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Abstract

OBJECTIVE—EIlevated fibroblast growth factor 23 (FGF23), a hormone that regulates phosphate
homeostasis, has been associated with mortality, cardiovascular events, and stroke, and to arterial
calcification in chronic kidney disease (CKD), but its role in atherosclerosis is unclear and
population-based studies are lacking. We hypothesized that elevated FGF23 would associate with
carotid plague presence, area, and echogenicity in the race/ethnically diverse community-based
Northern Manhattan Study (NOMAS) sample.

APPROACH AND RESULTS—There were 1,512 stroke-free NOMAS participants with
FGF23 and 2D carotid ultrasound data (mean age 68+9 years; 61% women; 62% Hispanic, 18%
black, 18% white). We used multivariable linear and logistic regression to evaluate FGF23,
continuously and by quintiles, as a correlate of carotid plaque, plaque area (cubic root
transformed), and echogenicity adjusting for sociodemographic and vascular risk factors.
Participants with FGF23 levels in the top quintile were more likely to have carotid plaque
(OR=1.49 95% Cl=1.02-2.19, p=0.04) and larger plaque area (beta=0.32 mm2, 95% CI=0.10-0.53
mm?2, p=0.004) than those in the lowest quintile, adjusting for eGFR, demographics, and vascular
risk factors. Linear regression models also showed that log transformed FGF23 (LnFGF23)
associated with greater odds of plaque presence (OR=1.26 per LnFGF23, 95% CI=1.01-1.58,
p=0.04), and plaque area (beta=0.19 mm?2 per LnFGF23, 95% CI=0.07-0.31 mm?, p=0.002).

CONCLUSIONS—Higher FGF23 associated with greater likelihood and burden of carotid
atherosclerosis independent of CKD. Atherosclerosis may be a mechanism through which FGF23
increases cardiovascular events and stroke.

Keywords
Risk Factors for Stroke; Epidemiology; Atherosclerosis Risk Factors

Elevated fibroblast growth factor 23 (FGF23), a hormone that regulates phosphate
homeostasis, is a novel risk factor associated with cardiovascular events, stroke, and
mortality in chronic kidney disease (CKD) 1 2. Despite reported associations between
elevated FGF23 levels and cardiovascular disease in CKD, and increasingly in the general
population, the underlying mechanisms remain unclear 3-/. A potential etiology is suggested
by cross-sectional studies showing that elevated FGF23 is associated with greater carotid
plaque across CKD stages, but data on the association with carotid plaque in the general
population are lacking & 8-10,

Carotid plaque is a significant risk factor for cerebrovascular and cardiovascular

disease 11 12, Given previous findings that elevated FGF23 is a risk factor for incident
stroke3: 14, an association with carotid plaque would provide one possible mechanism. In
light of previous pathological and in vitro studies we hypothesized that elevations of plasma
FGF23 would associate with greater carotid plaque prevalence and plaque burden® 15, In
addition, given the possible role of FGF23 in arterial calcification, we also hypothesized that
elevated FGF23 would be associated with greater plague echogenicity. We tested these
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hypotheses in the race/ethnically diverse community-based Northern Manhattan Study
sample because race/ethnic differences in the impact of carotid plaque on stroke risk have
been reported, but their causes are not clear, and little is known about the role of

FGF23 16,17,

MATERIAL AND METHODS

Materials and Methods are available in the online-only Data Supplement.

RESULTS

There were 1,512 stroke-free NOMAS participants with FGF23 levels and 2D carotid
ultrasound data available. There were minor differences between NOMAS participants in
the study sample and those not included (Supplementary Table 1). The characteristics of the
sample are shown in Table 1. Carotid plague was present in 57% of the study group, which
is similar to the prevalence in the overall NOMAS sample (mean total plaque area 12+18
mmZ) 18

Examining FGF23 (mean=74.6 £ 102.8, RU/mL) as a continuous variable, we found that
each unit increase in natural log-transformed FGF23 levels was associated with significantly
greater odds of having carotid plaque and with greater total carotid plaque area (TCPA) after
adjusting for eGFR and sociodemographic and vascular risk factors (Table 2, model 3).
When we adjusted for serum phosphate and parathyroid hormone levels, the associations
were attenuated and were non-significant for plaque presence, but remained significant for
total plaque area (beta=0.17 mm2, 95% C1=0.06-0.30 mm2, p=0.006) per unit increase in
natural log-transformed FGF23 levels.

