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Higher plasma transforming growth factor
(TGF)-β is associated with kidney disease in
older community dwelling adults
Tapan Mehta1, Petra Buzkova2, Jorge R. Kizer3, Luc Djousse4, Michel Chonchol1, Kenneth J. Mukamal5,
Michael Shlipak6, Joachim H. Ix7 and Diana Jalal1,8*

Abstract

Background: TGF-β is induced in the vasculature with aging suggesting that high plasma TGF-β levels may be a
risk factor for chronic kidney disease (CKD) in older adults.

Methods: We conducted a cross-sectional analysis of the association between plasma TGF-β levels and CKD including
data for 1722 older adults who had participated in the 1996/97 visit of the Cardiovascular Health Study (CHS). Prevalent
CKD was defined as eGFR < 60 mL/min/1.73 m2 or urinary albumin/creatinine ratio (ACR) ≥30 mg/g. We also evaluated
whether baseline TGF-β levels predicted change in eGFR, cardiovascular (CV) events, or mortality in longitudinal
analysis.

Results: Plasma TGF-β levels were significantly and independently associated with lower eGFR in cross-sectional
analysis. Doubling of TGF-β was significantly associated with lower eGFR (β estimate after adjusting for CV risk
factors = −1.18, 95% CI −2.03, −0.32). We observed no association with albuminuria. There was no association between
baseline TGF-β and change in eGFR, but each doubling of TGF-β at baseline was associated with increased risk of a
composite outcome of CV events and mortality, adjusted HR 1.10 (95% C.I. 1.02– 1.20, p = 0.006).

Conclusion: In this large cohort of community-dwelling older individuals, high plasma TGF-β levels are modestly, but
independently associated with lower eGFR but not with albuminuria in cross-sectional analysis. In addition, TGF-β levels
are associated with increased risk of CV events and mortality. Further research is needed to determine the direction of
association between plasma TGF-β and the risk of CKD and CKD-associated morbidities in older adults.

Keywords: CKD, TGF-β, GFR, Older adults

Background
In the United States, chronic kidney disease (CKD)
prevalence is estimated to afflict approximately 11.5% of
the adult population [1]. The pathophysiology of CKD
differs depending on the primary cause of kidney injury.
However, kidney disease progression, independent of the
type of primary insult, occurs via a final common path-
way of glomerulosclerosis and tubulointerstitial fibrosis
[2]. The kidney responds to injury by releasing pro-
inflammatory cytokines and growth factors such as

transforming growth factor (TGF)-β. Sustained overex-
pression of TGF-β from continuous injury induces extra-
cellular matrix accumulation in the diseased kidney [3]
and ultimately leads to glomerular and tubulointerstitial
fibrosis [4–6]. The role of TGF-β in kidney disease pro-
gression is further affirmed by data that administration
of anti-TGF-β antibody attenuates fibrosis in different
animal models of kidney injury indicating an important
role of TGF-β in the fibrotic process [7–9]. Furthermore,
several clinical studies have shown increased TGF-β
expression in the kidneys of patients with glomerular
disease including diabetic nephropathy [10, 11] and
other inflammatory glomerulonephritides [12, 13].
Despite the established role of TGF-β in kidney disease

progression in animal models, it remains unclear
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whether systemic TGF-β levels indicate kidney disease in
humans. Some studies that have measured plasma levels
of TGF-β in persons with diabetic kidney disease [14, 15]
suggest that increased TGF-β levels predict progressive
kidney disease in this patient population. In contrast to
these findings, an analysis in the Chronic Renal Insuffi-
ciency Cohort study evaluated TGF-β levels in 3791
participants, almost half of whom had DM, and found no
cross-sectional association between TGF-β levels and
measures of CKD [16]. Thus, whether or not TGF-β levels
are a risk factor for CKD in general remains uncertain.
CKD is more prevalent in the older population [1, 17],

mainly owing to reduced eGFR rather than albuminuria
[18]. Aging itself appears to associate with a higher
prevalence of fibrotic kidneys [19]. The high prevalence
of CKD in older adults is attributable not only to the
presence of traditional risk factors such as diabetes and
hypertension but may also be the result of age-related
functional changes that occur in the kidney [20]. Import-
antly, epidemiological studies have identified arterial
stiffness (which increases with age) as a predominant
risk factor for progressive GFR decline in older people
[21, 22]. We have previously shown TGF-β levels inde-
pendently predict peripheral vascular disease in aged
community-dwelling adults [23]. These findings are con-
sistent with data that TGF-β is induced in the arterial
wall with aging [24], such that apart from TGF-β
production and its effects at the level of the nephron,
upstream vascular generation could contribute to circu-
lating TGF-β levels in older individuals. To our know-
ledge, no study has examined the potential association
between plasma TGF-β levels and CKD in an older,
community-living population. The Cardiovascular
Health study (CHS) is a large observational cohort of
community-dwelling adults aged ≥65 years that was
designed to study traditional and novel risk factors for
cardiovascular disease in older adults. Circulating TGF-β
levels were measured on platelet-free plasma in a subset
of CHS participants at the 1996/97 study visit in
addition to estimated glomerular filtration rate (eGFR)
and urinary albumin/creatinine ratio (ACR). Thus, we
utilized cross-sectional data from CHS to test our hy-
pothesis that higher plasma TGF-β levels associate with
prevalent kidney disease in community-living older per-
sons. We also evaluated whether TGF-β levels associated
with longitudinal outcomes including change in eGFR,
cardiovascular events, and mortality.

Methods
Study participants
The details of the study design, rationale, and study popu-
lation of CHS have been described previously [25, 26].
Briefly, CHS is a community-based prospective cohort
study designed to explore cardiovascular disease risk

factors and stroke in individuals 65 years or older. The
original cohort of the CHS consisted of 5201 participants
who were randomly enrolled from the Medicare-eligibility
lists in 4 US communities (Forsyth County, NC;
Sacramento County, CA; Washington County, MD; and
Allegheny County, PA) in 1989 to 1990. A supplemental
cohort of 687 mostly African-American participants was
recruited in 1992–1993.
The eligible individuals were aged ≥65 years, not institu-

tionalized, expected to remain in the current community
for ≥3 years, not under active cancer treatment, and able
to give written informed consent. Follow-up examinations
were done at annual visits through 1998/99 and again in
2006/07. Interviews were also conducted through bian-
nual telephone calls. The study was approved by the
institutional review boards of the 4 clinical sites including:
University of California, Davis (Sacramento County,
Sacramento, CA), Johns Hopkins University (Washington
County, Hagerstown, MD), Wake Forest University
School of Medicine (Forsyth County, Winston-Salem,
NC), University of Pittsburgh (Pittsburgh, PA) [27]. All
participants gave written informed consent including the
use of de-identified samples and data for future analyses.

