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Background: Fibroblast growth factor 23 (FGF23) has emerged as a novel risk factor for mortality and
cardiovascular events. Its association with the ankle-brachial index (ABI) and clinical peripheral artery
disease (PAD) is less known.
Methods: Using data (N ¼ 3143) from the Cardiovascular Health Study (CHS), a cohort of community
dwelling adults >65 years of age, we analyzed the cross-sectional association of FGF23 with ABI and its
association with incident clinical PAD events during 9.8 years of follow up using multinomial logistic
regression and Cox proportional hazards models respectively.
Results: The prevalence of cardiovascular disease (CVD) and traditional risk factors like diabetes, coronary artery disease, and heart failure increased across higher quartiles of FGF23. Compared to those with
ABI of 1.1e1.4, FGF23 per doubling at baseline was associated with prevalent PAD (ABI < 0.9) although
this association was attenuated after adjusting for CVD risk factors, and kidney function (OR 0.91, 95% CI
0.76e1.08). FGF23 was not associated with high ABI (>1.4) (OR 1.06, 95% CI 0.75e1.51). Higher FGF23 was
associated with incidence of PAD events in unadjusted, demographic adjusted, and CVD risk factor
adjusted models (HR 2.26, 95% CI 1.28e3.98; highest versus lowest quartile). The addition of estimated
glomerular ﬁltration and urine albumin to creatinine ratio to the model however, attenuated these
ﬁndings (HR 1.46, 95% CI, 0.79e2.70).
Conclusions: In community dwelling older adults, FGF23 was not associated with baseline low or high
ABI or incident PAD events after adjusting for confounding variables. These results suggest that FGF23
may primarily be associated with adverse cardiovascular outcomes through non atherosclerotic
mechanisms.
Ó 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Older adults and persons with chronic kidney disease (CKD)
have a higher prevalence and risk of peripheral artery disease (PAD)
than younger persons and those without kidney disease [1,2]. A low
ankle-brachial index (ABI < 0.9) has high sensitivity and moderately high speciﬁcity for atherosclerotic PAD [3]. However, high ABI
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(>1.40 or incompressible) values are not normal and are observed
commonly in persons with CKD, diabetes, and older age [4]. This is
thought to be due to non-compressible lower limb arteries as a
consequence of medial arterial calciﬁcation (MAC) [5]. Medial
arterial calciﬁcation and an elevated ABI have both been shown to
be associated with increased cardiovascular mortality and
morbidity [6e8]. In CKD a number of unique risk factors like
hyperphosphatemia, abnormal parathyroid hormone (PTH levels),
and lower 25-(OH) vitamin D levels may increase the risk of
calciﬁcation and be associated with cardiovascular disease (CVD)
events.
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Fibroblast growth factor 23 (FGF23) is a novel osteocyte derived
hormone that regulates phosphorus homeostasis and the activation
of 1,25(OH)2 vitamin D (also known as calcitriol) [9]. High serum
FGF23 has been associated with cardiovascular morbidity and
mortality, especially in patients with CKD [10e12]. We have previously demonstrated that FGF23 levels are elevated at very modest
decrements in kidney function [13] and that individuals with either
low ABI or high ABI have lower mean glomerular ﬁltration rate
(eGFR) than those with “normal” ABI levels [4]. Data are conﬂicting
regarding the role of FGF23 with vascular and coronary calciﬁcations [14e18,19,20,21]. To our knowledge, no prior study has evaluated the relationship of FGF23 with ABI, and only one has studied
the relationship of FGF23 with incident lower limb amputation in
advanced CKD [22]. We evaluated the association of FGF23 with ABI
and incident PAD in the Cardiovascular Health Study. We hypothesized that FGF23 would be associated both with abnormally high
and low ABI measurements in addition to incident PAD events
during longitudinal follow-up.
2. Methods
2.1. Participants
The Cardiovascular Health Study (CHS) is an observational study
of risk factors for cardiovascular disease among 5888 men and
women 65 years or older living in 4 communities (Forsyth County,
North Carolina; Sacramento County, California; Washington
County, Maryland; and Pittsburgh, PA). The majority of the 5201
participants who were enrolled in 1989e1990 were white. In
1992e1993, additional 687 African Americans were enrolled. For
both enrollment periods, random samples of Medicare eligibility
lists were used to recruit participants. All gave informed consent for
participation, and study methods were approved by local institutional review boards. A detailed description of the recruitment and
examination methods has been published elsewhere [23]. The
enrollment examination included medical history, physical examination, laboratory testing, and assessment for the presence of
cardiovascular disease. Participants were seen for yearly study
visits until 1998e1999 and interviewed by telephone every 6
months. Using yearly participant-reports and Medicare hospitalization records, discharge summaries have been requested for all
hospitalizations and full medical records have been reviewed for all
adjudicated outcomes. (A full list of the principal CHS investigators
and institutions can be found at http://www.chs-nhlbi.org/pi.htm).
2.2. Exposure variable
FGF23: Fasting (8-h) ethylenediamine tetraacetic acid specimens collected at the 1996e97 study visit were stored at 70  C
until 2010, when they were thawed and measured for FGF23 using
a C-terminal ELISA kit (Immutopics, San Clemente, California) [24].
Our estimates of the intra-assay and inter-assay coefﬁcients of
variation were 7.4% and 10.6%, respectively.
2.3. Outcomes
2.3.1. Cross-sectional analysis
ABI: The protocol used to measure ABI at the time of the 1998e
1999 visit has been described previously [25]. Brieﬂy, after at least
5 min rest and with the subject in a supine position, standard
mercury sphygmomanometers and a Doppler stethoscope (8 MHz,
Huntleigh Technology, Inc., Luton, United Kingdom) determined
the right brachial artery and right and left leg posterior tibial artery
systolic blood pressures. Duplicate measurements were obtained
and averaged. When a blood pressure could not be measured in the

