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Abstract
Background Fibroblast growth factor 23 (FGF23) is a hormone that regulates vitamin D activity. Higher circulating
FGF23 concentrations have been associated with an increased risk of infection-related hospitalization, but the
association of FGF23 with risk of sepsis remains unclear.
Methods We examined the association of FGF23 with incident sepsis events in the Reasons for Geographic and
Racial Differences in Stroke (REGARDS) study, a national longitudinal cohort of black and white adults $45 years
of age. Using a case-cohort design, we measured baseline FGF23 in 703 sepsis cases and in 991 participants
randomly selected from the REGARDS cohort. We deﬁned sepsis as the presence of a serious infection plus two or
more Systemic Inﬂammatory Response Syndrome criteria. We identiﬁed ﬁrst sepsis hospitalizations during
2003–2012 by adjudicated medical record review. Cox proportional hazards models were used to examine associations of FGF23 with incident sepsis, adjusting for age, sex, race, income, education, smoking, body mass index,
physical activity, chronic pulmonary disease, eGFR, urine albumin-creatinine ratio, and high-sensitivity C-reactive
protein. We also examined whether associations differed by age, race, sex, and CKD by testing interaction terms.
Results Higher FG23 concentrations were associated with greater risk of sepsis (hazard ratio [HR] per doubling of
FGF23, 1.37; 95% CI, 1.22 to 1.54) in models adjusted for sociodemographic and clinical variables. After further
adjusting for eGFR, urine albumin-creatinine ratio, and high-sensitivity C-reactive protein, the association was
attenuated and no longer statistically signiﬁcant (HR per doubling, 1.01; 95% CI, 0.85 to 1.21). The results did not
statistically differ by strata of age, sex, race, or CKD.
Conclusions In community-dwelling adults, higher FGF23 concentrations were not independently associated
with higher risk of sepsis.
KIDNEY360 1: 950–956, 2020. doi: https://doi.org/10.34067/KID.0000942020

Introduction
Fibroblast growth factor 23 (FGF23) plays a central role
in the regulation of phosphorus and vitamin D metabolism. The primary site of action of FGF23 is the
kidney, where it suppresses synthesis of the active
form of vitamin D, 1,25-dihydroxyvitamin D (1,25
[OH]2D), by inhibiting the expression of the enzyme
25-hydroxyvitamin D-1a-hydroxylase (CYP27B1) and
by inducing the expression of 24-hydroxylase, the primary catabolic pathway for vitamin D (1).
Increased secretion of FGF23 by bone cells is important for the maintenance of phosphorus balance in the
setting of phosphorus excess (like high dietary phosphorus intake or kidney disease). However, sustained
elevation in circulating FGF23 concentrations may have
long-term consequences. Numerous epidemiologic
studies have shown that higher FGF23 concentrations
are associated with all-cause and cardiovascular mortality, independently of other factors (1–6). In addition,
experimental data show that FGF23 enhances inﬂammation and impairs innate mmunity (7).
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Sepsis is the syndrome of a serious infection complicated by systemic and organ dysfunction, often
leading to shock and death (8,9). Higher FGF23 is
associated with greater risk of infection-related hospitalization in individuals with CKD (10) and in older
community-dwelling adults (11). However, it is unclear if FGF23 is associated with more serious infections complicated by sepsis.
In this study, we examined the association of plasma
FGF23 concentrations with risk of incident sepsis in
participants of the Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study. We hypothesized that higher circulating FGF23 concentrations
would be associated with increased incidence of sepsis,
independently of potential confounders.