Measurement of TGF-β
TGF-β1 was measured in 2011–2012 on EDTA-stored
plasma samples from the 1996/97 visit by ELISA (Quan-
tikine Human TGF-β1 Immunoassay; R&D Systems,
Minneapolis, MN). Inter- and intra-assay coefficients of
variation were between 1.9 and 2.9% and 6.4% to 9.3%,
respectively. Platelets are a major source of TGF-β as a
result of platelet degranulation, such that if the plasma is
not platelet poor, platelet contamination in plasma sam-
ples can artificially increase levels of TGF-β [28]. Pre-
sumed platelet contamination of the plasma resulting in
elevated levels of TGF-β was found in pilot studies at
two of the study sites. Therefore, TGF-β was only mea-
sured a priori in 1722 participants at the two remaining
sites and our final analysis included these individuals. Of
the two sites at which TGF-β was not measured, one site
(Washington County, Maryland) did not enroll an
African American cohort in 1992–1993, leading to mod-
est differences in other participant characteristics across
clinic sites.

Kidney function measurements
Blood samples were collected after an overnight fast and
stored at −70 °C using standardized protocols at the
1996/97 visit for the baseline measurements and the
2006/07 for the longitudinal analysis of kidney disease
progression. The primary outcome of interest was
kidney function estimated by serum cystatin C and albu-
minuria. Cystatin C was measured using a particle-
enhanced immunonephelometric assay with a BN II
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nephelometer on plasma specimens (N Latex Cystatin C;
Dade Behring (now Siemens Health-care Diagnostics
Inc.), Deerfield, IL, USA) [29]. The assay range was
0.195–7.330 mg/L, with the reference range for young,
healthy individuals reported as 0.53–0.95 mg/L. For
cystatin C, intra-assay coefficients of variation (CVs)
range from 2.0 to 2.8% and inter-assay CVs range from
2.3 to 3.1%. Glomerular filtration rate (GFR) was calcu-
lated using the CKD-EPI cystatin C equation [30]. GFR
expressed as mL/min per 1.73 m2 of body surface area,
and serum cystatin C expressed in mg/L. In categorical
analyses, CKD was defined as eGFR <60 mL/min/
1.73 m2. In addition, in the longitudinal analysis we eval-
uated change in eGFR from the 1996/97 visit to the
2006/07 visit as an outcome since the measurements of
kidney function were repeated in a subset of survivors at
this time. Albuminuria was assessed using urinary ACR
calculated from spot urinary albumin and creatinine
levels. Albuminuria was defined as ACR ≥30 mg/g in
categorical analyses.

Cardiovascular disease and mortality
CHS has previously reported on the association between
plasma TGF-β levels and cardiovascular disease, includ-
ing heart failure, myocardial infarction, and stroke
through 2010 [31]. It had similarly reported on the asso-
ciation between TGF-β and mortality in another manu-
script [32]. Here, we report on the association between
plasma TGF-β levels and cardiovascular events and mor-
tality in longitudinal analysis considering the longer
duration of follow-up available since our previous publi-
cations (2014) [31, 32]. Participants were followed from
the baseline visit (1996/97 for this analysis) until death,
loss to follow-up, and the end of follow up on December
31st, 2014. Cardiovascular events (including heart failure,
myocardial infarction, and stroke) and death were adju-
dicated by the CHS outcome-assessment committee on
the basis of patient reports, physician diagnoses, medical
records, and medication use [33, 34].

Covariate assessment
We used covariate measurement from the 1996/97 visit.
Age, sex, race, and smoking history variables were col-
lected by self-report. Smoking history was determined
by questionnaire and categorized as current, former, or
never. Blood pressure (BP) was measured twice in seated
position after 5 min rest using standard mercury sphyg-
momanometer. Hypertension was defined by average
seated systolic blood pressure ≥140 mmHg, diastolic
blood pressure ≥90 mmHg, or by the current use of an-
tihypertensive medications. We defined diabetes mellitus
by use of oral hypoglycemic agents or insulin, or as a
fasting glucose level ≥126 mg/dL. Height (m) and
weight (kg) were measured to calculate body mass

index (BMI: kg/m2). Low density lipoprotein (LDL)-
cholesterol and triglycerides were measured during
CHS year 5 (1992–1993) visit. Serum triglyceride levels
were measured with the Olympus Demand System (Olym-
pus, Lake Success, NY, USA); LDL-cholesterol concentra-
tions were calculated by the Friedewald equation [35]. C-
reactive protein (CRP) was measured by an enzyme linked
immunosorbent (ELISA) assay. Prevalent cardiovascular
disease (CVD) was defined by history of myocardial in-
farction, angina, or stroke.