We also looked for a dose effect by dividing FGF23 into quintiles. Compared to the lowest
quintile of FGF23, there was a significant positive linear trend across increasing quintiles of
FGF23 for its association with plaque presence (p for trend=0.01) and TCPA (p for
trend=0.0007), adjusting for demographic and vascular risk factors (Table 2). However, only
participants with FGF23 values in the top quintile were significantly more likely to have
carotid plaque, or greater TCPA, than those in the lowest quintile, adjusting for
sociodemographic and vascular risk factors.

Restricting our analysis to participants without evidence of CKD (eGFR>59 mL/min/1.73
m?2), participants with FGF23 levels in the top quintile had greater TCPA (p=0.02 for the top
quintile vs. the lowest quintile; p for trend=0.009), but the association with carotid plaque
presence no longer reached significance (p=0.13 for the top quintile vs. the lowest quintile; p
for trend=0.05). The association between FGF23 and carotid plaque presence and area did
not differ by race/ethnicity.

To assess the association of elevated FGF23 with plaque echogenicity, we examined FGF23
in relation to GSM maximum values. First, we examined potential dose effects by analyzing
the top four quintiles (Q2, Q3, Q4, Q5) of FGF23 compared to the bottom quintile (Q1) as

correlates of GSM. We found a threshold effect for Q5. We then compared participants with
FGF23 levels in Q5 to those below and found those in Q5 to have significantly greater GSM
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adjusting for age, sex, race/ethnicity, and eGFR (beta=2.6, 95% CI=0.7 to 4.6, P=0.008).
Adjusting further for vascular risk factors, the positive association remained but no longer
reached significance (beta=1.9, 95% Cl1=-0.1 to 3.8,P=0.06). In a sensitivity analysis, when
limited to participants with eGFR>=60 and FGF23<400, all the associations with plaque
area remained similar and significant.

In a sensitivity analyses excluding participants with probable primary hyperparathyroidism
(n=4), those with FGF23 levels in the top quintile had greater odds of having carotid plaque
(OR=1.48 CI=1.01-2.18; p=0.04) and had greater plaque areas (beta=0.31 CI=0.09-0.52;
p=0.004) than those with FGF23 levels in the lowest quintile. None of the sociodemographic
or vascular risk factors were found to be effect modifiers of the associations between FGF23
and the markers of carotid atherosclerosis.

DISCUSSION

While cross-sectional and observational, these are the first population-based data that we are
aware of to support FGF23 as a possible risk factor for large vessel atherosclerosis. In this
stroke-free community-based sample of Latino, black, and white people living in the same
community, participants with elevated FGF23 levels were more likely to have carotid plaque
and greater TCPA, after adjusting for estimated kidney function, sociodemographic and
vascular risk factors. The association between FGF23 and TCPA remained significant even
in those without evidence of CKD.

The role of elevated FGF23 in atherosclerosis is controversial. The Cardiovascular Health
Study found that FGF23 was not associated with ankle brachial index, a measure of
peripheral artery disease, or with related events after controlling for vascular risk factors and
kidney function 19. Conversely, elevated FGF23 has been associated with impaired radial
and brachial vasoreactivity in a community population, suggesting a link with disease of
medium-sized arteries 20,

A recent histopathological analysis of calcified carotid plaques from patients who underwent
carotid endarterectomy found that FGF23 was present in 48 of 53 resected plaques even
though only 28 patients had detectable serum C-terminal FGF23.They also found that 45 of
48 plaques stained positive for intracellular FGF23. FGF23 was not found in healthy
segments of the vessel, suggesting FGF23 is produced locally in plaques and selectively in
diseased arteries To our knowledge no studies have evaluated associations of serum and
local FGF23 production and in our study all patients had detectable FGF23.

Mechanisms through which elevated FGF23 may cause atherosclerosis are unclear. To date
there has been mixed clinical evidence to support elevated FGF23 as a risk factor for arterial
calcification, including in the aorta, coronary artery, and carotid across CKD stages 8 21. 22,
The community-based Multi-Ethnic Study of Atherosclerosis did not find FGF23 levels to
be associated with atherosclerosis. 23 However, there is recent evidence that elevated FGF23
plays a role in fat mass and pathological lipid metabolism that might help explain how
FGF23 might have an impact on atherosclerosis since FGF23 null mice have both
cardiovascular calcifications due to dysregulated parathyroid hormone, Vitamin D, and

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shah et al. Page 5

calcium metabolism in addition to abnormal lipids. 24 25 In model 3, LDL was significantly
associated with echogenicity, and therefore a potential meditator along with smoking, blood
pressure and treatment for diabetes mellitus (data not shown). Lipid-lowering medication
was not a significant contributor.

