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Abstract

Background—~Connective tissue growth factor (CTGF) is involved in the development and
progression of kidney diseases including diabetic nephropathy and kidney fibrosis, but may also
play a role in mesangial repair following injury. It is unknown whether, in the general population,
urinary CTGF levels are associated with reduction of estimated glomerular filtration rate (eGFR)
to less than 60 mI/min/1.73m2 (ie, development of chronic kidney disease [CKD] stage 3).

Study Designh—Nested case-control.

Setting & Participants—100 cases of incident CKD stage 3 and 100 age-and sex-matched
controls in the Framingham Heart Study (FHS); 141 cases and 135 age-, sexand race-matched
controls in the Atherosclerosis Risk in Communities (ARIC) Study. Controls had eGFR =60 ml/
min/1.73m? at follow-up in both studies.
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Predictors—Urinary CTGF concentrations.
Outcomes—Incident CKD stage 3, defined as eGFR <60 ml/min/1.73m2.

Measurements—Stored urine samples from Framingham Heart Study and ARIC were
measured for CTGF. Covariates were obtained from Framingham Heart Study and ARIC
participant examinations.

Results—In Framingham Heart Study, the median baseline urinary CTGF concentration was
lower among cases (1.35 ng/mL) than controls (2.35 ng/mL; paired t-test P<0.0001). The
multivariable-adjusted OR for incident CKD stage 3 was 0.33 (95% confidence interval [CI] 0.17-
0.64; P<0.001) per 1-standard deviation increase in log urinary CTGF after adjustment for CKD
risk factors, baseline eGFR and baseline log urinary albumin-creatinine ratio, with similar results
among participants without diabetes (n=184). Results were not materially different when urinary
CTGF was indexed to urinary creatinine (multivariable-adjusted OR, 0.34; 95% Cl, 0.21-0.56;
P<0.001). A similar, but non-significant, trend of risk of incident CKD stage 3 with lower baseline
urinary CTGF concentration was observed in an independent case-control study conducted in the
ARIC Study, with the strongest results observed among participants free of diabetes. This inverse
relationship was robust in meta-analysis of both the overall and diabetes-free groups.

Limitations—Observational study; causality cannot be inferred.

Conclusions—Lower urinary CTGF concentrations precede the onset of CKD stage 3 in the
general population. Further work is required to fully characterize how CTGF influences risk of
CKD.

Chronic kidney disease (CKD) is a major worldwide public health problem, having reached
epidemic proportions in the United States,! Europe,? Australia3 and Asia.*=® Once
established, CKD may result in progressive deterioration in kidney function,” substantial
morbidity,8~10 and excess mortality from both cardiovascular! and non-cardiovascular
causes.12 However, if detected early, kidney functional decline may be slowed!3:14 or even
reversed,1® and secondary complications can be averted. The currently available biomarkers
of CKD and its progression, serum creatinine and urinary protein, tend to detect the later
stages of injury, when kidney disease is already established and therapies are likely to be
less effective. Hence, there is a need for novel biomarkers that may both identify individuals
at risk for the development of reduced kidney function at the earliest possible stage.

Histologically, progressive kidney disease is characterized by matrix deposition within the
glomerulus and interstitium, loss of functioning nephrons and the development of
tubulointerstitial fibrosis.1® A central orchestrator of these maladaptive changes is
transforming growth factor-B (TGF-R).17=21 Connective tissue growth factor (CTGF), an
important downstream effector of TGF-R, is a 38 kDa, heparin-binding cysteine-rich protein
that has been shown to trigger cell proliferation, collagen synthesis, and chemotaxis in a
number of cell lines.?2 In vivo, CTGF exhibits pro-sclerotic properties in both animal
models of fibrotic kidney disease?3:24 and human kidney disease.2> However, CTGF has
also been shown to play a role in mesangial repair in response to kidney injury in in-vitro
models, 25 suggesting that the balance of repair and fibrosis may be complex.

We hypothesized that higher urinary CTGF levels may be associated with an increased risk
of developing eGFR < 60 ml/min/1.73m?2 in both the general population and among
individuals without diabetes. To address this question, we conducted a nested case-control
study of incident CKD stage 3 in the Framingham Heart Study. The association between
urinary CTGF concentrations was examined in the Framingham Heart Study sample and
then in a case-control study of incident CKD stage 3 in Atherosclerosis Risk in
Communities (ARIC) Study participants.