Statistical analysis
Clinical characteristics are presented overall and by quar-
tiles of plasma TGF-β. Continuous data are presented as
mean ± standard deviation (SD), and categorical variables
as counts (%). Variables with skewed distribution are
shown as median (inter quartile range, IQR). Covariates
were compared across plasma TGF-β quartiles using a lin-
ear trend test, and chi-square test for categorical variables.
TGF-β was skewed, so in continuous variable analyses it
was log base 2-transformed so that the β estimates can be
interpreted as per doubling of TGF-β. Correlations were
assessed with Pearson correlation coefficient. To evaluate
whether plasma levels of TGF-β are associated with kid-
ney function we first conducted cross-sectional linear re-
gression analysis with plasma TGF-β as the predictor
variable and kidney function measures (eGFR and log2
ACR) as the outcome variables. To examine whether
TGF-β levels correlated with clinically significant CKD,
we conducted logistic regression analysis for TGF-β and
estimated GFR <60 mL/min/1.73 m2, and subsequently
for TGF-β and ACR ≥30 mg/g. Considering the potential
bias of eGFR equations in the diagnosis of CKD between
eGFR 45–59 mL/min/1.73 m2, we also evaluated the asso-
ciation between TGF-β levels and CKD defined as eGFR
<45 mL/min/1.73 m2 [36]. Several models were applied
for multivariate adjustment. M1 adjusted for age, gender,
and black race. M2 adjusted for the covariates in M1 as
well as BMI, hypertension, DM, smoking status, LDL-
cholesterol, triglycerides, previous history of CVD, and
log2 CRP. Additionally, we adjusted for estimated GFR to-
gether with the covariates included in M2 (when evaluat-
ing the association with ACR) or ACR (when evaluating
the association with eGFR). To evaluate whether baseline
TGF-β predicted kidney disease progression, we con-
ducted a similar analysis longitudinally. Only a subset of
survivors (n = 478) had cystatin C measurements at the
2006/07 visit. Considering this small number, we were un-
able to evaluate whether TGF-β associated with incident
CKD and the designated outcome included change in
CKD-EPI eGFR (from the 1996/97 visit to the 2006/07
visit). Cox proportional hazard models were utilized to
evaluate whether baseline TGF-β levels predicted cardio-
vascular (CV) events, death, or a composite outcome of
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CV events and death. The same covariates included in the
linear regression models were included in the cox propor-
tional hazard models. For all statistical tests, a two-tailed
P-value < 0.05 was considered statistically significant. We
did not adjust for multiple testing. Analyses were con-
ducted using R (R Development Core Team (2015)) [37].

Results
Clinical characteristics of the participants
TGF-β levels were available for 1722 (39%) individuals
out of a total cohort of 4413 at CHS year 9 (1996/97)
visit. ACR values were available for 1541 (89.5%) of par-
ticipants with TGF-β levels. Participants with TGF-β
measurements differed from those without available
measures in several ways. They were younger, more fre-
quently male and black, and had lower blood pressure.
In addition, as shown in Additional file 1: Table S1, they
less often had prevalent CVD. Among those with avail-
able TGF-β levels, the median (IQR) of TGF-β levels
was 3482 (2042–6153) ng/L.
The participant characteristics by TGF-β quartiles at

baseline are shown in Table 1. Compared to participants in
the lower TGF-β quartiles, those with TGF-β levels in the
highest quartile were more frequently black, were more
likely to have DM, to have higher CRP, and to be current
smokers. Age and previous history of CVD were not signifi-
cantly different according to TGF-β quartiles. eGFR was
significantly lower in quartiles 2, 3, and 4 compared to

quartile 1. Albuminuria did not differ significantly among
the groups. Of note, median TGF-β was 3482 (IQR 2042–
6153) for all the participants. Median TGF-β was higher for
those with eGFR <60 ml/min/1.73 m2 compared to those
with eGFR >60 ml/min/1.73 m2 (3747 [IQR 2278–6431] vs.
3377 [IQR 1962–6075] ng/L), with p value = 0.05 (based on
Mood’s test of medians).

The cross-sectional association between TGF-β levels and
eGFR or ACR as continuous variables
Linear regression analysis revealed that each doubling of
TGF-β was significantly associated with lower eGFR (β
estimate = −1.54; 95% C.I. -2.44, −0.63; p < 0.001), al-
though this was marginally non-significant with respect
to log2 ACR (β estimate = 0.09; 95% C.I. 0, 0.18; p =
0.055) in unadjusted analysis. As shown in Table 2, the
association TGF-β and eGFR was slightly attenuated but
remained statistically significant after adjusting for
demographics in model 1 (β estimate = −1.41, 95% CI
−2.27, −0.55) and including cardiovascular risk factors in
model 2 (β = −1.18, 95% CI −2.03, −0.32). Additional ad-
justment for ACR yielded a β estimate of −1.07 (95% CI
−1.95, −0.19). Further inclusion of congestive heart fail-
ure and claudication in the model had no influence on
the association between TGF-β and eGFR. In contrast,
the association between TGF-β and ACR was not signifi-
cant after adjustment of demographics or in any of the
other multivariable models. Since the generalized

Table 1 Baseline characteristics of individuals according to plasma TGF-β quartiles

Variables Total
n = 1722

Quartile 1
n = 431

Quartile 2
n = 430

Quartile 3
n = 430

Quartile 4
n = 431

P-value

Age (years) 78 ± 5 78 ± 4 78 ± 5 78 ± 5 78 ± 5 0.22

Gender (male %) 40 38 41 43 38 0.27

Black race (%) 22 20 18 20 31 <0.01

Current smoker 9 11 6.0 9 11 0.01

Diabetes mellitus (%) 16 13 13 17 20 <0.01

Hypertension (%) 59 62 57 56 63 0.14

Prevalent CVD (%) 24 23 24 25 23 0.89

BMI (kg/m2) 27 ± 5 27 ± 5 27 ± 5 27 ± 5 27 ± 4 0.05

CRP (mg/L)b 2.43
(1.12–5.41)

2.18
(1.07–4.84)

2.47
(1.13–4.97)

2.38
(1.09–5.06)

2.78
(1.28–7.43)

0.14

LDL-cholesterol (mg/dL) 83 ± 87 81 ± 86 83 ± 87 87 ± 90 83 ± 88 0.68

Triglycerides (mg/dL) 138 ± 78 136 ± 73 139 ± 76 134 ± 78 143 ± 84 0.43

eGFR (ml/min/1.73 m2) 71 ± 20 75 ± 19 70 ± 20 70 ± 19 70 ± 20 <0.01

ACR (mg/g)a 9.3
(5–20.2)

8.6
(4.9–16)

9.3
(5.4–20.5)

9.65
(4.9–20.55)

9.5
(4.8–22.35)

0.46

% with eGFR <60 ml/min/1.73 m2 25 20 27 28 27 0.01

% with ACR ≥30 mg/g 18 15 19 18 21 0.23

Values are expressed as means ± standard deviation or (%) = percent; BMI body Mass Index, GFR glomerular filtration rate, ACR albumin/creatinine ratio,
CRP C-reactive protein, CVD cardiovascular disease. Prevalent CVD was defined by history of myocardial infarction, angina, or stroke
a, bvalues expressed as median (Interquartile range). P-values are from a linear trend test across quartiles for continuous variables and from chi2 test for binary and
categorical variables

Mehta et al. BMC Nephrology  (2017) 18:98 Page 4 of 9



additive model in relation to eGFR showed that the
association tended to plateau above the median value of
TGF-β (Fig. 1 log2 TGF-β corresponds to approximately
4096 ng/L) we also evaluated the association for
quartiles of the biomarker.
When TGF-β levels were modeled as quartiles, we

found that TGF-β levels in quartiles 2, 3, and 4 were sig-
nificantly associated with lower eGFR relative to the first
quartile. In the unadjusted analysis eGFR was lower by
4.55 (95% C.I. -7.14, −1.95), 4.92 (95% C.I. -7.52, −2.32),
and 4.47 (95% C.I. -7.07, −1.88) ml/min/1.73 m2 for quar-
tiles 2, 3, and 4 respectively. These statistically significant
associations were slightly attenuated but remained signifi-
cant after full adjustment (Table 3). We did not find a

significant association between higher TGF-β levels and
urine ACR in any unadjusted or adjusted analyses.