Materials and Methods
The REGARDS study is a national, populationbased, longitudinal cohort study designed to examine
underlying causes for racial and regional differences in
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stroke. Details of the study design have been reviewed
elsewhere (12). Brieﬂy, the study was designed to provide
an approximately equal representation of men and women
and oversampled individuals who were black and individuals living in the Southeastern United States. Trained interviewers conducted computer-assisted telephone interviews
to obtain information including participants’ sociodemographics; cardiovascular risk factors; and use of antihypertensive, antiglycemic, and cholesterol-lowering medication.
After this call, health professionals conducted an in-home
study visit that included an electrocardiograph recording,
BP, height, weight measurements, an inventory of medications, and collection of blood and urine samples. Overall,
30,239 individuals were enrolled between January 2003 and
October 2007 (42% black, 55% women). Follow-up was
conducted by computer-assisted telephone interviews every
6 months for suspected medical events (or reported by
proxy in case of participants unable to respond).
The REGARDS study protocol was approved by the institutional review boards governing research in human
subjects at the participating centers, and all participants
provided written informed consent.
Primary Exposure
The primary exposure was baseline plasma FGF23, measured in previously collected samples from the in-home visit
that were stored at 280°C after a single thaw using a commercially available C-terminal ELISA (Immutopics, Santa
Clara, CA), with coefﬁcients of variation ,10%.
Outcome of Interest
The outcome of interest was ﬁrst sepsis hospitalization.
Methods for ascertaining sepsis in REGARDS have been
described elsewhere (13). Using logs from the semiannual
follow-ups, we retrieved medical records for all hospitalizations attributed to a serious infection (14). Two trained
research personnel independently reviewed each hospital record to conﬁrm the presence of a serious infection as a major
reason for hospital presentation and to identify pertinent
physiologic measures and laboratory assay test results from
the ﬁrst 28 hours of hospitalization, a period designed to
encompass the initial emergency department visit and one
full day in the hospital. We deﬁned sepsis events as hospitalizations with two or more Systemic Inﬂammatory Response
Syndrome criteria (8). In sensitivity analyses, we repeated the
analysis limited to sepsis events with a Sequential Organ
Failure Assessment (SOFA) score of two or more (9).
We identiﬁed sepsis events occurring during 2003–2012.
Covariates of Interest
Age, sex, race, body mass index (BMI), waist circumference, smoking history, annual family income, and educational attainment were determined by self-report. Systolic
and diastolic BP were deﬁned as the average of two seated
measures taken after a 5-minute rest. History of coronary
heart disease was deﬁned as having any of the following:
evidence of myocardial infarction on the baseline electrocardiograph, self-report of a prior history of a cardiac procedure (coronary artery bypass surgery or percutaneous
coronary intervention), or self-reported history of myocardial infarction. Diabetes was deﬁned as self-reported use of
insulin or oral hypoglycemic agents, fasting blood glucose
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concentration of $126 mg/dl or higher, or a nonfasting
blood glucose concentration of $200 mg/dl. Chronic pulmonary disease was deﬁned as use of pulmonary medications, including b-agonists; leukotriene inhibitors; inhaled
corticosteroids; combination inhalers; and other pulmonary
medications such as ipratropium, cromolyn, aminophylline,
and theophylline. High-sensitivity C-reactive protein
(hsCRP) was measured by particle-enhanced immunonephelometry (BNII nephelometer; Dade Behring). eGFR was
determined from isotope dilution mass spectrometry–
traceable serum creatinine measurements using the CKD–
Epidemiology Collaboration equation. Urine albumin measured by the BNII ProSpec nephelometer (Siemens AG) and
urine creatinine measured by the rate Jaffé method (Roche/
Hitachi, Basel, Switzerland) were used to calculate the urine
albumin-creatinine ratio (ACR). CKD was deﬁned as an
eGFR ,60 ml/min per 1.73 m2 or an ACR $30 mg/g.
Derivation of Case Cohort
We used a case-cohort study design to provide an unbiased estimate of the relative hazard of an outcome(s)
without requiring measurement of biomarkers in all
REGARDS participants (15). Cases included participants
who developed incident sepsis. The subcohort sample (comparison group) was selected using stratiﬁed sampling to
ensure sufﬁcient representation among demographic
groups. All participants with at least one follow-up contact
(n529,653) were categorized into 20 strata based on age
(45–54, 55–64, 65–74, 75–84, $85 years), race (black or
white), and sex (male or female). In each stratum, participants were randomly selected to fulﬁll the desired distribution: 50% black, 50% white, 50% female, 50% male, 20% age
45–54, 20% age 55–64, 25% age 65–74, 25% age 75–84, and
10% age $85. Weights were calculated to allow upweighting
of cohort random sample participants and cases back to the
original sample. The subcohort was sampled without regard
to FGF23 status or sepsis outcomes. For the sepsis cases, due
to ﬁnite resources, we selected a 50% random sample of all
REGARDS participants who developed sepsis for measurement of FGF23 in stored plasma samples.
Statistical Analyses
Descriptive statistics were used to compare participant
characteristics within the cohort random sample overall and
across quartiles of FGF23, using appropriate weights to
account for the stratiﬁed sampling design. After conﬁrming
the proportionality of hazards, Cox regression models for
case-cohort studies were used to estimate the hazard ratio
(HR) of incident sepsis as a function of baseline FGF23 (16).
Model 1 was adjusted for age, sex, race, region of recruitment, annual family income, and educational attainment.
Model 2 was adjusted for covariates in model 1 and current smoking, BMI, diabetes status, physical activity, and
chronic pulmonary disease. Model 3 was adjusted for covariates in model 2 and eGFR, log-transformed ACR, and logtransformed hsCRP. In all models, FGF23 was analyzed in
quartiles, with the lowest quartile serving as the referent
group and on a continuous scale after log base 2 transformation (interpreted as “per doubling” of FGF23). We examined
for effect modiﬁcation by age ($69 versus ,69 years), race, sex,
and CKD status by testing the statistical signiﬁcance of a multiplicative interaction term in the models (modeling FGF23 as
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Table 1. Baseline characteristics of the study population by quartiles of baseline fibroblast growth factor 23 concentrations in the random subcohort
Characteristics
Weighted N
Age, yr
Male sex
Black
BMI, kg/m2
SBP, mm Hg
DBP, mm Hg
, HS graduate
Income ,20K/yr
Smoking (current)
Exercise (none)
Comorbidities
Diabetes
CHD
COPD
eGFR, ml/min per 1.73 m2
,60 ml/min per 1.73 m2
ACR, mg/g
$30 mg/g
hsCRP, mg/L