Further study is also needed to investigate the role of other factors such as phosphorus
intake. Because FGF23 tightly regulates serum phosphate, it is not surprising that we found
no significant correlation between levels of the two markers. In vitro studies suggest that
isolated FGF23 overexpression does not potentiate vascular calcification 8. However, in
vitro elevated serum phosphate can increase expression of genes that predispose to
calcification 26, Other in vitro evidence has demonstrated that FGF23 potentiates arterial
smooth muscle calcification when local phosphate levels increase 15 27, Calcified tissue
increases echogenicity, and calcified plaque has been associated with a greater risk of
vascular events in this cohort 28, In the current study, FGF23 was associated with greater
echogenicity after adjusting for demographics and eGFR, but this was no longer significant
after adjusting for vascular risk factors. Also, there was no association between FG23 and
echogenicity when we restricted the analysis to those with plaque. Therefore, we are unable
to link FGF23 to calcified plaque.

Elevated FGF23 has been linked to an increased risk of stroke and a number of mechanism
could underlie this association 2. We recently reported that elevated FGF23 was associated
with an increased risk of incident hemorrhagic stroke in NOMAS 13, While the underlying
etiologies of the intracerebral hemorrhages in our sample were unknown, the high
prevalence of hypertension in NOMAS suggests that most were due to microvascular
disease, perhaps due to rupture of vessels previously damaged by arteriolosclerosis. While
the etiologies of small and large vessel disease do not overlap entirely, it is possible that
inflammation is a common underlying process. Inflammation is known to potentiate
atherosclerosis 3. We have previously shown that markers of inflammation are associated
with carotid atherosclerosis and white matter lesions, a marker of cerebral small vessel
disease, in NOMAS 31-33_ Recently, other studies have shown that FGF23 is associated with
elevation of inflammatory markers, and we plan future studies with NOMAS to explore
these relationships > 34,

Several limitations are noteworthy. Our data are cross-sectional and no causal conclusions
can be made about the temporal relationship between elevated FGF23 and carotid plaque
formation. Half of participants had FGF23 and carotid ultrasound on the same day, so we are
unable to account for potential changes in FGF23 over time, however longitudinal studies of
FGF23 levels demonstrate that they are stable 3°. In order to account for changes in time, we
adjusted for the time difference between FGF23 and carotid ultrasound. Strengths of our
study include the race/ethnically diverse urban population-based prospective design, and the
stroke-free status of participants at the time of the carotid and FGF23 measurements. We
also adjusted for important confounders, including co-morbid vascular risk factors and
kidney function.

Our study provides cross-sectional evidence of a relationship between elevated FGF23 and
carotid plaque presence, as well as greater plaque burden, after adjusting for estimated
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kidney function. Further, those with elevated FGF23 but without evidence of CKD also had
greater carotid plaque burden. These associations suggest FGF23 may be a risk factor for
large vessel atherosclerosis. If prospective observational and clinical studies further
implicate FGF23 in atherosclerotic plaque formation and progression, this hormone could
become a target for therapeutic interventions designed to lower it for prevention of large
vessel disease 36,

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We would like to thank the NOMAS staff, especially Janet DeRosa, the project manager.

Sour ces of Funding: this study was sponsored by the National Heart Lung and Blood Institute (RO1 HL 108623)
and the National Institute of Neurological Disorders and Stroke (R37 NS 29993 and K24 NS 062737).

Dr. Dong: is funded by related grants from the NIH (RO1 HL 108623, R37 NS 29998).

Dr. Elkind: is funded by related grants from the NIH (RO1 HL 108623, R37 NS 29998).
Dr. Sacco: is funded by related grants from the NIH (RO1 HL 108623, R37 NS 29998).
Dr. Mendez: is funded by a related grant from the NIH (R01 HL 108623).

Dr. Silverberg: is funded by a related grant from the NIH (R01 HL 108623).

Dr. Wolf: is funded by related grants from the NIH (R01HL108623, RO1DK076116, RO1DK081374,
RO1DK094796, K24DK093723, and U01DK099930).