right arm, the left arm was used. The ratio of the systolic blood
pressure in the leg to the arm deﬁned the leg-speciﬁc ABI. The
lower of the leg-speciﬁc ABIs was used as the patient-speciﬁc ABI
for this analysis. When arterial ﬂow was not abolished with the leg
blood pressure cuff inﬂated to >300 mmHg, the artery was deemed
incompressible. From the original 3406 participants at the year 9
visit, we excluded those with the following missing values; FGF23
(69), UACR (92), creatinine (1) and ABI (812) to reach our analysis
sample of 2432 participants.
2.3.2. Longitudinal analysis
Incident PAD: Participants with PAD at baseline (deﬁned as
either an ABI less than 0.90 at the baseline examination or both
exertional leg pain relieved by rest and a physician’s diagnosis of
PAD), were excluded (n ¼ 101, 3%). During follow-up, potential PAD
outcomes were initially identiﬁed by any of the following methods:
1) report of a PAD diagnosis by the participant at a clinic visit or
during a telephone call; 2) a PAD diagnosis found during review of
medical records for another event; 3) active surveillance of CMS
records for the ICD-9 codes 400.2 (atherosclerosis of the native
arteries of the extremities) and 443.9 (peripheral vascular disease,
unspeciﬁed). After potential PAD outcomes were identiﬁed by these
methods, medical records were reviewed, and a ﬁnal decision was
adjudicated by the Morbidity Subgroups of the CHS Clinical Events
Subcommittee. This analysis includes events that occurred through
June 30 2010. From the original 3406 participants at the year 9 visit,
we excluded those with the following missing values; FGF23 (69),
UACR (92), creatinine (1) and also those with prevalent PAD (101)
reaching our ﬁnal sample of 3143 participants. Of note, we included
participants in the longitudinal analysis even if they did not have
baseline ABI as long as they did not carry a ‘clinical’ diagnosis of
PAD. Therefore, the number of participants was higher for the
longitudinal analysis than the cross-sectional analysis.
Covariates: Age, sex, and race/ethnicity were determined by self
report. After a 5-min rest, seated blood pressure was determined in
duplicate using standard mercury sphygmomanometers (Hawksley
& Sons Ltd., Sussex, United Kingdom) [26] and results were averaged. Prevalent hypertension was deﬁned by a seated systolic blood
pressure >140 mmHg, diastolic blood pressure >90 mmHg, or
treatment for hypertension. Prevalent diabetes was deﬁned by use
of hypoglycemic agents or insulin, or fasting glucose level >126 mg/
dl. Smoking history was determined by questionnaire and categorized as current, past, or never. Methods of assessing prevalent
cardiovascular disease including coronary heart disease (CHD) and
heart failure (HF) in CHS have been described previously [27e29].
Height (cm) and weight (kg) were recorded without shoes and with
the patient wearing light clothes, and body mass index was
calculated (kg/m2). The Olympus Demand System (Olympus, Lake
Success, New York) determined serum total and high-density lipoprotein (HDL) cholesterol and triglyceride concentrations; lowdensity lipoprotein cholesterol concentrations were calculated using the Friedewald equation [30]. Cystatin C concentrations were
measured using a BN II nephelometer (Dade Behring Inc., Deerﬁeld,
Illinois) as described elsewhere [31]. Estimated glomerular ﬁltration rate (eGFR) was calculated using the equation:
eGFR ¼ 76.7  cystatin C (mg/l)1.19 [32]. We deﬁned CKD as either
eGFR <60 ml/min/1.73 m2 or ACR >30 mg/g [33].
2.4. Statistical analysis
2.4.1. Cross-sectional analysis
We categorized participants into quartiles based on levels of
FGF23 and compared characteristics using Chi-square tests for
categorical variables and t-tests for continuous variables. We then
constructed natural piecewise cubic spline functions with ABI as
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We performed a sensitivity analysis by further adjusting for
serum calcium, phosphorus and vitamin D in a sub-cohort of 1308
CHS participants who had them measured.