Overall

Quartile 1
(,53 RU/ml)

Quartile 2
(53–70 RU/ml)

Quartile 3
(70.1–101 RU/ml)

Quartile 4
(.101 RU/ml)

27,959
65.0 (64.5 to 65.6)
45
41
29.2 (28.7 to 29.6)
127.2 (126.1 to 128.4)
76.3 (75.7 to 76.9)
12
16
14
34

6874
62.2 (61.2 to 63.2)
58
46
28.4 (27.6 to 29.1)
127.9 (125.2 to 130.6)
77.8 (76.4 to 79.1)
11
14
12
31

7238
64.3 (63.3 to 65.3)
46
37
29.1 (28.3 to 29.9)
126.6 (124.7 to 128.6)
76.8 (75.5 to 78.1)
10
11
9
29

6780
66.4 (65.3 to 67.4)
46
45
29.7 (28.9 to 30.5)
127.5 (125.0 to 129.9)
76.2 (74.7 to 77.7)
12
18
14
31

7067
67.3 (66.3 to 68.4)
30
36
29.4 (28.5 to 30.4)
126.7 (124.8 to 128.9)
74.5 (73.3 to 75.7)
16
21
21
43

21
17
9

17
13
4
93.3 (91.1 to 95.6)
2
6.4 (4.2–11.7)
8
1.6 (0.7–3.9)

15
11
9
87.1 (84.9 to 89.2)
5
6.6 (4.2–11.3)
8
2.0 (0.9–4.1)