Am J Kidney Dis. Author manuscript; available in PMC 2012 June 1.
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Methods

Framingham Heart Study Sample

The design and methods of the Framingham Offspring Study, from which the participants in
this study were derived, have been described elsewhere.2’ Briefly, it began in 1971 with the
enrollment of 5124 men and women, and participants were examined approximately every
four to seven years thereafter. This present study includes Offspring cohort participants
assessed during the sixth examination cycle (1995 through 1998). All participants provided
written informed consent, and the institutional review boards of the Boston University
Medical Center approved the study.

ARIC Study and ARIC Carotid MRI Study Samples

The design of the ARIC (Atherosclerosis Risk in Communities) Study has been described in
detail previously.?8 It is a prospective, multicenter study of men and women in the general
population. Overall, 15,792 participants aged from 45 to 64 years were enrolled
between1987 and 1989, and attended 3 subsequent study visits approximately every 3 years.
Participants at study visit 4 (1996 through 1998) were chosen for the present study, as urine
samples were obtained at that visit. All participants provided written informed consent and
the institutional review boards of each study center approved the study protocols.

The ARIC Carotid MRI Study exam served as the follow-up visit for this case-control
analysis. Participants for the ARIC Carotid MRI Study were selected in 2004-2005 from the
surviving ARIC Study participants under a stratified sampling plan, based on the most
recent carotid intimal medial thickness (IMT) and field center.2® The goal was to recruit
1,200 participants with high values of maximum carotid artery IMT at their most recent
ultrasound examination (ARIC exam 3 or 4, 1993-5 or 1996-8) and 800 individuals
randomly sampled from the remaining eligible participants. Participants with
contraindications to magnetic resonance imaging (MRI) or allergy to contrast media were
excluded, as were those who could not provide informed consent. Participants who had a
prior carotid endarterectomy on the side selected for imaging (for the group with high IMT)
or either side (for the randomly sampled participants) were excluded. A total of 4,306
persons were invited: 1,403 refused, 837 were ineligible, and 2,066 participated.

Selection of Cases and Controls

In the Framingham Heart Study, estimated GFR was calculated using the 4-variable
Modification of Diet in Renal Disease (MDRD) Study Equation,3 as recommended by the
National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI) working
group3®; incident CKD stage 3 was defined as estimated GFR<60 ml/min/1.73m2. Serum
creatinine was measured using the modified Jaffé method and calibrated as previously
described.32 Of a total of 3522 individuals who attended the sixth examination, 486 were
missing UACR measurements, 26 were missing creatinine measurements, and 44 were
missing both, leaving 2966 participants from whom we selected 200 for a nested case-
control study of incident CKD stage 3; the design has previously been described.33
Participants with CKD or microalbuminuria (defined as UACR >25 mg/g in women and >17
mg/g in men)3L at baseline (offspring exam 6) were excluded from the nested case-control
design. Those 100 participants with the lowest eGFR at follow-up (offspring exam 8; 2005
through 2008) formed the case group. Controls were matched to the cases by age (+1 yr) and
gender, and were required to have a follow-up eGFR of at least 60 ml/min/1.73 m2.

In ARIC, cases and controls were selected from participants with data on serum creatinine
and urinary albumin excretion at both exam 4 (baseline) and the ARIC Carotid MRI Study
visit (follow-up). Participants with an estimated GFR < 60 mL/min/1.73 m2 or a UACR >
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30 mg/g at baseline were excluded. Cases of incident CKD stage 3 were identified as those
participants with an eGFR < 60 ml/min/1.73 m? at follow-up and a decrease in eGFR from
baseline to follow-up of > 25%. Controls were frequency matched to cases by race, sex, and
5-year age categories. As in the Framingham Heart Study, serum creatinine was measured
using a modified Jaffé method and calibrated.32

Urinary CTGF Measurement

Urinary CTGF concentrations were measured in both Framingham Heart Study and ARIC
using the Human Kidney Tox 1 assay (Rules-Based Medicine, Inc;
www.rulesbasedmedicine.com), a microsphere-based panel using antigen-specific antibodies
optimized in a capture-sandwich format, and a Luminex 100 Analyzer (Luminex Corp,
www.luminexcorp.com), as per the manufacturer's instructions. This assay measures the
full-length intact molecule of CTGF secreted protein. The inter-assay coefficient of variation
is 9% at a mean concentration of 18 ng/mL and 14% at a mean concentration of 1.2 ng/ml.
Overall, 18 samples in Framingham Heart Study and 21 in ARIC had CTGF concentrations
below the lower limits of detection, and these values were set to the lowest value in each
study.