Dr. Rundek: is funded by related grants from the NIH (R01 HL 108623, R37 NS 29998, K24 NS 062737).

Dr. Wright: is funded by related grants from the NIH (R01 HL 108623, R37 NS 29998).

Abbreviations

FGF23 Fibroblast Growth Factor 23

CKD Chronic Kidney Disease

NOMAS Northern Manhattan Study

TCPA Total Carotid Plaque Area

eGFR Estimated Glomerular Filtration Rate
References

1. Kendrick J, Cheung AK, Kaufman JS, Greene T, Roberts WL, Smits G, Chonchol M, Investigators
H. Fgf-23 associates with death, cardiovascular events, and initiation of chronic dialysis. J. Am.
Soc. Nephrol. 2011; 22:1913-1922. [PubMed: 21903574]

2. Gutierrez OM, Mannstadt M, Isakova T, Rauh-Hain JA, Tamez H, Shah A, Smith K, Lee H,
Thadhani R, Juppner H, Wolf M. Fibroblast growth factor 23 and mortality among patients
undergoing hemodialysis. N. Engl. J. Med. 2008; 359:584-592. [PubMed: 18687639]

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shah et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

Page 7

. van Venrooij NA, Pereira RC, Tintut Y, Fishbein MC, Tumber N, Demer LL, Salusky IB,

Wesseling-Perry K. Fgf23 protein expression in coronary arteries is associated with impaired
kidney function. Nephrol. Dial. Transplant. 2014; 29:1525-1532. [PubMed: 24459137]

. Ix JH, Katz R, Kestenbaum BR, de Boer IH, Chonchol M, Mukamal KJ, Rifkin D, Siscovick DS,

Sarnak MJ, Shlipak MG. Fibroblast growth factor-23 and death, heart failure, and cardiovascular
events in community-living individuals: Chs (cardiovascular health study). J. Am. Coll. Cardiol.
2012; 60:200-207. [PubMed: 22703926]

. Gutiérrez OM, Wolf M, Taylor EN. Fibroblast growth factor 23, cardiovascular disease risk factors,

and phosphorus intake in the health professionals follow-up study. Clin J Am Soc Nephrol. 2011,
6:2871-2878. [PubMed: 22034506]

. Scialla JJ, Lau WL, Reilly MP, Isakova T, Yang H-Y, Crouthamel MH, Chavkin NW, Rahman M,

Wahl P, Amaral AP, Hamano T, Master SR, Nessel L, Chai B, Xie D, Kallem RR, Chen J, Lash JP,
Kusek JW, Budoff MJ, Giachelli CM, Wolf M, Chronic Renal Insufficiency Cohort Study I.
Fibroblast growth factor 23 is not associated with and does not induce arterial calcification. Kidney
Int. 2013; 83:1159-1168. [PubMed: 23389416]

. Taylor EN, Rimm EB, Stampfer MJ, Curhan GC. Plasma fibroblast growth factor 23, parathyroid

hormone, phosphorus, and risk of coronary heart disease. Am. Heart J. 2011; 161:956-962.
[PubMed: 21570529]

. Nakayama M, Kaizu Y, Nagata M, Ura Y, Ikeda H, Shimamoto S, Kuma K. Fibroblast growth

factor 23 is associated with carotid artery calcification in chronic kidney disease patients not
undergoing dialysis: A cross-sectional study. BMC Nephrol. 2013; 14

. Balci M, Kirkpantur A, Gulbay M, Gurbuz OA. Plasma fibroblast growth factor-23 levels are

independently associated with carotid artery atherosclerosis in maintenance hemodialysis patients.
Hemodialysis international. International Symposium on Home Hemodialysis. 2010; 14:425-432.

. Voigt M, Fischer DC, Rimpau M, Schareck W, Haffner D. Fibroblast growth factor (fgf)-23 and
fetuin-a in calcified carotid atheroma. Histopathology. 2010; 56:775-788. [PubMed: 20546343]
Rundek T, Arif H, Boden-Albala B, Elkind MS, Paik MC, Sacco RL. Carotid plaque, a subclinical
precursor of vascular events: The northern manhattan study. Neurology. 2008; 70:1200-1207.
[PubMed: 18354078]

Spence JD. Carotid plaque measurement is superior to imt invited editorial comment on: Carotid
plaque, compared with carotid intima-media thickness, more accurately predicts coronary artery
disease events: A meta-analysis-yoichi inaba, m.D., jennifer a. Chen m.D., steven r. Bergmann
m.D., ph.D. Atherosclerosis. 2012; 220:34-35. [PubMed: 21803357]