The cross-sectional association between TGF-β levels and
clinically-significant CKD
To determine whether TGF-β levels associated with clin-
ically significant CKD, we evaluated the binary end point
of either eGFR <60 ml/min/1.73 m2 or with ACR
≥30 mg/g in logistic regression analysis. As depicted in
Fig. 2, TGF-β levels in quartiles 2, 3, and 4 were signifi-
cantly associated with CKD defined as eGFR <60 ml/
min/1.73 m2. In unadjusted analysis, compared to the
participants in quartile 1 of TGF-β levels, participants in
quartile 2 had 53% higher odds of eGFR <60 ml/min/
1.73 m2 (95% C.I. 1.11, 2.1), participants in quartile 3
had 60% higher odds of eGFR <60 ml/min/1.73 m2 (95%
C.I. 1.16, 2.2), and participants in quartile 4 had 52%
higher odds of eGFR <60 ml/min/1.73 m2 (95% C.I. 1.11,
2.10). This remained significant for quartiles 2, 3, and 4
after adjusting for demographics and cardiovascular risk
factors with OR of 1.59 (95% C.I. 1.11, 2.28), 1.72 (95%
C.I. 1.20, 2.45), and 1.50 (95% C.I. 1.04, 2.15), respect-
ively. Of note, when CKD was defined as eGFR < 45 ml/
min/1.73 m2 [36], the fully-adjusted ORs for CKD were
3.59 (95% C.I. 1.66, 7.77; p < 0.001), 4.58 (95% C.I. 2.16,
9.68; p < 0.001), and 4.24 (95% C.I. 2.0, 9.02; p < 0.001)
for quartiles 2, 3, and 4 compared to quartile 1. There
was no consistent evidence of an association between
TGF-β quartiles and ACR ≥30 mg/g. Quartile 4 of TGF-
β levels was associated with 34% higher odds of having
ACR ≥30 mg/g compared to quartile 1 in unadjusted
analysis but this was no longer statistically significant
after adjusting for demographic and cardiovascular risk
factors (OR = 1.34, 95% C.I. 0.89, 2.04, p = 0.17).

The association between baseline TGF-β levels and
longitudinal outcomes
To evaluate whether TGF-β levels predicted kidney dis-
ease progression, we evaluated whether doubling of
TGF-β associated with change in eGFR. We found no
association between TGF-β levels at baseline and change
in CKD-EPI eGFR between the years 1996/97 and 2006/
07 in unadjusted or adjusted models. Only 478 individ-
uals had cystatin C measurements at the 2006/07 visit.
Between the 1996/97 visit and the end of follow-up in

2014, 409 out of the studied 1722 participants died with
a median follow up of 10.3 years (IQR 5.7–15.8). Of the
surviving 1312 participants, 411 were reported to have a
CV event and the median follow up was 9.5 years (IQR
5.1-14.5 years). Similar to the previous report [32], doub-
ling of baseline TGF-β was associated with an increased
risk of death. In adjusted analysis, the hazard ratio (HR)
for death was 1.10 (95% C.I. 1.02, 1.13, p = 0.008). This
was somewhat attenuated to a HR of 1.10 (95% C.I. 1.01,

Table 2 Linear regression analysis of the association between
plasma TGF-β (per doubling) and eGFR and ACR

Model eGFR Urinary ACR

β (95% C.I.) p-value β (95% C.I.) p-value

M0 –1.54
(–2.44,–0.63)

<0.001 0.09
(0,0.18)

0.055

M1 –1.41
(–2.27,–0.55)

<0.001 0.06
(–0.03,0.15)

0.19

M2 –1.18
(–2.03,–0.32)

0.007 0.04
(–0.05,013)

0.35

M0: unadjusted analysis
M1: M0 + age, male gender, and black race
M2: M1 + current smoking status, hypertension, diabetes mellitus, body mass
index, LDL-cholesterol, triglycerides, history of cardiovascular disease, and
C-reactive protein

Fig. 1 This illustrates the partially-fitted estimated GFR (eGFR) when
using splines for TGF-β levels in Generalized Additive Models (GAM)
adjusting for age, sex, black race, smoking, hypertension, diabetes
mellitus, body mass index, LDL-cholesterol, triglycerides, history of
cardiovascular disease, and C-reactive protein. The dotted lines are
the 95% confidence bands. The x axis is on log2 scale and the three
vertical lines show Q1, median, and Q3 of TGF-β

Mehta et al. BMC Nephrology  (2017) 18:98 Page 5 of 9



1.10, p = 0.019) and 1.10 (95% C.I. 1.0, 1.12, p = 0.05) for
model 1 and model 2, respectively. Also similar to the pre-
vious report [31], we found no association between base-
line TGF-β levels and CV events in unadjusted analysis
(HR was 1.10, 95% C.I. 0.99, 1.20, p = 0.074). After adjust-
ing for the covariates included in model 2, doubling of
TGF-β carried a HR of 1.10 for CV events (95% C.I. 1.0–

1.22, p = 0.05). Doubling of baseline TGF-β was associated
with higher risk of the composite outcome of CV events
or death. The unadjusted HR for the composite outcome
1.10 (95% C.I. 1.02, 1.20, p = 0.005). This association
remained significant with HR of 1.10 (95% C.I. 1.03, 1.20,
p = 0.004) and 1.10 (95% C.I. 1.02, 1.20, p = 0.006) for
model 1 and model 2, respectively.