Covariate Assessment

Participants in both Framingham Heart Study and ARIC underwent blood testing and were
assessed for CKD risk factors. High-density lipoprotein cholesterol and blood glucose were
measured on morning blood samples while fasting. Diabetes was defined as fasting blood
glucose of 126 mg/dL or greater or use of medication for the treatment of diabetes; ARIC
additionally included self-reported status in the definition of diabetes, as well as blood
glucose of 200 mg/dL or greater if not fasting. Systolic and diastolic blood pressure
measurements were taken as the mean of 2 physician readings using a mercury
sphygmomanometer in Framingham Heart Study. In ARIC, three seated blood pressure
measurements were taken using a random-zero sphygmomanometer, and the average of the
second and third readings was recorded. Hypertension was defined as a systolic BP >140
mmHg or a diastolic BP =90 mmHg or self-reported use of medication for hypertension.
Body mass index was defined as an individual's weight in kilograms divided by height in
meters squared. Current smoking status was defined by self-report.

In Framingham Heart Study, spot urine samples collected at the baseline examination (1995
through 1998) were stored at —20°C and then transitioned to —80°C. The urinary albumin
concentration was measured using immunoturbidimetry (Roche Diagnostics,
www.roche.com) and urinary creatinine levels were measured using the Jaffé method.34 In
ARIC, spot urine samples were collected and stored at —70°C. Urinary albumin levels were
measured by nephelometry and urinary creatinine levels were measured using the Jaffé
method.34

Statistical Analyses

In both studies, the distribution of basic demographic variables among participants was
described using mean (SD) for continuous and proportions for categorical variables,
respectively. Urinary CTGF concentrations were log-transformed to improve normality. A
paired t-test was used to assess whether there was a difference in baseline log urinary CTGF
concentrations between age and gender-matched pairs of cases and controls. Multivariable
regression using conditional logistic regression was used to further adjust for systolic BP,
hypertension treatment, diabetes, HDL, smoking, body mass index, baseline eGFR, and
baseline UACR. These covariates were selected as they were predictive of incident CKD in
previous studies.32 In ARIC, selection was stratified into 16 groups defined by race, sex and
5-year age windows. (i.e., frequency matching, rather than individual matching), and 10 of
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the 16 groups had equal numbers of cases and controls. Sampling and/or missing laboratory
measures resulted in 6 of the 16 groups having one more case than control. We used
conditional (fixed-effect) logistic regression for matched case-control groups, utilizing the
“clogit” command in Stata, which accounts for the within-group correlation.

In order to normalize urinary CTGF concentrations and correct for variation in urinary
volume between samples, we also indexed log urinary CTGF to urinary creatinine. In
addition, we modeled the odds ratio of CKD by quartile of baseline urinary CTGF level
using conditional logistic regression. In ARIC, additional sensitivity analyses examining the
impact of sampling weights for the ARIC carotid MRI study were performed; sampling
weights were found to be uncorrelated to CTGF levels. Framingham Heart Study and ARIC
results were meta-analyzed using a study-level, fixed-effects meta-analysis. Finally, we
considered the overall sample, and then limited our analyses to those without diabetes at
baseline.

A type | error threshold of 0.05 was used to indicate statistical significance. All statistical
analyses were performed using SAS 9.1 (SAS, www.sas.com) in Framingham Heart Study
and Stata 10.1 (www.stata.com) and R 2.7.1. in ARIC.

Framingham Heart Study Baseline Study Characteristics

Study sample characteristics appear in Table 1. Unadjusted correlation coefficients for
urinary CTGF in the Framingham Heart Study are presented in Table 2. Log CTGF
concentrations did not correlate with CKD risk factors, except for a negative correlation
with log UACR (r=—0.16; p=0.01), which was somewhat attenuated after adjustment for age
and sex (r=—0.14; p=0.06).

CTGF Levels in Framingham Heart Study Cases and Controls

The distribution of urinary CTGF levels by case/control status is shown in Figure 1; baseline
median concentrations of CTGF were lower among cases (1.35 ng/mL) as compared to
controls (2.35 ng/mL; paired t-test P < 0.001). Higher CTGF levels were associated with a
decreased risk for incident CKD stage 3: the multivariable-adjusted odds ratio for incident
CKD stage 3 was 0.31 (95% confidence interval [CI], 0.16-0.59; P < 0.001; Table 3) per 1-
SD higher log CTGF. Additional adjustment for baseline UACR did not materially affect the
results, and results were similar among participants without diabetes (n=184; Table 3).
Results were not materially different after indexing log urinary CTGF concentrations to
urinary creatinine (OR, 0.34; 95% Cl, 0.21-0.56; P < 0.001 per 1-SD higher log ratio of
CTGF to urinary creatinine).