22
16
10
80.2 (77.8 to 82.6)
8
7.6 (5.1–14.4)
15
2.4 (1.0–5.2)

28
27
12
69.1 (66.0 to 72.2)
23
9.3 (4.9–26.6)
20
2.8 (1.1–6.3)

10
7.1 (4.5–14.4)
13
2.2 (0.9–4.9)

Values are presented as means (95% CIs), median (interquartile range), or proportions. BMI, body mass index; SBP, systolic BP; DBP, diastolic BP; HS, high school; CHD, coronary heart disease;
COPD, chronic obstructive pulmonary disease; ACR, urine albumin-creatinine ratio; hsCRP, high-sensitivity C-reactive protein.
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Table 2. Hazard ratios (95% CIs) of incident sepsis as a function of baseline fibroblast growth factor 23 concentrations
Measure
N
Events
Model 1a
Model 2b
Model 3c

Quartile 1
(,53 RU/ml)

Quartile 2
(53–70 RU/ml)

Quartile 3
(70.1–101 RU/ml)

Quartile 4
(.101 RU/ml)

Per Doubling of
FGF23

233
107
Reference
Reference
Reference

255
118
1.08 (0.76 to 1.53)
0.96 (0.66 to 1.40)
0.81 (0.54 to 1.21)

243
181
1.55 (1.10 to 2.16)
1.25 (0.86 to 1.82)
0.95 (0.63 to 1.43)

260
297
2.32 (1.65 to 3.27)
1.62 (1.10 to 2.37)
0.97 (0.62 to 1.51)

991
703
1.37 (1.22 to 1.54)
1.21 (1.06 to 1.39)
1.01 (0.85 to 1.21)

a

Model 1 is adjusted for age, sex, race, region of recruitment, annual family income, and educational attainment.
Model 2 is adjusted for variables in model 2 plus current smoking, body mass index, diabetes status, physical activity, and chronic
pulmonary disease status.
c
Model 3 is adjusted for variables in model 3 and eGFR, log-transformed urine albumin-creatinine ratio, and log-transformed highsensitivity C-reactive protein.
b

a categoric variable in quartiles). A two-tailed P value ,0.05
was considered statistically signiﬁcant, except for analyses in
which interaction terms were tested, where a P value ,0.10
was considered statistically signiﬁcant.

Results

Study Population Characteristics
After excluding 95 participants who had missing FGF23
data or who had a history of sepsis at baseline, we included
a total of 703 individuals who developed sepsis during followup (cases) and 991 individuals in the random subcohort.
Table 1 depicts the overall characteristics of participants in
the random subcohort and by quartile of baseline FGF23. The
study sample had a median age of 65 years (95% CI, 64 to 66).
Participants with higher FGF23 concentrations were more likely
to be black; have higher BMI, lower educational achievement,
and lower income; were more likely to be currently smoking,
physically inactive, and have a history of diabetes; and had
higher ACR, lower eGFR, and higher hsCRP concentrations.
Associations of FGF23 with Sepsis
Table 2 depicts associations of baseline FGF23 concentrations with incident sepsis in Cox proportional hazard regression models. There was a graded increase in the HR of
incident sepsis with increasing quartiles of FGF23 in the
analysis adjusted for age, sex, race, geographic region of
residence, annual family income, and educational attainment (FGF23 ,53 RU/ml, reference; FGF23 53–70 RU/ml,
HR, 1.08; 95% CI, 0.76 to 1.53; FGF23 70.1–101 RU/ml, HR,
1.55; 95% CI, 1.10 to 2.16; FGF23 .101 RU/ml, HR, 2.32;
95% CI, 1.65 to 3.27 RU/ml). The relationship was attenuated but remained statistically signiﬁcant when further
adjusted for demographic and clinical variables (model
2). However, in the fully adjusted model that added eGFR,
ACR, and hsCRP, the association between FGF23 and incident sepsis was no longer statistically signiﬁcant (FGF23
,53 RU/ml, reference; FGF23 53–70 RU/ml, HR, 0.81; 95%
CI, 0.54 to 1.21; FGF23 70.1–101 RU/ml, HR, 0.95; 95% CI,
0.63 to 1.43; FGF23 .101 RU/ml, HR, 0.97; 95% CI, 0.62 to
1.51 RU/ml). eGFR and ACR were the two variables most
responsible for attenuation of the effect estimate. Similar
results were observed when FGF23 was examined on a continuous scale. In the fully adjusted model that adjusted for
kidney function at baseline, the association between higher