Discussion
In this cross-sectional analysis of community-living older
adults, higher levels of circulating TGF-β were associ-
ated with both lower eGFR as a continuous variable, and
with CKD defined as eGFR <60 mL/min/1.73 m2. We
found no association between TGF-β levels and albu-
minuria. The associations between TGF-β and eGFR
were independent of demographic and cardiovascular
risk factors, C-reactive protein, and albuminuria. In
addition, the association between TGF-β levels and
eGFR was similar in quartiles 2, 3, and 4 when compared
to quartile 1, suggesting that plasma TGF-β above a
threshold may be a risk factor for CKD in older adults.
The association between TGF-β levels and clinically-
significant CKD persisted even when CKD was defined
as <45 mL/min/1.73 m2 suggesting that higher TGF-β
levels are indicative of CKD, not merely an aging kidney
[36]. Thus, we provide new insights to biology associated
with CKD in older community dwelling adults, and find
that measurement of circulating TGF-β may give in-
sights to kidney disease in this setting. We were not able
to find an association between baseline TGF-β levels and
change in eGFR between the 1996/97 and the 2006/07
visits. This is likely due to small number of individuals
with available kidney function measurement as well as
the competing outcomes of CV events and mortality as
TGF-β levels were associated with the composite out-
come of CV events and mortality over an extended
period of follow up.

Table 3 Linear regression analysis of the association between TGF-β quartiles and eGFR and urinary ACR

Quartile 1
β estimate (95% CI)

Quartile 2
β estimate (95% CI)

Quartile 3
β estimate (95% CI)

Quartile 4
β estimate (95% CI)

eGFR

M0 REF –4.55 (–7.14,–1.95) –4.92 (–7.52,–2.32) –4.47 (–7.07,–1.88)

M1 REF –3.8 (–6.26,–1.34) –4.02 (–6.48,–1.56) –4.36 (–6.83,–1.89)

M2 REF –4.57 (–7,–2.14) –4.68 (–7.09,–2.27) –3.86 (–6.28,–1.44)

Urinary ACR

M0 REF 0.24 (–0.02,0.5) 0.21 (–0.06,0.47) 0.25 (–0.01,0.51)

M1 REF 0.21 (–0.05,0.47) 0.16 (–0.1,0.42) 0.18 (–0.08,0.44)

M2 REF 0.25 (0,0.5) 0.20 (–0.05,0.45) 0.15 (–0.1,0.4)

M0: unadjusted analysis
M1: M0 + age, male gender, and black race
M2: M1 + current smoking status, hypertension, diabetes mellitus, body mass index, LDL-cholesterol, triglycerides, history of cardiovascular disease, and
C-reactive protein

Fig. 2 Cross-sectional association between TGF-β quartiles and CKD
defined as eGFR <60 mL/min/1.73 m2. Quartiles 2, 3, and 4 were
compared to quartile 1. The shown adjusted odds ratio are adjusted
for age, sex, black race, smoking, hypertension, diabetes mellitus,
body mass index, LDL-cholesterol, triglycerides, history of cardiovascular
disease, and C-reactive protein: Quartile 2: OR for CKD was 1.59 (95%
C.I. 1.11, 2.28; p value = 0.01) Quartile 3: OR for CKD was 1.72 (95% C.I.
1.20, 2.45; p value = 0.003). Quartile 4: OR for CKD was 1.50 (95% C.I.
1.04, 2.15; p value = 0.03)
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TGF-β is pleiotropic cytokine involved in kidney dis-
ease progression as in vivo experimental studies have
shown renal TGF-β overproduction by mesangial cells
[38], tubular epithelial cells [39], interstitial fibroblasts,
and macrophages [40, 41]. Induction of TGF-β has been
shown to cause extracellular matrix accumulation in the
glomeruli and interstitium [3] leading to progressive kid-
ney disease [4–6]. Consistently, inhibition of TGF-β via
anti-TGF-β antibody has been shown to attenuate fibro-
sis in animal models of kidney disease [7–9]. TGF-β
expression has been demonstrated in the kidneys of indi-
viduals with glomerular disease such as diabetic ne-
phropathy [10, 11], focal segmental glomerulosclerosis
secondary to human immunodeficiency virus (HIV)
infection [12], and other glomerulonephritides such as
IgA nephropathy, and lupus [13]. However, no study to
date has examined whether TGF-β levels are elevated in
older adults, a population at high risk for CKD.
Plasma levels of TGF-β have been measured in 2 stud-

ies in subjects with diabetic kidney disease. Wong et el.
measured plasma TGF-β levels in participants of the
Action in Diabetes and Vascular Disease: Preterax and
Diamicron MR Controlled Evaluation (ADVANCE) trial.
(The study compared the effect of perindopril and inda-
pamide on macrovascular and microvascular outcomes
in patients with type 2 DM) [14]. In a post-hoc analysis
they identified 102 participants with progressive diabetic
kidney disease over a period of 5 years and compared
them to 179 participants whose kidney disease did not
progress. Kidney disease progression was defined as
doubling of serum creatinine, need for renal replacement
therapy, or death due to renal disease during the 5-year
follow up period. They found that baseline TGF-β levels
were higher in participants with progressive kidney
disease compared to the participants whose kidney dis-
ease did not progress. The association between baseline
TGF-β levels and kidney disease progression here was
independent of baseline eGFR and albuminuria. In the
other study of subjects with diabetic nephropathy
Sharma et al. measured TGF-β levels in participants ran-
domized to placebo (n = 24) or captopril (n = 34). Here
kidney disease progression, defined as loss of GFR, was
slower in those whose TGF-β levels were reduced over a
period of 6 months [15]. Collectively, these data suggest
that higher TGF-β levels are associated with progressive
diabetic nephropathy.
In contrast to the aforementioned studies, a recent

cross-sectional analysis by Gupta et al. evaluated TGF-β
levels in 3791 of the Chronic Renal Insufficiency Cohort
(CRIC) participants, almost half of whom had DM. The
investigators found no correlation between TGF-β levels
and measures of kidney function including eGFR or
urinary ACR [16]. Compared to the participants in-
cluded in our analysis, participants in CRIC were

younger, had a higher prevalence of HTN and DM, in
addition to lower eGFR. It is possible that circulating
TGF-β is a more sensitive marker of CKD in older adults
who have a higher prevalence of arterial stiffness. This is
consistent with the role arterial stiffness plays in CKD in
the elderly [21] and considering that TGF-β is induced
in the arterial wall with aging [24].
We found no association between plasma levels of