We observed a significant trend of decreasing risk of incident CKD stage 3 for each
incremental quartile of CTGF concentration compared with the lowest (referent) quartile
(Table 4), with similar results among those without diabetes. Results were similar following
adjustment for prevalent CVD (OR for incident CKD stage 3 per 1 SD increase in log
urinary CTGF, 0.43; 95% Cl, 0.31-0.58; p<0.001).

Replication in the ARIC Study

Baseline characteristics of the ARIC sample are presented in Table 1. In ARIC, the overall
median CTGF concentration was 1.3 ng/ml. Unadjusted correlation coefficients for urinary
CTGF in the ARIC are presented in Table 2. Log CTGF concentrations were inversely
correlated with age (r = —0.26; p<0.001), as well as weakly correlated with BMI and systolic
blood pressure. Although the direction of effect was consistent with the Framingham Heart
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Study, the results of the continuous CTGF analysis in ARIC were not statistically significant
(Table 3). However, in quartile analysis we observed an inverse relationship between CTGF
concentration and incident CKD stage 3 (p-value for trend=0.04, Table 4), which was
attenuated in multivariable analysis (P=0.1). Stronger results were observed amongst ARIC
participants without diabetes (Table 4). Results in the subset of white ARIC participants
(n=214) were similar to those observed in the overall sample (multivariable-adjusted odds
ratio of 0.96 for Q2 vs. Q1 (95% Cl, 0.44-2.07); 0.62 for Q3 vs. Q1 (95% CI 0.28-1.39);
0.50 for Q4 vs. Q1 (95% CI 0.21-1.19); P for trend=0.09). The number of participants of
African ancestry was too small to analyze separately (n=62).

Meta-analysis of Framingham Heart Study and ARIC

Results were robust in meta-analysis of both studies, with a significant trend of decreasing
risk of incident CKD stage 3 for each incremental quartile of CTGF concentration,
compared with the referent (lowest) quartile in the overall sample (multivariable-adjusted
odds ratio of 0.34 for 4™ quartile vs. 15t quartile (95% ClI, 0.18-0.64; P for trend<0.001) and
among those free of diabetes (multivariable-adjusted odds ratio of 0.30 for Q4 vs. Q1 (95%
Cl 0.15-0.62; P for trend<0.001; Figure 2). Consistent with this, meta-analysis of
continuous log CTGF results also demonstrated an inverse relationship with risk of incident
CKD stage 3 in analyses of the overall sample (p=0.001) and participants free of diabetes
(p=0.001; Table 3).

Discussion

Our data demonstrate a significant inverse association between lower urinary CTGF
concentrations and the development of CKD stage 3 in this case-control study. A similar,
but non-significant, trend was observed in a complementary analysis of the ARIC study, and
results were robust in meta-analysis of both studies.

CTGF belongs a family of matricellular proteins known as CCN, an acronym derived from
three prototypic members: Cysteine-rich protein 61, CTGF, and Nephroblastoma
overexpressed protein. These proteins interact with cell surface receptors in the extracellular
matrix, growth factors, proteases, cytokines and extracellular matrix proteins3® and stimulate
mitosis, adhesion, apoptosis, extracellular matrix deposition, and the migration of several
cell types.38 In health, CTGF appears to play an essential role in embryogenesis,
37angiogenesis (via modulation of vascular endothelial growth factor [VEGF] function),37:38
wound healing and tissue repair,3’ including mesangial repair following kidney injury.28
However, CTGF has mostly been studied in the setting of disease, particularly fibrotic
kidney disease and diabetic nephropathy.3? In vitro, CTGF is a highly up-regulated protein
in glucose-exposed kidney mesangial cells.4 In vivo, increased expression of CTGF is
observed in the renal cortex of rats with streptozotocin-induced diabetes mellitus.*! CTGF is
an essential downstream mediator of the pro-fibrotic effects of TGF-8,%2 and has been
shown to mediate advanced glycation end product—induced epithelial-mesenchymal
transition and kidney fibrosis in rodents.#3 Furthermore, treatment with antisense molecules
directed against CTGF has been shown to attenuate the development of tubulointerstitial
fibrosis in animal models of fibrotic kidney disease.** In cross-sectional human studies,
urinary CTGF excretion correlates with disease severity in diabetic nephropathy?:46 and
was shown to predict progression of albuminuria, but not decline in GFR, in a small
prospective study of patients with diabetic nephropathy.4’