Wright CB, Dong C, Stark M, Silverberg S, Rundek T, Elkind MSV, Sacco RL, Mendez A, Wolf
M. Plasma fgf23 and the risk of stroke: The northern manhattan study (nomas). Neurology. 2014
Panwar B, Jenny NS, Howard VJ, Wadley VG, Muntner P, Kissela BM, Judd SE, Gutierrez OM.
Fibroblast growth factor 23 and risk of incident stroke in community-living adults. Stroke; a
journal of cerebral circulation. 2015; 46:322-328.

Jimbo R, Kawakami-Mori F, Mu S, Hirohama D, Majtan B, Shimizu Y, Yatomi Y, Fukumoto S,
Fujita T, Shimosawa T. Fibroblast growth factor 23 accelerates phosphate-induced vascular
calcification in the absence of klotho deficiency. Kidney Int. 2014; 85:1103-1111. [PubMed:
24088960]

Tattersall MC, Gassett A, Korcarz CE, Gepner AD, Kaufman JD, Liu KJ, Astor BC, Sheppard L,
Kronmal RA, Stein JH. Predictors of carotid thickness and plaque progression during a decade:
The multi-ethnic study of atherosclerosis. Stroke; a Journal of Cerebral Circulation. 2014

Sacco RL, Boden-Albala B, Abel G, Lin IF, Elkind M, Hauser WA, Paik MC, Shea S. Race-ethnic
disparities in the impact of stroke risk factors: The northern manhattan stroke study. Stroke. 2001;
32:1725-1731. [PubMed: 11486097]

Kuo F, Gardener H, Dong C, Cabral D, Della-Morte D, Blanton SH, Elkind MS, Sacco RL,
Rundek T. Traditional cardiovascular risk factors explain the minority of the variability in carotid
plaque. Stroke. 2012; 43:1755-1760. [PubMed: 22550054]

Garimella PS, Ix JH, Katz R, Chonchol MB, Kestenbaum BR, de Boer IH, Siscovick DS, Shastri S,
Hiramoto JS, Shlipak MG, Sarnak MJ. Fibroblast growth factor 23, the ankle-brachial index, and

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shah et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 8

incident peripheral artery disease in the cardiovascular health study. Atherosclerosis. 2014;
233:91-96. [PubMed: 24529128]

Mirza MAI, Larsson A, Lind L, Larsson TE. Circulating fibroblast growth factor-23 is associated
with vascular dysfunction in the community. Atherosclerosis. 2009; 205:385-390. [PubMed:
19181315]

Schoppet M, Hofbauer LC, Brinskelle-Schmal N, Varennes A, Goudable J, Richard M, Hawa G,
Chapurlat R, Szulc P. Serum level of the phosphaturic factor fgf23 is associated with abdominal
aortic calcification in men: The strambo study. J. Clin. Endocrinol. Metab. 2012; 97:E575-583.
[PubMed: 22319041]

Desjardins L, Liabeuf S, Renard C, Lenglet A, Lemke HD, Choukroun G, Drueke TB, Massy ZA,
European Uremic Toxin Work G. Fgf23 is independently associated with vascular calcification but
not bone mineral density in patients at various ckd stages. Osteoporosis international: a journal
established as result of cooperation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA. 2012; 23:2017-2025.

Kestenbaum B, Sachs MC, Hoofhagle AN, Siscovick DS, Ix JH, Robinson-Cohen C, Lima JAC,
Polak JF, Blondon M, Ruzinski J, Rock D, de Boer IH. Fibroblast growth factor-23 and
cardiovascular disease in the general population: The multi-ethnic study of atherosclerosis. Circ
Heart Fail. 2014; 7:409-417. [PubMed: 24668259]

Shimada T, Kakitani M, Yamazaki Y, Hasegawa H, Takeuchi Y, Fujita T, Fukumoto S, Tomizuka
K, Yamashita T. Targeted ablation of fgf23 demonstrates an essential physiological role of fgf23
in phosphate and vitamin d metabolism. J. Clin. Invest. 2004; 113:561-568. [PubMed: 14966565]
Mirza MA, Alsio J, Hammarstedt A, Erben RG, Michaelsson K, Tivesten A, Marsell R, Orwoll E,
Karlsson MK, Ljunggren O, Mellstrom D, Lind L, Ohlsson C, Larsson TE. Circulating fibroblast
growth factor-23 is associated with fat mass and dyslipidemia in two independent cohorts of
elderly individuals. Arteriosclerosis, thrombosis, and vascular biology. 2011; 31:219-227.