TGF-β and albuminuria in our population of older
adults. TGF-β is known to affect the glomerular base-
ment membrane in several ways that lead to increased
proteinuria such as induction of podocyte and endothe-
lial to mesenchymal transition and glomerular basement
membrane thickening [42]. Based on this, we expected
that increased TGF-β levels would associate with albu-
minuria. It is possible, however, that increased TGF-β
levels in our study are the result of induced production
in tissues other than the kidney such as the vasculature.
As such, systemic levels of TGF-β may not accurately re-
flect TGF-β production in the kidney. This is consistent
with our previous work that TGF-β levels are associated
with peripheral vascular disease [23] and with our find-
ings in this analysis that TGF-β levels are associated with
the composite end point of CV events/mortality.
There are several limitations to our study. First, the as-

sociation between TGF-β and eGFR is cross-sectional so
we are unable to draw conclusions on the direction of
associations. Although it is unknown whether TGF-β is
filtered by the kidney in humans animal data suggest
that TGF-β is predominantly cleared by the liver [43]. In
addition, although some studies have described forms of
TGF-β with small molecular weight (for example 12.5,
25, 50, and 90 kDa in breast cancer tissue [44]), in
humans, TGF-β is known to be synthesized and secreted
in a biologically latent form as a high-molecular weight
complex (135 kD) that is highly unlikely to be filtered in
the absence of proteinuric glomerular disease [45, 46].
Thus, while our data cannot determine whether high
TGF-β is associated with future decline in kidney func-
tion or if low eGFR raises TGF-β, we hypothesize the
former association on the basis of these prior studies.
Future studies with longitudinal data are an important
next step in this area of research. Second, plasma levels
of TGF-β were measured at a single time point on
stored samples. It is unclear whether TGF-β is stable
over an extended period of time and it is unknown
whether plasma TGF-β levels exhibit inter and intra-
subject variability over time, or whether intra-individual
changes over time are associated with longitudinal
changes in kidney function. In addition, we cannot guar-
antee the complete absence of platelet contamination at
the sites included in this analysis, although we believe
this is unlikely since we conducted pilot studies at all
sites to evaluate this. Of note, we identified potential
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platelet contamination at 2 sites and excluded all the
samples collected at both sites. Finally, because of the
observational nature of the study, we cannot eliminate
the possibility of residual confounding by imprecisely
measured risk factors or unmeasured risk factors.
Notwithstanding these weaknesses, the study has several
strengths including the consistency of TGF-β measure-
ment across samples and the large number of partici-
pants from a community-based cohort.

Conclusions
In this analysis, we show for the first time that higher
levels of plasma TGF-β are independently associated
with lower eGFR and higher prevalence of CKD among
community-dwelling older adults. We observed no
statistically significant association of TGF-β with albu-
minuria. The lack of an association with GFR decline in
our population is likely a reflection of the small number
of participants with follow up kidney function measure-
ments and the competing risk of other outcomes such as
CV events and mortality. Our findings suggest that
increased TGF-β may be a marker of vascular disease
that contributes to GFR decline, CV events, and mortal-
ity in the aged. Future longitudinal studies are needed to
assess whether circulating TGF-β levels are associated
with more rapid loss of kidney function over time in
community-living older adults, and whether therapies
that lower TGF-β and fibrosis may play a role in
preventing or treating CKD and CKD-associated co-
morbidities in older adults.

Additional file

Additional file 1: Table S1. Clinical characteristics by availability of
TGF-β levels. (DOCX 13 kb)

Abbreviations
ACR: Albumin/creatinine ratio; BMI: Body mass index; BP: Blood pressure;
CHS: Cardiovascular Health study; CKD: Chronic kidney disease; CRP: C-
reactive protein; CVD: Cardiovascular disease; DM: Diabetes mellitus;
eGFR: Estimated glomerular filtration rate; IQR: Interquartile range; LDL: Low
density lipoprotein; SD: Standard deviation; TGF-β: Transforming growth
factor-β

Acknowledgements
This analysis was supported by the following contracts: HHSN268201200036C,
HHSN268200800007C, N01HC55222, N01HC85079, N01HC85080, N01HC85081,
N01HC85082, N01HC85083, N01HC85086, and grant HL080295 from NHLBI,
with additional contribution from the National Institute of Neurological
Disorders and Stroke (NINDS). Additional support was provided by AG023629
from the National Institute on Aging (NIA). A full list of principal CHS
investigators and institutions can be found at CHS-NHLBI.org. Additional
support was provided by R01HL094555 and R01DK098234 from the National
Institutes of Diabetes and Digestive and Kidney Disease (NIDDK). The content is
solely the responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

Funding
No funding was obtained for the conduction of this analysis specifically.

Availability of data and materials
The data that support the findings of this study cannot be shared publicly
due to the regulations by CHS/NIH. All the data are available from CHS but
restrictions apply to the availability of these data, which were used under
Data Use Certification Agreement for CHS. Data are however available from
the authors upon reasonable request and with permission of CHS/NHLBI.

Authors’ contributions
TM, JI, and DJ were involved in the conception of the hypothesis, data
analysis plan, analysis interpretation, and drafting and editing of the
manuscript. PB conducted the statistical analysis, facilitated the data analysis
interpretation, and edited the manuscript. JK, LD, MC, KM, and MS were
involved in the data analysis plan and interpretation, in addition to drafting
and providing key edits to the manuscript. In addition, TGF-β levels were
measured by KM and his group. All of the authors have approved the
submitted version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This analysis was conducted on data collected for Cardiovascular Health Study
(CHS) of the National Heart Lung and Blood Institute of the National Institutes
(NHLBI) [25, 26]. All the participants were consented for participation in CHS and
the study was approved by the sites’ corresponding IRBs originally. Since this was
an observational study where the analyses utilized de-identified data, additional
consent for this analysis was not required. The proposal for the analysis was
reviewed and approved by the kidney working group for CHS and by CHS/NHLBI.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1University of Colorado Anschutz Medical Center, Aurora, USA. 2University of
Washington, Seattle, USA. 3Albert Einstein College of Medicine, New York,
USA. 4Brigham and Women’s Hospital and Harvard Medical School, Boston,
USA. 5Beth Israel Deaconess Medical Center, Boston, USA. 6University of
California San Francisco School of Medicine, San Francisco, USA. 7University
of California, San Diego, USA. 8Division of Renal Diseases and Hypertension,
University of Colorado Anschutz Medical Campus, Campus Stop: C281, 12700
E. 19th Ave, Aurora, CO 80015, USA.