the dependent variable and with pre-speciﬁed knots placed at the
quartiles of FGF23 to assess the functional form of the association of
continuous ABI and FGF23, adjusting for age, sex, and race. Given its
right skewed distribution, FGF23 levels were log base 2 transformed, which facilitated interpretation of hazard ratios “per
doubling” of FGF23 concentrations. Multinomial logistic regression,
with ABI of 1.10e1.40 as the reference group, was then used to
compare the cross-sectional association of FGF23 with ABI categories in the following nested models 1. adjusted for age, gender,
and race; 2. additionally adjusted for smoking, diabetes mellitus,
hypertension, serum total cholesterol, C-reactive protein (CRP), and
serum albumin; 3. additionally adjusted for prevalent CVD (deﬁned
as coronary artery disease [CAD], myocardial infarction [MI], and
stroke), and heart failure [HF], and 4. additionally adjusted for albuminecreatinine ratio (ACR) and eGFR.

3. Results
3.1. Baseline characteristics
Among 2432 participants included in the cross-sectional analysis, the mean age was 77  4 years, with 60% being women and
15% African Americans. Median (IQR) FGF23 level was 68.48 RU/ml
(52.76e93.39). In comparison to participants with FGF23 concentrations in the lowest quartile, those with higher levels were older,
more frequently women, and white (Table 1). Participants with
higher FGF23 concentrations also had a higher prevalence of diabetes, CVD, ‘and higher’ CRP, serum cystatin C, and urine ACR, but
lower eGFR. Participants with an ABI <0.9 at baseline comprised
18% of the cohort with the prevalence increasing in the higher FGF23 quartiles (p < 0.01). Three percent of participants had ABI values
>1.4 or incompressible at baseline.

2.4.2. Longitudinal analyses
In 3143 persons without clinical PAD, we evaluated the association between FGF23 with incident PAD events using Cox proportional hazards regression models. We initially evaluated FGF23 as a
continuous variable and in companion analyses we also assessed
associations by FGF23 quartiles allowing the lowest quartile to
serve as the reference category. Sequential models were adjusted as
described in cross-sectional analysis above. We also evaluated an
FGF23*CKD interaction term in the ﬁnal adjusted model based on
previous studies showing that associations of FGF23 with CVD
outcomes were signiﬁcantly stronger among individuals with CKD
[34]. S-Plus (release 8.0, Insightful Inc., Seattle, WA) and SPSS statistical software (release 15.0, SPSS Inc., Chicago, IL) were used for
the analyses. A p-value <0.05 was considered statistically signiﬁcant for all analyses including interaction terms.

