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Abstract

Diabetic kidney disease (DKD), defined as reduced glomerular filtration rate (GFR), elevated
urine albumin excretion, or both that is clinically attributable to diabetes, is a common and morbid
diabetes complication. Animal-experimental data, observational human studies, and short-term
clinical trials suggest that vitamin D and omega-3 fatty acid supplements may be safe and
inexpensive interventions to reduce the incidence and progression of DKD. The Vitamin D and
Omega-3 Trial to Prevent and Treat DKD (VITAL-DKD) was designed as an ancillary study to the
VITAL trial of 25,871 US adults. In a 2 x 2 factorial design, VITAL participants were randomly
assigned to vitamin D3 (cholecalciferol, 2000 IU daily) or placebo and to marine omega-3 fatty
acids (eicospentaenoic acid and docosahexaenoic acid, 1 g/d) or placebo. VITAL-DKD enrolled a
subset of 1,326 VITAL participants with type 2 diabetes at baseline to test the effects of vitamin D
and omega-3 fatty acids on changes in estimated GFR and urine albumin excretion. Over five
years of follow-up, VITAL-DKD collected blood and urine samples to quantify changes in
estimated GFR (the primary study outcome) and urine albumin excretion. At baseline, mean age of
VITAL-DKD participants was 67.6 years, 46% were women, 30% were of racial or ethnic
minority, and the prevalence of DKD (estimated GFR <60 mL/min/1.73m? or urine albumin-
creatinine ratio =230 mg/g) was 17%. In this type 2 diabetes population, VITAL-DKD will test the
hypotheses that vitamin D and omega-3 fatty acids help prevent the development and progression
of DKD.
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Introduction

Diabetic kidney disease (DKD), defined as albuminuria, reduced glomerular filtration rate
(GFR), or both that is clinically attributable to diabetes, is a large and growing public health
burden.! Over the last 2-3 decades, the prevalence of DKD in the US has increased in direct
proportion to the prevalence of diabetes itself, with an estimated 6.9 million people with
DKD in 2005-2008.2 Intensive glucose control helps prevent DKD, and renin-angiotensin
system (RAS) inhibitors help slow DKD progression.3-% However, residual risks of DKD
development and progression are high, and few new treatments targeting DKD have
successfully been introduced in the last two decades. As a result, approximately 50,000
patients now progress from DKD to end stage kidney disease (ESKD) in the US each year.”
Moreover, patients with DKD are at markedly increased risk of cardiovascular disease and
mortality.® To mitigate the growing public health burden of DKD, new approaches are
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needed to prevent DKD, its progression, and cardiovascular sequelae. Ideally, such
approaches should be sufficiently accessible, inexpensive, safe, and effective to apply to the
large at-risk diabetes population.

Administration of vitamin D (cholecalciferol or ergocalciferol) is a promising therapeutic
intervention for DKD prevention and treatment. While vitamin D has long been used to
enhance bone health in selected populations, pleiotropic effects of vitamin D on other organ
systems have more recently gained widespread attention.19 Vitamin D may have
particularly important effects on the kidney, an organ that plays a central role in vitamin D
metabolism.1! In animal-experimental models, 1,25-dihydroxyvitamin D (the active
hormonal generated from cholecalciferol or ergocalciferol) prevents kidney damage by
potently suppressing the RAS, reducing renal inflammation, and exerting direct pro-survival
effects on podocytes.12 These effects reduce albuminuria and glomerulosclerosis, in synergy
with RAS inhibitors.12-14 Human studies suggest that these effects may have clinical
relevance. Lower circulating concentrations of 25-hydroxyvitamin D (used to assess vitamin
D sufficiency) have been associated with increased risks of albuminuria and GFR loss in
most (though not all) studies.1®16 In short-term clinical trials of people with DKD, 1,25-
dihydroxyvitamin D and its analogues significantly reduced albuminuria but also possibly
decreased GFR:17 whether this leads to progressive GFR loss over time or to long-term
renoprotection, as with RAS inhibitors, is not known. Moreover, supplement forms of
vitamin D (cholecalciferol and ergocalciferol) may be more appropriate for DKD prevention
because they are less likely to cause hypercalcemia and are inexpensive, but effects of
vitamin D supplements on human DKD are not known.

