
(14) and radiologic (16–18) studies of osteoporotic bone
have shown decreased interosseous blood ﬂow. Ovariectomized rats develop reduced bone marrow blood ﬂow together with reduced bone mineral density and evidence of
endothelial dysfunction (19). In people with type 1 diabetes
with microvascular complications, serum osteocalcin levels (a
protein involved in bone mineralization) are lower than in
those people without albuminuria (20,21). Also, in people
with type 1 diabetes, higher urinary albumin excretion is
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Table 2. Sequentially adjusted models of the association of albuminuria (>30 mg/g creatinine) with incident risk of hip and pelvic
fracture among ONTARGET and TRANSCEND participants without a history of hip or pelvic fractures before study entry stratified by
the absence or presence of albuminuria at baseline

Variables

M1: HR (95% CI)

M2: HR (95% CI)

M3: HR (95% CI)

BL ALB+ versus BL ALB2
Age (yr)
Female versus male
Asian versus European
Other versus European
BMI,20 versus BMI$30
BMI=20 to ,30 versus BMI$30
History of diabetes
History of CVD
Current versus never smoker
Former versus never smoker
BL eGFR MDRD,30
versus $60
BL eGFR MDRD=30 and
,45 versus $60
BL eGFR MDRD$45 and
,60 versus $60
Alcohol $3 drinks/d
(21 drinks/wk)
Physical activity less
than once a week
Ramipril (OT) versus
placebo (TR)
Telmisartan (OT + TR)
versus placebo (TR)
Combination (OT)
versus placebo (TR)

1.62 (1.22–2.15), P,0.001

1.48 (1.12–1.97), P=0.006
1.10 (1.08–1.11), P#0.001
2.62 (2.06–3.33), P#0.001
1.23 (0.89–1.69), P=0.22
0.89 (0.62–1.28), P=0.54

1.35 (1.00–1.82), P=0.05
1.09 (1.07–1.11), P#0.001
2.63 (2.01–3.45), P#0.001
1.07 (0.76–1.49), P=0.71
0.89 (0.62–1.28), P=0.53
3.55 (2.00–6.30), P#0.001
1.39 (1.03–1.88), P=0.03
1.34 (1.03–1.75), P=0.03
1.19 (0.77–1.83), P=0.44
1.14 (0.74–1.77), P=0.55
0.99 (0.75–1.31), P=0.94
1.65 (0.67–4.08), P=0.28
1.30 (0.85–1.99), P=0.22
1.14 (0.86–1.51), P=0.36
0.99 (0.36–2.68), P=0.98
0.97 (0.76–1.25), P=0.82
1.15 (0.72–1.84), P=0.56
1.23 (0.79–1.93), P=0.36
1.48 (0.93–2.33), P=0.10

Participants were followed for 4.6 years. All participants had baseline albuminuria and eGFR levels and 2-year eGFR values. eGFR is
ml/min per 1.73m2 ONTARGET, Ongoing Telmisartan Alone and in combination with Ramipril Global End Point Trial; TRANSCEND,
Telmisartan Randomized Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease; M, model; HR, hazard ration; CI,
conﬁdence interval; BL, baseline; ALB, albuminuria; BMI, body mass index; CVD, coronary artery disease, stroke, or peripheral arterial
disease; eGFR, estimated GFR; MDRD, Modiﬁcation of Diet in Renal Disease; OT, ONTARGET; TR, TRANSCEND.

Table 3. Hazard ratios for the association of baseline microalbuminuria (30–299 mg/g creatinine) and macroalbuminuria (>299 mg/g
creatinine) with incident hip and pelvic fractures among ONTARGET and TRANSCEND participants without a history of hip or pelvic
fractures

Variables

M1: HR (95% CI)

M2: HR (95% CI)

M3: HR (95% CI)