3.2. Cross-sectional association of FGF23 with ABI
In cross-sectional analysis, higher serum FGF23 levels were
associated with ABI <0.9 (Fig. 1, Table 2), however the strength and
signiﬁcance were attenuated after adjusting for CVD risk factors,
eGFR and ACR (Table 2). Prevalent CVD, HF, and kidney function
measures were responsible for most of the attenuating effects.
There was no statistically signiﬁcant association between FGF23
levels and high ABI across the sequence of models.

Table 1
Baseline participant characteristics stratiﬁed by FGF23 level.
Characteristic

All participants

p for linearity

Quartile 1

Quartile 2

Quartile 3

Quartile 4

20.26e53.62

53.63e70.84

70.85e100.38

100.39e3715.86

2432
77 (4)
1447 (60%)
382 (16%)
173 (7%)
324 (13%)
654 (27%)
163 (7%)
113 (5%)
136 (20)
70 (11)

657
77 (4)
341 (52%)
147 (22%)
35 (5%)
62 (9%)
143 (22%)
15 (2%)
29 (4%)
136 (21)
71 (10)

645
77 (4)
371 (58%)
97 (15%)
32 (5%)
86 (13%)
156 (24%)
30 (5%)
39 (6%)
136 (19)
70 (11)

624
78 (4)
390 (63%)
74 (12%)
62 (10%)
84 (14%)
165 (26%)
36 (6%)
21 (3%)
136 (21)
70 (11)

506
78 (4)
345 (68%)
64 (13%)
44 (9%)
92 (18%)
190 (38%)
82 (16%)
21 (5%)
136 (21)
68 (11)

<0.001
<0.001
<0.001
0.001
<0.001
<0.001
<0.001
0.629
0.941
<0.001

17 (0.7%)
372 (15%)
245 (10%)
350 (14%)

5 (0.8%)
65 (10%)
47 (7%)
68 (10%)

1 (0.2%)
95 (15%)
58 (9%)
84 (13%)

3 (0.5%)
105 (17%)
80 (13%)
84 (14%)

8 (1.6%)
107 (21%)
60 (12%)
114 (23%)

0.111
<0.001
0.001
<0.001

202 (39)
3.83 (0.29)
2.30 [1.06, 5.04]
73 (19)
1.11 (0.33)
8.00 [4.46, 17.34]

199 (37)
3.85 (0.30)
1.76 [0.88, 3.89]
81 (19)
0.99 (0.19)
6.70 [4.09, 13.92]

203 (38)
3.85 (0.29)
2.24 [0.99, 4.55]
75 (17)
1.06 (0.22)
8.26 [4.42, 16.39]

202 (41)
3.82 (0.29)
2.75 [1.25, 5.51]
70 (16)
1.13 (0.24)
7.56 [4.47,16.49]

203 (40)
3.82 (0.29)
3.02 [1.46, 6.77]
61 (19)
1.33 (0.50)
10.67 [5.12, 32.58]

0.077
0.024
<0.001
<0.001
<0.001
<0.001

18%
42%
37%
3%

15%
44%
39%
3%

16%
41%
41%
2%

20%
43%
35%
2%

24%
38%
34%
3%

<0.001
0.120
0.028
0.734

Range
N
Mean age
Female
Blacks
Current smoker
Diabetes
CVD
HF
Stroke
SBP (mmHg)
DBP(mmHg)
Medication use
ASA
Beta blocker
Statin
ACE-I
Lab measures
Total cholesterol (mg/dl)
Serum albumin (mg/dl)
C-reactive protein* (mg/l)
eGFR (ml/min/1.73 m2)
Serum cystatin C (mg/l)
Urine ACR* (mg/g)
Baseline ABI value
 < 0.90
 0.90e1.09
 1.10e1.40
 >1.40

FGF23 levels

Abbreviations: FGF23 e ﬁbroblast growth factor 23, CVD e cardiovascular disease, HF e heart failure, SBP e systolic blood pressure, DBP e diastolic blood pressure, ASA e
aspirin, ACE-I e angiotensin converting enzyme inhibitor, eGFR e estimated glomerular ﬁltration rate, ACR e albuminecreatinine ratio, ABI e ankle brachial index.
Data are presented as number (percentages) or mean (SD), *median [IQR].