Received: 2 December 2016 Accepted: 9 March 2017

References
1. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF, Feldman HI,

Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new equation to
estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):604–12.

2. Klahr S, Schreiner G, Ichikawa I. The progression of renal disease. N Engl J
Med. 1988;318(25):1657–66.

3. Border WA, Ruoslahti E. Transforming growth factor-beta in disease: the
dark side of tissue repair. J Clin Invest. 1992;90(1):1–7.

4. Yamamoto T, Noble NA, Miller DE, Border WA. Sustained expression of TGF-
beta 1 underlies development of progressive kidney fibrosis. Kidney Int.
1994;45(3):916–27.

5. Okuda S, Languino LR, Ruoslahti E, Border WA. Elevated expression of
transforming growth factor-beta and proteoglycan production in
experimental glomerulonephritis. Possible role in expansion of the
mesangial extracellular matrix. J Clin Invest. 1990;86(2):453–62.

6. Tamaki K, Okuda S, Ando T, Iwamoto T, Nakayama M, Fujishima M. TGF-beta
1 in glomerulosclerosis and interstitial fibrosis of adriamycin nephropathy.
Kidney Int. 1994;45(2):525–36.

7. Miyajima A, Chen J, Lawrence C, Ledbetter S, Soslow RA, Stern J, Jha S,
Pigato J, Lemer ML, Poppas DP, et al. Antibody to transforming growth
factor-beta ameliorates tubular apoptosis in unilateral ureteral obstruction.
Kidney Int. 2000;58(6):2301–13.

Mehta et al. BMC Nephrology  (2017) 18:98 Page 8 of 9

dx.doi.org/10.1186/s12882-017-0509-6


8. Ziyadeh FN, Hoffman BB, Han DC, Iglesias-De La Cruz MC, Hong SW, Isono M,
Chen S, McGowan TA, Sharma K. Long-term prevention of renal insufficiency,
excess matrix gene expression, and glomerular mesangial matrix expansion by
treatment with monoclonal antitransforming growth factor-beta antibody in
db/db diabetic mice. Proc Natl Acad Sci U S A. 2000;97(14):8015–20.

9. Chen S, la Cruz MC I-de, Jim B, Hong SW, Isono M, Ziyadeh FN. Reversibility
of established diabetic glomerulopathy by anti-TGF-beta antibodies in db/
db mice. Biochem Biophys Res Commun. 2003;300(1):16–22.

10. Iwano M, Kubo A, Nishino T, Sato H, Nishioka H, Akai Y, Kurioka H, Fujii Y,
Kanauchi M, Shiiki H, et al. Quantification of glomerular TGF-beta 1 mRNA in
patients with diabetes mellitus. Kidney Int. 1996;49(4):1120–6.

11. Yamamoto T, Nakamura T, Noble NA, Ruoslahti E, Border WA. Expression of
transforming growth factor beta is elevated in human and experimental
diabetic nephropathy. Proc Natl Acad Sci U S A. 1993;90(5):1814–8.

12. Bodi I, Kimmel PL, Abraham AA, Svetkey LP, Klotman PE, Kopp JB. Renal
TGF-beta in HIV-associated kidney diseases. Kidney Int. 1997;51(5):1568–77.

13. Yamamoto T, Noble NA, Cohen AH, Nast CC, Hishida A, Gold LI, Border WA.
Expression of transforming growth factor-beta isoforms in human
glomerular diseases. Kidney Int. 1996;49(2):461–9.

14. Wong MG, Perkovic V, Woodward M, Chalmers J, Li Q, Hillis GS, Yaghobian Azari
D, Jun M, Poulter N, Hamet P, et al. Circulating bone morphogenetic protein-7
and transforming growth factor-beta1 are better predictors of renal end points in
patients with type 2 diabetes mellitus. Kidney Int. 2013;83(2):278–84.

15. Sharma K, Eltayeb BO, McGowan TA, Dunn SR, Alzahabi B, Rohde R, Ziyadeh
FN, Lewis EJ. Captopril-induced reduction of serum levels of transforming
growth factor-beta1 correlates with long-term renoprotection in insulin-
dependent diabetic patients. Am J Kidney Dis. 1999;34(5):818–23.

16. Gupta J, Mitra N, Kanetsky PA, Devaney J, Wing MR, Reilly M, Shah VO,
Balakrishnan VS, Guzman NJ, Girndt M, et al. Association between
albuminuria, kidney function, and inflammatory biomarker profile in CKD in
CRIC. Clin J Am Soc Nephrol. 2012;7(12):1938–46.

17. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, Van Lente F,
Levey AS. Prevalence of chronic kidney disease in the United States. JAMA.
2007;298(17):2038–47.

18. McCullough PA, Li S, Jurkovitz CT, Stevens LA, Wang C, Collins AJ, Chen SC,
Norris KC, McFarlane SI, Johnson B, et al. CKD and cardiovascular disease in
screened high-risk volunteer and general populations: the Kidney Early
Evaluation Program (KEEP) and National Health and Nutrition Examination
Survey (NHANES) 1999–2004. Am J Kidney Dis. 2008;51(4 Suppl 2):S38–45.

19. Rule AD, Amer H, Cornell LD, Taler SJ, Cosio FG, Kremers WK, Textor SC,
Stegall MD. The association between age and nephrosclerosis on renal
biopsy among healthy adults. Ann Intern Med. 2010;152(9):561–7.

20. Glassock RJ, Rule AD. The implications of anatomical and functional changes of
the aging kidney: with an emphasis on the glomeruli. Kidney Int. 2012;82(3):270–7.

21. Madero M, Peralta C, Katz R, Canada R, Fried L, Najjar S, Shlipak M,
Simonsick E, Lakatta E, Patel K, et al. Association of arterial rigidity with
incident kidney disease and kidney function decline: the Health ABC study.
Clin J Am Soc Nephrol. 2013;8(3):424–33.

22. Sedaghat S, Mattace-Raso FU, Hoorn EJ, Uitterlinden AG, Hofman A, Ikram
MA, Franco OH, Dehghan A: Arterial Stiffness and Decline in Kidney
Function. Clin J Am Soc Nephrol. 2015;10(12):2190–7.