FGF23 and incident sepsis was no longer signiﬁcant (HR,
1.01; 95% CI, 0.85 to 1.21).
In a sensitivity analysis limiting sepsis events to those
with a SOFA score of two or more (Supplemental Table 1),
the results were similar: there was a signiﬁcant association
of higher FGF23 with greater risk of sepsis in multivariable
models adjusted for sociodemographic and clinical factors,
but this association was attenuated and no longer signiﬁcant
after adjusting for measures of kidney function at baseline.
Stratified Analyses
We performed several analyses stratiﬁed by age, sex, race,
and CKD (Table 3). There were no signiﬁcant differences in
the association of FGF23 with incident sepsis in analyses
stratiﬁed by any of these variables, with the P value for
interaction .0.10 for all analyses.

Discussion
In this study of community-dwelling adults, there was no
statistically signiﬁcant association of higher FGF23 concentrations with greater risk of sepsis in multivariable-adjusted
analyses that accounted for kidney function. Further, we did
not ﬁnd that the association of FGF23 with sepsis differed by
age, sex, race, or CKD status.
Several lines of evidence support the notion that FGF23
affects innate immunity. Because FGF23 inhibits the production of CYP27B1—the enzyme that catalyzes the conversion
of 25(OH)D to 1,25(OH)2D—elevated FGF23 concentration
can reduce 1,25(OH)2D-dependent synthesis of cathelicidin,
an important antimicrobial peptide that acts against several
bacteria, viruses, and fungi; can disrupt bioﬁlm; promotes
phagocytosis; and induces chemotaxis of other immune cells
to sites of infection (7,17–19). In addition, elevated FGF23
concentrations have been shown to limit leukocyte recruitment, neutrophil chemotaxis, and impair host defense in
animal models of CKD (20,21). Consistent with these data,
prior studies have shown that higher FGF23 concentrations
were associated with higher risk of hospitalization for infection in individuals with ESKD and in community-dwelling
adults. In contrast, we found no statistically signiﬁcant association of FGF23 with risk of sepsis in REGARDS participants.
The reasons for these discrepancies are unclear. One
possible explanation is that we investigated incident sepsis,
whereas prior epidemiologic studies examined hospitalizations for infection. Because the former includes the most

Women
N
Events
Model 1a
Model 2b
Model 3c
Men
N
Events
Model 1a
Model 2b
Model 3c
Black
N
Events
Model 1a
Model 2b
Model 3c
White
N
Events
Model 1a
Model 2b
Model 3c
Age ‡69
N
Events
Model 1a
Model 2b
Model 3c
Age <69
N
Events
Model 1a
Model 2b
Model 3c
CKDd
N
Events
Model 1a
Model 2b
Model 3c
No CKD
N
Events
Model 1a
Model 2b
Model 3c

Quartile 1 (,53 RU/ml)

Quartile 2 (53–70 RU/ml)

Quartile 3 (70.1–101 RU/ml)

Quartile 4 (.101 RU/ml)

Per Doubling of FGF23

82
36
Reference
Reference
Reference

122
49
1.08 (0.61 to 1.91)
0.99 (0.52 to 1.92)
0.98 (0.48 to 1.98)