94

P.S. Garimella et al. / Atherosclerosis 233 (2014) 91e96

1.10

second, third and fourth quartiles were 0.72 (0.30e1.77), 1.30
(0.59e2.88) and 1.43 (0.61e3.34) respectively. In continuous analysis each two-fold increase in FGF23 was not associated with
increased risk of PAD events (HR 1.09, 95% CI 0.80e1.49).

1.05
1.00

ABI

4. Discussion

20

30

100

200

300 400

600 800

FGF-23 (RU/ml)
Abbreviations: FGF23- Fibroblast growth factor 23, ABI- ankle-brachial index

Fig. 1. Spline of ABI (y-axis) by FGF23 (x-axis) adjusted for age, gender and race.

3.3. Longitudinal association of FGF23 with incident PAD
There were 114 incident PAD events during a median follow up
of 9.8 years. The crude rates for PAD events were 0.28, 0.29, 0.45,
and 0.80 per 100 person-years in the respective higher FGF23
quartiles. The risk of incident PAD increased with higher levels of
FGF23, and participants in the highest quartile of FGF23 had 2.3
times the risk of incident PAD in comparison with the lowest
quartile, after adjusting for demographics, CVD risk factors, prevalent CVD and HF (Table 3). The addition of eGFR and ACR, however,
signiﬁcantly attenuated this association (HR 1.46 [95% CI, 0.79e
2.70]) and rendered it no longer statistically signiﬁcant. The
annualized rate of incident PAD events was higher (0.74%/year
versus 0.33%/year) in those with CKD compared to those without
CKD. We found no interaction between FGF23 and kidney function
deﬁned by the presence of CKD (eGFR < 60 ml/min/1.73 m2 or
ACR > 30 mg/g) or using continuous eGFR and ACR measures (p for
all interactions >0.75).
There were 59 PAD events among 1308 participants included in
the sensitivity analysis. The addition of calcium, phosphorus and
vitamin D to the fully adjusted model did not alter the associations
between FGF23 (continuous or quartiles) and clinical PAD events.
Compared to the lowest quartile of FGF23, the HR and 95% CI for the

To our knowledge, this is the ﬁrst study to evaluate the association between FGF23 levels with ABI and incident PAD. In this study
of community dwelling older adults, elevated levels of FGF23 were
not signiﬁcantly associated with either low or high ABI after
adjusting for prevalent CVD and measures of kidney function.
FGF23 was associated with increased risk of incident PAD in models
adjusted for demographics, CVD risk factors and prevalent CVD,
however this was attenuated after adjustment for measures of
kidney function. Although CKD was associated with a higher risk of
PAD events, it did not modify the relationship between FGF23 and
PAD events.
The results of our study showed no association between FGF23
with either high or low ABI in cross-sectional analyses. Although
there are no prior studies of which we are aware which have
evaluated this relationship, prior studies have evaluated the association of FGF23 with other measures of atherosclerosis. In particular, Mirza and colleagues in a cross-sectional study of 967 adults
over the age of 70 years noted that higher FGF23 levels were
associated with impaired vasoreactivity in individuals with eGFR
>60 ml/min/1.73 m2, and with increased arterial stiffness in those
with eGFR <60 ml/min/1.73 m2 [35]. In a subgroup of these individuals who underwent whole body magnetic resonance angiography, those with higher FGF23 levels had increased odds of both
overall atherosclerosis as well as stenosis [36]. This relationship
was not modiﬁed by kidney function although the magnitude of the
association was greater in those with eGFR <60 ml/min/1.73 m2.
The latter study did not, however, evaluate lower extremity PAD,
nor did adjust for level of ACR which is a potentially important
confounding variable. More recently, Scialla et al. evaluated the role
of FGF23 on coronary artery calciﬁcation (CAC) in persons with CKD
using data from the Chronic Renal Insufﬁciency Cohort (CRIC) [21].
In this study, the investigators found no association between FGF23
and CAC, after adjusting for underlying CVD, while elevated serum
phosphate was associated with greater CAC. They also demonstrated a procalciﬁc effect of phosphate on vascular smooth muscle
in vitro, and hypothesize that FGF23 and phosphate may differentially effect the cardiovascular system, with FGF23 acting on the
heart and phosphorus on the arteries [21].
We noted that FGF23 was associated with incident PAD after
adjustment for demographic factors, CVD risk factors and prevalent
CVD, but not after adjustment for eGFR and ACR. These data are
consistent with prior data from CHS, where higher FGF23 levels