23. Agarwal I, Arnold A, Glazer NL, Barasch E, Djousse L, Fitzpatrick AL,
Gottdiener JS, Ix JH, Jensen RA, Kizer JR, et al. Fibrosis-related biomarkers
and large and small vessel disease: the Cardiovascular Health Study.
Atherosclerosis. 2015;239(2):539–46.

24. Wang M, Zhao D, Spinetti G, Zhang J, Jiang LQ, Pintus G, Monticone R,
Lakatta EG. Matrix metalloproteinase 2 activation of transforming growth
factor-beta1 (TGF-beta1) and TGF-beta1-type II receptor signaling within the
aged arterial wall. Arterioscler Thromb Vasc Biol. 2006;26(7):1503–9.

25. Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, Kronmal RA, Kuller
LH, Manolio TA, Mittelmark MB, Newman A, et al. The cardiovascular health
study: design and rationale. Ann Epidemiol. 1991;1(3):263–76.

26. Tell GS, Fried LP, Hermanson B, Manolio TA, Newman AB, Borhani NO.
Recruitment of adults 65 years and older as participants in the
Cardiovascular Health Study. Ann Epidemiol. 1993;3(4):358–66.

27. About CHS, CHS Overview [https://chs-nhlbi.org/CHSOverview].
28. Fredericks S, Holt DW. TGF-beta quantitation can be tricky. Transplantation.

1999;68(4):468–9.
29. Erlandsen EJ, Randers E, Kristensen JH. Evaluation of the Dade Behring N

latex cystatin C assay on the Dade Behring nephelometer II system. Scand J
Clin Lab Invest. 1999;59(1):1–8.

30. Stevens LA, Coresh J, Schmid CH, Feldman HI, Froissart M, Kusek J, Rossert J,
Van Lente F, Bruce III RD, Zhang YL, et al. Estimating GFR using serum
cystatin C alone and in combination with serum creatinine: a pooled
analysis of 3,418 individuals with CKD. Am J Kidney Dis. 2008;51(3):395–406.

31. Agarwal I, Glazer NL, Barasch E, Biggs ML, Djousse L, Fitzpatrick AL,
Gottdiener JS, Ix JH, Kizer JR, Rimm EB, et al. Fibrosis-related biomarkers and
incident cardiovascular disease in older adults: the cardiovascular health
study. Circ Arrhythm Electrophysiol. 2014;7(4):583–9.

32. Agarwal I, Glazer NL, Barasch E, Biggs ML, Djousse L, Fitzpatrick AL,
Gottdiener JS, Ix JH, Kizer JR, Rimm EB, et al. Fibrosis-related biomarkers and
risk of total and cause-specific mortality: the cardiovascular health study.
Am J Epidemiol. 2014;179(11):1331–9.

33. Psaty BM, Kuller LH, Bild D, Burke GL, Kittner SJ, Mittelmark M, Price TR,
Rautaharju PM, Robbins J. Methods of assessing prevalent cardiovascular
disease in the Cardiovascular Health Study. Ann Epidemiol. 1995;5(4):270–7.

34. Ives DG, Fitzpatrick AL, Bild DE, Psaty BM, Kuller LH, Crowley PM, Cruise RG,
Theroux S. Surveillance and ascertainment of cardiovascular events.
Cardiovasc Health Study Ann Epidemiol. 1995;5(4):278–85.

35. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem. 1972;18(6):499–502.

36. Glassock R, Delanaye P, El Nahas M. An Age-calibrated classification of
chronic kidney disease. JAMA. 2015;314(6):559–60.

37. R: A language and environment for statistical computing. [http://www.R-
project.org].

38. Yoshioka K, Takemura T, Murakami K, Okada M, Hino S, Miyamoto H, Maki S.
Transforming growth factor-beta protein and mRNA in glomeruli in normal
and diseased human kidneys. Lab Invest. 1993;68(2):154–63.

39. Rocco MV, Chen Y, Goldfarb S, Ziyadeh FN. Elevated glucose stimulates TGF-
beta gene expression and bioactivity in proximal tubule. Kidney Int. 1992;
41(1):107–14.

40. Lopez-Novoa JM, Rodriguez-Pena AB, Ortiz A, Martinez-Salgado C, Lopez
Hernandez FJ. Etiopathology of chronic tubular, glomerular and
renovascular nephropathies: clinical implications. J Transl Med. 2011;9:13.

41. Wahl SM, McCartney-Francis N, Allen JB, Dougherty EB, Dougherty SF.
Macrophage production of TGF-beta and regulation by TGF-beta. Ann N Y
Acad Sci. 1990;593:188–96.

42. Ghayur A, Margetts PJ. Transforming growth factor-beta and the glomerular
filtration barrier. Kidney Res Clin Pract. 2013;32(1):3–10.

43. Coffey Jr RJ, Kost LJ, Lyons RM, Moses HL, LaRusso NF. Hepatic processing
of transforming growth factor beta in the rat. Uptake, metabolism, and
biliary excretion. J Clin Invest. 1987;80(3):750–7.

44. Baillie R, Coombes RC, Smith J. Multiple forms of TGF-beta 1 in breast
tissues: a biologically active form of the small latent complex of TGF-beta 1.
Eur J Cancer. 1996;32A(9):1566–73.

45. Wakefield LM, Smith DM, Flanders KC, Sporn MB. Latent transforming growth
factor-beta from human platelets. A high molecular weight complex
containing precursor sequences. J Biol Chem. 1988;263(16):7646–54.

46. Miyazono K, Hellman U, Wernstedt C, Heldin CH. Latent high molecular weight
complex of transforming growth factor beta 1. Purification from human
platelets and structural characterization. J Biol Chem. 1988;263(13):6407–15.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Mehta et al. BMC Nephrology  (2017) 18:98 Page 9 of 9

https://chs-nhlbi.org/CHSOverview
http://www.r-project.org/
http://www.r-project.org/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study participants
	Measurement of TGF-β
	Kidney function measurements
	Cardiovascular disease and mortality
	Covariate assessment
	Statistical analysis

	Results
	Clinical characteristics of the participants
	The cross-sectional association between TGF-β levels and eGFR or ACR as continuous variables
	The cross-sectional association between TGF-β levels and clinically-significant CKD
	The association between baseline TGF-β levels and longitudinal outcomes

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