Omega-3 fatty acids, found naturally in high quantities in fatty fish, have vascular and anti-
inflammatory properties that may help prevent and treat DKD.18 In animal models of
diabetes, omega-3 fatty acids reduced renal inflammation, mesangial expansion, tubulo-
interstitial fibrosis, and glomerulosclerosis.18-20 In epidemiologic studies, greater dietary
fish intake was associated with decreased risks of albuminuria and reduced GFR, and higher
plasma polyunsaturated omega-3 fatty acid concentrations were associated with slower loss
of creatinine clearance.1® Short-term clinical trials provide proof of concept for beneficial
vascular and anti-inflammatory effects in humans: at least 7 intervention studies suggest that
omega-3 fatty acids improve vasodilation and/or decrease markers of endothelial cell
activation, important determinants of intraglomerular pressure and urinary albumin filtration,
and at least 3 studies of persons with type 2 diabetes found that omega-3 fatty acids reduced
measures of oxidative stress, which is closely linked with tissue inflammation and DKD
progression. Moreover, a meta-analysis of 17 trials in DKD, IgA nephropathy, or other
glomerular diseases reported that omega-3 fatty acids reduced albuminuria by 19% reduction
(95% ClI 4-34% reduction); the effect estimate was similar though not statistically significant
restricted to trials of DKD.2! Two subsequent trials provided additional supportive evidence
that omega-3 fatty acids prevent loss of GFR.22:23

In summary, abundant data point to potential renal benefits of both vitamin D and omega-3
fatty acids, but existing evidence is inadequate to recommend routine vitamin D or omega-3
supplementation for the prevention or treatment of DKD. Therefore, we designed the
Vitamin D and Omega-3 Trial to Prevent and Treat DKD (VITAL-DKD) to assess the
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efficacy and safety of vitamin D and omega-3 fatty acids for the prevention and treatment of
DKD. Because both vitamin D and omega-3 fatty acid supplements may have beneficial
effects that reduce cardiovascular morbidity and mortality among people with diabetes and
DKD,1:18 secondary outcomes of VITAL-DKD will assess the effects of these interventions
on cardiovascular risk.

Materials and methods

Study design

This study was designed as an ancillary study to the Vitamin D and Omega-3 Trial (VITAL),
a randomized, double-blind, placebo-controlled trial of the benefits and risks of vitamin D
and marine omega-3 fatty acids in the primary prevention of CVD and cancer
(NCT01169259).24 The parent VITAL trial is a large study (N=25,871) that is conducted
primarily by mail. The parent VITAL trial collected baseline blood samples on a subset of
participants (N=16,954), but follow-up blood samples and urine samples were collected only
among a subset of generally healthy participants. The VITAL-DKD trial was built into the
parent VITAL trial. Specifically, a subset of VITAL participants with type 2 diabetes at
baseline was identified, recruited, and enrolled into VITAL-DKD. Each VITAL-DKD
participant was randomly assigned by the parent VITAL trial to vitamin D or placebo and
omega-3 fatty acids or placebo. The VITAL-DKD trial collected baseline and follow-up
outcome and covariate data specific to DKD to assess effects of study interventions on
estimated GFR and albuminuria. The VITAL-DKD trial was approved by the Partners
Human Research Committees, the Institutional Review Board of Brigham and Women’s
Hospital, and registered with clinicaltrials.gov prior to enrolling participants
(NCT01684722).