BL micro versus normal
BL macro versus normal

1.52 (1.10–2.09), P=0.01
2.01 (1.21–3.35), P=0.007

1.36 (0.99–1.87), P=0.06
2.02 (1.21–3.37), P=0.007

1.27 (0.910–1.76), P=0.16
1.71 (1.007–2.91), P=0.05

All other results are similar to Table 2. ONTARGET, Ongoing Telmisartan Alone and in combination with Ramipril Global End Point
Trial; TRANSCEND, Telmisartan Randomized Assessment Study in Angiotensin-Converting Enzyme Intolerant Subjects with Cardiovascular Disease; M, model; HR, hazard ration; CI, conﬁdence interval; BL, baseline.

associated with lower hip bone mineral density (22). In the
general population Tromsø study, higher albuminuria was
associated with lower bone mineral density in the distal radius in both men and women, although the ﬁnding was statistically signiﬁcant only in men (6).
An alternative or complementary hypothesis is that albuminuria is associated with decreased bone quality. Albuminuria is associated with inﬂammation and oxidative stress (23),

and bones with osteoporosis are characterized by the presence of inﬂammatory markers and mediators (24). In the
setting of diabetes, albuminuria is also associated with increased serum levels of advanced glycation end products
(25). Accumulation of advanced glycation end products in
bone collagen leads to inﬂammation, weakening of crosslinking between collagen ﬁbrils, and loss of bone plasticity
and strength (26,27). In keeping with this hypothesis, in the
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Table 4. Relative risks of incident hip and pelvic fractures among ONTARGET and TRANSCEND participants from year 2 to the last
visit at 4.2 years with baseline albuminuria status that progressed (2 → +), regressed (+ → 2), or stayed the same at 2 years of followup compared with participants with no albuminuria at baseline or year 2 of follow-up

Variables

M1: HR (95% CI)

M2: HR (95% CI)

M3: HR (95% CI)

ALB +/2 versus 2/2
ALB 2/+ versus 2/2
ALB +/+ versus 2/2
Age (yr)
Female versus male
Asian versus European
Other versus European
BMI,20 versus $30
BMI=20 to ,30 versus
BMI$30
History of diabetes
History of CVD
Current versus never
smoker
Former versus never
smoker
Year 2 eGFR MDRD,30
versus $60
Year 2 eGFR MDRD=30
and ,45 versus $60
Year 2 eGFR MDRD$45
and ,60 versus $60
Alcohol $3 drinks/d
(21 drinks/wk)
Physical activity less
than once a week
Rapid decline in
eGFR$5%/yr from
baseline to year 2

1.48 (0.80–2.76), P=0.21
2.06 (1.28–3.32), P=0.003
1.79 (1.13–2.83), P=0.01

1.31 (0.70–2.44), P=0.39
1.70 (1.05–2.75), P=0.03
1.70 (1.07–2.70), P=0.02
1.09 (1.07–1.12), P#0.001
2.40 (1.75–3.27), P#0.001
0.98 (0.63–1.52), P=0.92
0.88 (0.55–1.40), P=0.58

1.24 (0.66–2.33), P=0.50
1.61 (0.99–2.62), P=0.05
1.52 (0.93–2.47), P=0.09
1.09 (1.07–1.11), P#0.001
2.41 (1.70–3.43), P#0.001
0.87 (0.55–1.37), P=0.54
0.87 (0.54–1.39), P=0.55
2.42 (0.99–5.89), P=0.05
1.43 (0.97–2.11), P=0.07
1.25 (0.88–1.78), P=0.21
1.09 (0.62–1.91), P=0.76
1.28 (0.74–2.22), P=0.38
0.93 (0.65–1.34), P=0.69
1.96 (0.91–4.24), P=0.09
0.98 (0.58–1.67), P=0.95
0.88 (0.60–1.30), P=0.53
1.16 (0.37–3.68), P=0.80
0.92 (0.65–1.28), P=0.61
1.47 (1.05–2.04), P=0.02

eGFR is ml/min per 1.73m2. ONTARGET, Ongoing Telmisartan Alone and in combination with Ramipril Global End Point Trial;
TRANSCEND, Telmisartan Randomized Assessment Study in Angiotensin-Converting Enzyme Intolerant Subjects with Cardiovascular Disease; M, model; HR, hazard ration; CI, conﬁdence interval; ALB, albuminuria; BMI, body mass index; CVD, coronary artery
disease, stroke, or peripheral arterial disease; eGFR, estimated GFR; MDRD, Modiﬁcation of Diet in Renal Disease.