Jono S, McKee MD, Murry CE, Shioi A, Nishizawa Y, Mori K, Morii H, Giachelli CM. Phosphate
regulation of vascular smooth muscle cell calcification. Circ. Res. 2000; 87:E10-17. [PubMed:
11009570]

Six |, Okazaki H, Gross P, Cagnard J, Boudot C, Maizel J, Drueke TB, Massy ZA. Direct, acute
effects of klotho and fgf23 on vascular smooth muscle and endothelium. PLoS ONE. 2014:9.
Prabhakaran S, Singh R, Zhou X, Ramas R, Sacco RL, Rundek T. Presence of calcified carotid
plaque predicts vascular events: The northern manhattan study. Atherosclerosis. 2007; 195:e197-
201. [PubMed: 17482197]

Mathew JS, Sachs MC, Katz R, Patton KK, Heckbert SR, Hoofnagle AN, Alonso A, Chonchol M,
Deo R, Ix JH, Siscovick DS, Kestenbaum B, de Boer IH. Fibroblast growth factor-23 and incident
atrial fibrillation: The multi-ethnic study of atherosclerosis (mesa) and the cardiovascular health
study (chs). Circulation. 2014; 130:298-307. [PubMed: 24920722]

Ross R. Atherosclerosis--an inflammatory disease. N. Engl. J. Med. 1999; 340:115-126. [PubMed:
9887164]

Alsulaimani S, Gardener H, Elkind MS, Cheung K, Sacco RL, Rundek T. Elevated homocysteine
and carotid plaque area and densitometry in the northern manhattan study. Stroke. 2013; 44:457-
461. [PubMed: 23287787]

Elkind MS, Cheng J, Boden-Albala B, Paik MC, Sacco RL, Northern Manhattan Stroke S.
Elevated white blood cell count and carotid plaque thickness : The northern manhattan stroke
study. Stroke; a Journal of Cerebral Circulation. 2001; 32:842-849.

Elkind MS, Cheng J, Boden-Albala B, Rundek T, Thomas J, Chen H, Rabbani LE, Sacco RL.
Tumor necrosis factor receptor levels are associated with carotid atherosclerosis. Stroke; a Journal
of Cerebral Circulation. 2002; 33:31-37.

Munoz Mendoza J, Isakova T, Ricardo AC, Xie H, Navaneethan SD, Anderson AH, Bazzano LA,
Xie D, Kretzler M, Nessel L, Hamm LL, Negrea L, Leonard MB, Raj D, Wolf M, Chronic Renal
Insufficiency C. Fibroblast growth factor 23 and inflammation in ckd. Clin J Am Soc Nephrol.
2012; 7:1155-1162. [PubMed: 22554719]

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Shah et al.

Page 9

35. Scialla JJ, Astor BC, Isakova T, Xie H, Appel LJ, Wolf M. Mineral metabolites and ckd
progression in african americans. Journal of the American Society of Nephrology : JASN. 2013;
24:125-135. [PubMed: 23243213]

36. Faul C, Amaral AP, Oskouei B, Hu MC, Sloan A, Isakova T, Gutierrez OM, Aguillon-Prada R,
Lincoln J, Hare JM, Mundel P, Morales A, Scialla J, Fischer M, Soliman EZ, Chen J, Go AS,
Rosas SE, Nessel L, Townsend RR, Feldman HI, St John Sutton M, Ojo A, Gadegbeku C, Di
Marco GS, Reuter S, Kentrup D, Tiemann K, Brand M, Hill JA, Moe OW, Kuro OM, Kusek JW,
Keane MG, Wolf M. Fgf23 induces left ventricular hypertrophy. J. Clin. Invest. 2011; 121:4393-
4408. [PubMed: 21985788]

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Shah et al.

Page 10

Significance

The hormone FGF23 is a novel risk factor for stroke and cardiovascular outcomes. These
are the first population-based data demonstrating that elevated FGF23 is associated with
the likelihood and burden of carotid atherosclerosis independent of CKD. Carotid
atherosclerosis is an important potentially modifiable stroke risk factor and may be a
mechanism through which FGF23 increases cardiovascular events and stroke.
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