Table 2
Association of FGF23 levels with ABI categories.
FGF23 levels

Baseline ABI value
<0.90

0.90e1.09

1.10e1.40 (reference)

>1.40

N (%)
Continuous FGF23 (per doubling)
Unadjusted
Model 1a
Model 2b
Model 3c
Model 4d

447 (18)
OR (95% CI)
1.30 (1.13, 1.48)
1.28 (1.11, 1.47)
1.14 (0.98, 1.34)
1.07 (0.91, 1.26)
0.91 (0.76, 1.08)

1017 (42)
OR (95% CI)
1.00 (0.89, 1.12)
0.95 (0.84, 1.07)
0.92 (0.80, 1.04)
0.90 (0.79, 1.02)
0.88 (0.77, 1.01)

908 (37)
OR (95% CI)
1.00
1.00
1.00
1.00
1.00

60 (3)
OR (95% CI)
1.19 (0.87, 1.62)
1.22 (0.84, 1.07)
1.14 (0.83, 1.58)
1.13 (0.81, 1.57)
1.06 (0.75, 1.51)

a
b
c
d

p
p
p
p
p

<
¼
¼
¼
¼

0.001
0.001
0.095
0.409
0.280

p
p
p
p
p

¼
¼
¼
¼
¼

0.944
0.409
0.183
0.097
0.064

Age, gender and race.
Further adjusted for smoking, diabetes, hypertension, total Cholesterol, C-reactive protein and serum albumin.
Further adjusted for prevalent cardiovascular disease and prevalent heart failure.
Further adjusted for eGFR and albuminuria.

p
p
p
p
p

¼
¼
¼
¼
¼

0.267
0.215
0.423
0.461
0.730

P.S. Garimella et al. / Atherosclerosis 233 (2014) 91e96

95

Table 3
Association of FGF23 with incident PAD events.
FGF23 range (RU/ml)

FGF23 quartiles
1

Annual event rate (# events/# at risk)
Unadjusted; HR (95% CI)
Model 1b; HR (95% CI)
Model 2c; HR (95% CI)
Model 3d; HR (95% CI)
Model 4e; HR (95% CI)

Linear model
2

3

4

<53.63

53.63e70.84

70.85e100.38

>100.38

0.28%
1.00
1.00
1.00
1.00
1.00

0.29%
1.05
1.12
1.01
1.01
0.89

0.45%
1.61
1.75
1.39
1.38
1.12

0.80%
2.99
3.26
2.37
2.26
1.46

(21/808)
(ref)
(ref)
(ref)
(ref)
(ref)

(21/804)
(0.57, 1.95)
(0.60, 2.09)
(0.54, 1.89)
(0.54, 1.89)
(0.48, 1.67)

(30/780)
(0.91, 2.85)
(0.98, 3.11)
(0.78, 2.49)
(0.77, 2.46)
(0.62, 2.02)

(42/751)
(1.75, 5.11)
(1.89, 5.64)
(1.36, 4.13)
(1.28, 3.98)
(0.79, 2.70)

Per doubling of FGF23

p-Valuea

1.54
1.56
1.38
1.35
1.12

<0.001
<0.001
0.001
0.003
0.331

(1.29, 1.83)
(131, 1.86)
(1.13, 1.67)
(1.10, 1.64)
(0.89, 1.41)

Abbreviations: FGF23 ¼ ﬁbroblast growth factor-23; SD standard deviation; HR ¼ hazard ratio; Cl ¼ conﬁdence interval.
a
p-Value for the linear Cox model.
b
Adjusted for age, gender and race.
c
Further adjusted for diabetes, hypertension, total cholesterol, CRP and albumin.
d
Further adjusted for prevalent CVD and HF.
e
Further adjusted for eGFR and ACR.