Tromsø study (6), the statistically signiﬁcant association between albuminuria and fracture risk in women was unlikely
to have been be mediated by bone mineral density, because
the effect size and statistical signiﬁcance of the association
changed little when bone mineral density was included in
the statistical model. Also in keeping with this hypothesis is
the observation that people with diabetes—who have higher
bone mineral density than people without diabetes and who
have a high prevalence of albuminuria—paradoxically have
more fractures (27).
It is also possible that albuminuria predicted fracture risk
because of uncontrolled confounding by vitamin D deﬁciency, hyperparathyroidism, hyperphosphatemia, and acidosis, because these factors are known to be associated with
albuminuria independent of GFR (28). These factors may
alter bone mineral density. None of them are available in
the datasets. However, these factors are more strongly associated with decreased GFR, and if uncontrolled confounding
explained the predictive effect of albuminuria on fractures,
one would expect that baseline GFR would also strongly
predict fractures, which was not the case in our study.

One other point regarding the relationship of albuminuria and fracture risk should be noted. The Tromsø study
(6), which was a prospective, observational study of a
population-based random sample, showed a statistically
signiﬁcant association between albuminuria and subsequent nonvertebral fractures in women but not men.
This ﬁnding differs from our ﬁndings of no differences
between the sexes for hip and pelvis fracture risk. The
sex difference in the Tromsø study was based on a prespeciﬁed analysis as two subgroups rather than a formal
test for interaction. We, however, chose a formal test for
interaction, which was not statistically signiﬁcant.
To our knowledge, this study is the ﬁrst to examine the
effects of albuminuria and eGFR adjusted for each other
and examine the association between change in albuminuria and change in eGFR on fracture risk. In our data,
baseline eGFR did not predict fractures, but in the models
that included eGFR trajectory, rate of eGFR loss was
predictive of fracture independent of albuminuria. The
importance of dynamic rather than static measures of eGFR
lends additional weight to the idea of a common element,
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which we hypothesize to be microvascular dysfunction
that is causal in both pathways.
The above ﬁndings are novel observations in a study characterized by prospective data collection, rigorous study
design, near-complete data capture, and ethnic diversity.
Major known risk factors for osteoporosis were captured
at baseline, permitting multivariate adjustment for their
effects. Because albuminuria was measured centrally, it is
unlikely that it led to ascertainment bias in the fracture
outcome. We recognize several limitations. Data on fractures were gathered with a plan to analyze the factors that
predicted them, but the speciﬁc analysis plan was conceived
after the data were collected. The number of outcomes
is relatively small, particularly in the analyses of the ﬁnal
2.6 years of the study, and the follow-up time is limited
compared with our understanding of the biologic trajectory and clinical history of the evolution of fracture risk
and fractures. The ONTARGET and TRANSCEND studies
consisted of people at high risk for cardiovascular disease, and although that makes them well suited to answer
questions around microvascular disease and in this case,
bone health, results may not be generalizable. All participants in this study were treated with renin-angiotensin
blockade, which reduces albuminuria, and this treatment
may have biased results, possibly to the null. We had no
information on whether fractures were high or low impact.
We assumed fractures were low impact and osteoporotic in
nature. However, we may have included some fractures
that were unrelated to osteoporosis or any other feature of
bone quality; this inclusion would be expected to reduce
precision but not introduce bias. Last, although the HRs for
hip and pelvic fractures were increased in association with
albuminuria and particularly, macroalbuminuria, the absolute percentage of fractures attributable to macroalbuminuria was low.
In conclusion, we found associations between albuminuria
and hip and pelvic fractures and between rapid loss of eGFR
and fractures. The signiﬁcance of these ﬁndings is the possibility that renal microvascular disease or generally, the microvascular environment may play a role in the pathogenesis
of some osteoporotic fractures. This ﬁnding leads to additional
questions around pathogenic mechanisms and provides opportunities for possible treatment and prophylaxis strategies
that target these pathways.
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