125
85
1.74 (1.01 to 2.99)
1.17 (0.60 to 2.25)
1.08 (0.51 to 2.30)

169
170
2.32 (1.38 to 3.91)
1.36 (0.74 to 2.51)
0.97 (0.46 to 2.02)

498
340
1.35 (1.18 to 1.56)
1.17 (0.97 to 1.39)
1.02 (0.81 to 1.29)

151
71
Reference
Reference
Reference

133
69
1.04 (0.65 to 1.67)
0.98 (0.58 to 1.64)
0.73 (0.42 to 1.28)

118
96
1.42 (0.91 to 2.22)
1.39 (0.84 to 2.29)
0.94 (0.54 to 1.65)

91
127
2.72 (1.66 to 4.46)
2.49 (1.41 to 4.39)
1.19 (0.61 to 2.32)

493
363
1.51 (1.22 to 1.87)
1.45 (1.14 to 1.83)
0.96 (0.70 to 1.30)

134
41
Reference
Reference
Reference

120
42
1.38 (0.79 to 2.44)
1.26 (0.68 to 2.34)
1.04 (0.54 to 1.98)

128
53
1.35 (0.79 to 2.29)
1.14 (0.62 to 2.08)
0.76 (0.37 to 1.58)

115
93
3.65 (2.12 to 6.29)
2.99 (1.59 to 5.65)
1.99 (0.98 to 4.02)

497
229
1.39 (1.19 to 1.63)
1.20 (0.99 to 1.46)
1.32 (1.03 to 1.70)

99
66
Reference
Reference
Reference

135
76
0.94 (0.59 to 1.49)
0.88 (0.53 to 1.46)
0.74 (0.43 to 1.28)

115
128
1.63 (1.03 to 2.56)
1.41 (0.85 to 2.35)
1.17 (0.67 to 2.03)

145
204
1.98 (1.27 to 3.09)
1.43 (0.85 to 2.39)
0.79 (0.44 to 1.45)

494
474
1.36 (1.14 to 1.61)
1.33 (1.12 to 1.56)
0.95 (0.76 to 1.19)

79
38
Reference
Reference
Reference

105
59
1.22 (0.69 to 2.17)
0.94 (0.54 to 1.64)
0.85 (0.47 to 1.55)

119
97
1.83 (1.06 to 3.16)
1.43 (0.86 to 2.37)
1.04 (0.57 to 1.89)

155
150
2.43 (1.39 to 4.21)
1.76 (1.02 to 3.02)
1.02 (0.52 to 1.99)

458
344
1.51 (1.22 to 1.87)
1.13 (0.95 to 1.35)
0.92 (0.72 to 1.17)

154
69
Reference
Reference
Reference

150
59
1.08 (0.68 to 1.72)
0.98 (0.53 to 1.81)
0.67 (0.34 to 1.32)

124
84
1.55 (0.98 to 2.44)
1.41 (0.77 to 2.59)
0.88 (0.45 to 1.72)

105
147
2.81 (1.78 to 4.43)
1.71 (0.93 to 3.14)
0.84 (0.41 to 1.70)

533
359
1.31 (1.14 to 1.51)
1.39 (1.13 to 1.73)
1.20 (0.93 to 1.55)

22
25
Reference
Reference
Reference

40
28
0.90 (0.37 to 2.21)
0.75 (0.28 to 2.03)
0.80 (0.28 to 2.31)

56
64
1.19 (0.53 to 2.69)
1.04 (0.41 to 2.64)
0.77 (0.27 to 2.20)

101
140
1.61 (0.78 to 3.34)
1.37 (0.57 to 3.26)
0.83 (0.28 to 2.45)

219
257
1.19 (0.97 to 1.46)
1.19 (0.93 to 1.51)
0.96 (0.69 to 1.33)

198
78
Reference
Reference
Reference

207
85
1.13 (0.75 to 1.73)
1.01 (0.64 to 1.59)
0.85 (0.54 to 1.36)