The present study extends knowledge in this area in several key ways. First, we demonstrate
a longitudinal relationship between urinary CTGF concentration and subsequent kidney
disease in a population-based setting. We also demonstrate that, in this disease-free cohort,
the direction of the relationship with risk of kidney disease appears reversed, with lower
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urinary CTGF concentrations associating with worse kidney outcomes. These observations
in the low and normal CTGF range may appear to contradict the prevailing understanding of
CTGF biology in diabetic nephropathy, where levels are typically markedly higher,*” and
merit further discussion.

Despite its name, CTGF is not a true growth factor, but rather a contextual modulator of cell
function whose effects depend on the local cellular microenvironment, and whose functions
are complex and cannot be easily generalized.38 For example, transient physiologic
expression of CTGF in response to injury results in wound healing,*8 and CTGF is released
in response to a wide variety of injurious agents, including glucose, advanced glycation end-
products, angiotensin I1, endothelin, glucose, thrombin, stretch, and oxidative stress.*8
Conversely, constitutive over-expression of CTGF promotes an environment where such
stimuli may induce potent fibrotic responses,38 and such over-expression is associated with
the development of fibrosis. In addition, the local level of expression of CTGF markedly
influences its ultimate effects at a tissue level. For example, CTGF at low concentrations is a
promoter of angiogenesis, whereas at high concentrations CTGF causes inhibition of this
process via modulation of VEGF function.38 As such, CTGF may be pro-angiogenic, anti-
angiogenic, or may not be involved in angiogenesis at all depending on the local level of
expression. Many other concentration-dependent effects of CTGF also have been described,
including its induction by TGF-R, its release in response to mechanical forces, and its
modulation by chromatin modification.38

Although the mechanism of the observed inverse association between CTGF and risk of
kidney disease is unclear, a similar differential effect of CTGF concentration may be
responsible. Our most robust findings were observed in participants without diabetes, an
understudied population in terms of CTGF biology, and must be interpreted in that context.
It is notable that urinary concentrations of CTGF are typically 100-fold higher in patients
with diabetic nephropathy when compared with unaffected diabetic controls*’ and, as such,
the literature on diabetic nephropathy may not apply to the present population. It is possible
that at these basal levels of expression, CTGF is necessary for mesangial health via the
mediation of mesangial repair following injury. This hypothesis is supported by in-vitro
studies demonstrating CTGF to be an essential pro-resolution factor following mesangial
injury.26 These studies demonstrate that mesangial cells demonstrate little or no capacity to
heal in the absence of CTGF, and that the pace of mesangial repair is a function of local
CTGF concentration.2

This proposed hypothesis, whereby CTGF performs distinct functions in different contexts,
mirrors exactly the “"homeostatic challenge model' described for TGF-B, a closely-related
cytokine.>0 Itself a powerful trigger of tubular cell injury and fibrosis, TGF-R has recently
been shown to also have an essential role in maintaining epithelial cell homeostasis, such
that a deficiency in signaling paradoxically triggers tubular cell injury and fibrosis.>! Tight
regulation of TGF-R signaling appears vital for kidney epithelial cell structure and health,
with the cytokine apparently performing an essential custodial function under basal
conditions.®? Studies with larger sample sizes, spanning later and more severe CKD, are
needed to confirm whether a similar paradigm might explain the present observations,
stemming as they do from this small, pilot study.

Of note, it is also possible that CTGF per se may not be directly responsible for these
observations. For example, the results may relate to the form of CTGF that was measured.
As CTGF is an adherent matricellular protein, tissue levels (which are the likely mediator of
fibrosis) may not correlate with secreted/excreted protein. Further studies incorporating
measures of plasma CTGF would help address this issue.