were not associated with incident myocardial infarction (MI)
(p > 0.05) [34], although they were associated with incident HF and
mortality [34]. While the presence of CKD signiﬁcantly strengthened the association between FGF23 and CVD events (p for interaction <0.006), it did not modify the relationship between FGF23
and MI, which is consistent with our results if MI and low ABI are
considered as more direct markers of atherosclerotic burden.
Similarly, among 833 persons with stable coronary artery disease in
the Heart and Soul Study, FGF23 was not associated in incident MI
although it was associated with mortality [12]. Recent data has
demonstrated that FGF23 directly induces increased LV mass and
LV hypertrophy in animal models [37]. Using data also from the
CHS, our group has recently shown that higher FGF23 levels were
associated with LVH and LV mass index and the strength of these
associations was greater in persons with CKD [38]. Given stronger
associations with HF and mortality risk than MI or PAD, it may be
that associations with death and HF are principally driven by
FGF23’s association with cardiac dysfunction and hypertrophy
[37,39,12,34,38]. In combination these results suggest that FGF23
may mark risk for adverse outcomes principally through nonatherosclerotic pathways.
We acknowledge however that our results are not consistent
with ﬁndings from the Homocysteine in Kidney and End Stage
Renal Disease (HOST) Study, where participants in the highest
quartile of FGF23 had signiﬁcantly higher risk of amputation and MI
[22]. The differences in results may be due to the differences in
study populations. Participants in HOST had a median eGFR of
18 ml/min/1.73 m2 in comparison to 73 ml/min/1.73 m2 in CHS,
they were also younger (69 versus 77 years) and were recruited as
part of a controlled trial while CHS was a community dwelling
population. In addition smoking, one of the strongest independent
risk factors for atherosclerotic PAD was more prevalent in HOST
study (range 10e27% across quartiles) as compared to CHS (range
5e9%).
Our study has a number of limitations. First, measures of FGF23
and ABI were non-concurrent for the cross-sectional analysis,
although there was only 1 year difference in the timing. Second, our
results cannot be extrapolated to persons with advanced kidney
disease, since the mean eGFR of CHS participants was 73 ml/min/
1.73 m2. Third, we could not adjust for serum phosphorus levels as
this was not measured in all participants at the year 9 visit, and we
could not account for other measures of mineral metabolism such
as activated vitamin D and klotho, which may be intermediaries
between FGF23 and vascular outcomes. However, in our sensitivity
analysis, our results did not change after adjusting for calcium,
phosphorus and vitamin D levels in a sub-cohort of the population.

Fourth the relatively low number of PAD events and individuals
with high ABI measurements may have led to reduced statistical
power to appreciate any differences, and therefore may have given
false negative results. Finally, because FGF-23 may be associated
with development and progression of CKD [40e43], we cannot rule
out the possibility that kidney function is not only a confounding
variable but also a mediating variable. In the latter case, adjustment
for kidney function may hinder the ability to detect a relationship
between FGF-23 with PAD. Given extensive data which show crosssectional relationships of FGF-23 with both albuminuria [44,45]
and eGFR [9,46,47], we have adjusted for kidney function in our
primary analyses.
Despite these limitations our study also has a number of
strengths. First, this is the ﬁrst study of which we are aware to
evaluate the association between FGF23 and both ABI as well as
PAD events in a large community living population of older adults.
Second, the CHS cohort has a long duration of follow up with accurate ascertainment of risk factors as well as adjudication of PAD
events done by a panel of experts. The inclusion of both genders,
black and white race, and recruitment from 4 sites across the US
increase the generalizability of our results to community living
elders.
5. Conclusions
In community living older adults, FGF23 levels were not independently associated with either high or low baseline values of ABI.
FGF23 was associated with incident PAD in analyses adjusting for
demographic factors, CVD risk factors and prevalent cardiovascular
disease, however, eGFR and ACR signiﬁcantly attenuated this relationship. These results suggest that FGF23 may primarily be associated with adverse health outcomes through non-atherosclerotic
mechanisms.
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