171
105
1.58 (1.04 to 2.39)
1.36 (0.88 to 2.12)
1.07 (0.66 to 1.73)

149
140
2.09 (1.34 to 3.27)
1.57 (0.97 to 2.52)
1.04 (0.62 to 1.76)

725
408
1.38 (1.14 to 1.67)
1.16 (0.94 to 1.43)
1.01 (0.82 to 1.26)

P Value for
Interaction
0.93

0.38

0.44

0.84

a
Model 1 is adjusted for age (except for age-stratiﬁed models), sex (except for sex-stratiﬁed models), race (except for race-stratiﬁed models), region of recruitment, annual family income, and
educational attainment.
b
Model 2 is adjusted for variables in model 2 plus current smoking, body mass index, diabetes status, physical activity, and chronic pulmonary disease status.
c
Model 3 is adjusted for variables in model 3 and eGFR, log-transformed urine albumin-creatinine ratio, and log-transformed high-sensitivity C-reactive protein.
d
CKD deﬁned as an eGFR ,60 ml/min per 1.73 m2 or an albumin-creatinine ratio $30 mg/g at the baseline visit.
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Table 3. Hazard ratios (95% CIs) of incident sepsis as a function of baseline fibroblast growth factor 23 concentrations stratified by sex, race, age, and presence or absence of CKD

KIDNEY360 1: 950–956, September, 2020

severe clinical presentations leading to organ dysfunction,
whereas the latter includes a variety of presentations with
lower acuity, it may be that FGF23 is an independent marker of
infection risk in general but not those infections that lead
to sepsis. In addition, sepsis events were adjudicated using
detailed hospital record review in REGARDS, whereas hospitalization due to infection was identiﬁed using International
Classiﬁcation of Diseases, Ninth Revision (ICD-9) coding from
discharge summaries in other studies (10,11).
It is notable that eGFR and ACR were the primary variables that attenuated the association of FGF23 with sepsis
risk in multivariable models. Low eGFR and high ACR are
among the strongest risk factors for elevated FGF23 and
have been linked to higher risk of sepsis. These results
suggest the link between higher FGF23 and infection in this
and prior studies is, at least in part, driven by kidney
disease, and underscores the importance of adjusting for
measures of kidney function when assessing the association
of FGF23 with infectious outcomes.
Our study had several limitations. Because of the nature of
the analysis, the results are observational. Next, serum FGF23
concentrations were measured at a single time point, which
may have led to exposure misclassiﬁcation for some study
participants because FGF23 concentrations may have changed
between the time they were measured and the occurrence of the
sepsis event. In addition, the method used to capture sepsis,
through a sequential process of screening records by ICD codes
and then relying on physician documentation of suspected
infections, is not perfectly sensitive. Next, we measured total
(C-terminal) FGF23 in this study. Associations of free or intact
FGF23 may differ from associations of total FGF23 with sepsis.
These limitations notwithstanding, our study had many
strengths. First, to our knowledge, this is the ﬁrst study to
evaluate the association of FGF23 concentrations with incidence of sepsis in community-dwelling adults. Second, given
that this study measured FGF23 at the relatively healthy
baseline of participants in a population-based cohort, the study
minimizes potential indication bias and reverse causality that
can be introduced in measuring FGF23 during acute illness
(22). Third, the study minimizes misclassiﬁcation of the outcome by adjudicating sepsis events through independent chart
review of clinical data rather than relying solely on ICD codes.
Fourth, the large amount of data collected by the REGARDS
baseline study visit allows ample adjustment for multiple,
relevant cofounders in the analysis.
In conclusion, higher FGF23 concentrations were not independently associated with higher risk of sepsis in communitydwelling adults after accounting for kidney function. These
results suggest that FGF23 does not play a major role in the
development of sepsis and, as such, is not likely an important
target for reducing risk of sepsis in the community.
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