Am J Kidney Dis. Author manuscript; available in PMC 2012 June 1.
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The findings from the present work suggest that CTGF levels may predict the development
of CKD stage 3 in the general population and in participants without diabetes up to a decade
before clinical diagnosis. However, this work also highlights the complex biology of CTGF,
and efforts to elucidate the mechanisms underlying the association between higher basal
CTGF expression and lower risk of kidney disease require further study. Furthermore, those
involved in current efforts to develop anti-CTGF therapies for the treatment of fibrotic
diseases should be aware of the attendant possibility that there may be an optimal level of
CTGF expression, below which harm may occur, possibly due to inadequate repair of
ongoing damage. This concern is supported by a recent study of TGF-R8 blockade, which
unexpectedly resulted in increased fibronectin deposition in renal tubular cells.53

This study has several strengths, including the long follow-up, the richness of the dataset
and consistent findings in an independent, external analysis. Limitations pertain to the
observational nature of the study, such that causality cannot be inferred from our results.
Given that this is a nested case-control study, the results may not be generalized to the
Framingham Heart Study as a whole. Also, although every effort was made to adjust for
confounding by baseline proteinuria and eGFR, the possibility of residual confounding
cannot be completely eliminated. Furthermore, results were stronger in the Framingham
cohort compared to ARIC. It is possible this observation may be explained by a “winner's
curse' i.e. upward bias of effect sizes in early studies. Nonetheless, further studies in larger,
population-based cohorts are desirable to confirm the findings of this exploratory, pilot
study.

In summary, the presence of lower urinary CTGF concentrations is associated with the
development of CKD stage 3 in two independent study samples. Further work is required to
fully characterize how CTGF influences risk of kidney disease.
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Figure 1.
CTGF concentrations in case and control participants at baseline in the Framingham Heart

Study are shown, with medians marked (line). Box represents 25t to 75™ percentile values;
whiskers represent 5th to 95th percentile values. Controls: Mean 2.32 ng/mL median 2.35
ng/mL . Cases: Mean 1.42 ng/mL median 1.35 ng/mL.

Am J Kidney Dis. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Seaghdha et al.

Page 13

a1 a2 Q3 as
Quartile of CTGF levels.

Figure 2.

Meta-analysis results of the Framingham Heart Study and the ARIC study. Bars represent
95% confidence intervals. P-value for trend across the quartiles <0.001 for both the overall
and non-diabetes groups. nonDM, group without diabetes
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Table 4
Association of incident CKD stage 3 with quartile of log urinary CTGF in the Framingham Heart Study and
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ARIC Study

OR (95% CI) P-value for trend
Q2vs. Q1 Q3vs. Q1 Q4vs. Q1
Framingham Heart Study
Overall sample
Unadjusted 0.44 (0.19-1.04) | 0.10(0.03-0.35) | 0.10 (0.03-0.32) <.0001
multivariable-adjusted™ 0.56 (0.25-1.28) | 0.13 (0.04-0.37) | 0.06 (0.02-0.20) <.0001
multivariable-adjusted” + UACR | 0-54(0.23-1.24) | 0.13 (0.04-0.38) | 0.06 (0.02-0.20) <.0001
Non-Diabetes sample
Unadjusted 0.66(0.32-1.37) | 0.16(0.06-0.42) | 0.11(0.04-0.33) <.0001
multivariable-adjusted™ 0.55(0.24-1.30) | 0.13(0.04-0.40) | 0.06(0.02-0.22) <.0001
multivariable-adjusted™ + UACR | 0-57(0.24-1.36) [ 0.14(0.05-0.42) | 0.06(0.02-0.23) <.0001
ARIC
Overall sample
Unadjusted 1.05 (0.56-2.00) | 0.44 (0.21-0.91) | 0.60 (0.28-1.26) 0.04
multivariable-adjusted™ 1.09 (0.56-2.12) | 0.45(0.21-0.97) | 0.74 (0.34-1.61) 0.1
multivariable-adjusted” + UACR | 1.09 (0.56-2.13) | 0.45 (0.21-0.97) | 0.74 (0.34-1.61) 0.1
Non-Diabetes sample
Unadjusted 1.16 (0.57-2.37) | 0.37 (0.16-0.84) | 0.57 (0.25-1.30) 0.03
multivariable-adjusted™ 1.23(0.58-2.63) | 0.34(0.14-0.84) | 0.70 (0.29-1.67) 0.07
multivariable-adjusted® + UACR | 1:23 (057-2.64) | 0.34 (0.14-0.84) [ 0.70 (0.29-1.67) 0.07

Odds ratio of CKD by quartiles of urinary CTGF concentration in the Framingham Heart Study and ARI

Abbreviation: UACR: Urinary albumin-creatinine ratio; ARIC, Atherosclerosis Risk in Communities; CTGF, connective tissue growth factor;

CKD, chronic kidney disease; OR, odds ratio; Cl, confidence interval

*
Multivariable adjustment included the following variables: estimated glomerular filtration rate, systolic blood pressure, hypertension treatment,

diabetes, high density lipoprotein-cholesterol, body mass index, smoking
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