Study population

Enrollment

The parent VITAL trial is restricted to older individuals (men ages = 50 years, women ages
> 55 years) because rates of chronic disease (including cardiovascular diseases, cancer, and
kidney disease) increase substantially with age.2 VITAL excluded persons with clinically
apparent cardiovascular disease or cancer (except non-melanoma skin cancer) because it is a
trial for the primary prevention of these conditions. For the VITAL-DKD trial, we recruited
a subset of VITAL participants with prevalent type 2 diabetes. Specifically, we targeted
parent VITAL trial participants who reported a physician diagnosis of diabetes at screening
and agreed to donate a blood sample to the VITAL study, From this group, we excluded (a)
persons who reported a diagnosis of diabetes only during pregnancy (presumed gestational
diabetes), and (b) persons who reported diabetes diagnosis prior to age 30 and first treated
with insulin (likely type 1 diabetes). We also excluded participants with a known cause of
kidney disease other than diabetes (Table 1).

Potentially eligible individuals were identified during the parent VITAL trial placebo run-in
period. Consecutive potentially eligible individuals were contacted for VITAL-DKD until
the enrollment goal of 1,320 participants was met. Potentially eligible individuals were
mailed a VITAL-DKD kit that included a separate ancillary study consent form, an ancillary
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study-specific questionnaire, and urine collection materials. Participants entered the VITAL-
DKD ancillary study if they: (1) returned complete and valid DKD ancillary study materials;
(2) returned a blood sample as part of the parent VITAL trial; (3) met all parent VITAL trial
and DKD ancillary study eligibility criteria; and (4) were randomized into the parent VITAL
trial.

Interventions

As part of the parent VITAL trial, DKD ancillary study participants were randomly assigned
to one of four treatment groups in a 2x2 factorial design: (1) vitamin D plus placebo
omega-3 fatty acids; (2) omega-3 fatty acids plus placebo vitamin D; (3) vitamin D plus
omega-3 fatty acids; or (4) two placebos.2* Study medications were dispensed in calendar
packs, with participants asked to take two pills (one vitamin D or placebo, plus one omega-3
fatty acids or placebo) each day. Vitamin D3 (cholecalciferol, 2000 1U) and matching inert
placebo were provided by Pharmavite LLC. Omega-3 fatty acids (Omacor® fish oil, 1 g
capsule containing 465 mg of EPA plus 375 mg of DHA) and matching inert placebo were
provided by ProNova. Participants were asked to limit vitamin D intake from all
supplemental sources combined to <800 IU daily and to forego use of non-study fish-oil
supplements. Randomization occurred from November, 2011, through March, 2014.
Assignments were assigned in blocks of eight, stratified by age, sex, and race. Treatment
assignments were concealed to both participants and investigators.

Biosample and data collection

Outcomes

VITAL-DKD biosamples and data were collected at three time points: prior to
randomization (baseline), two years after randomization, and five years after randomization.
All blood samples, urine samples, and data were collected by mail. Each participant was
mailed a DKD ancillary study kit that included paperwork and supplies for the local
collection of blood (for follow-up collections only; blood was collected separately at
baseline) and urine. Briefly, the full kit included a gel-filled freezer pack, a small box for
returning biosamples and forms, and an overnight courier air bill; supplies and instructions
for having blood drawn into prelabeled tubes; and a cup, plastic single-use pipette, and two
5-mL screw-top cryovials for urine. The DKD ancillary study questionnaire included
detailed questions on diabetes treatments and complications and medication use relevant to
diabetes care and hypertension treatment. Participants were instructed to identify a
convenient day for phlebotomy (usually at their own healthcare provider or using an in-
home testing service paid by the ancillary study) and freeze the gel pack overnight. On the
sample collection day, they were instructed to collect a clean-catch first morning void,
transfer urine to cryovials, obtain phlebotomy, and return all forms and biosamples with the
frozen gel pack using FedEx overnight service. Upon receipt at the central laboratory at the
Brigham Women’s Hospital Division of Preventive Medicine laboratory, blood was
centrifuged to separate plasma, serum, red blood cells, and buffy coat, and aliquots of blood
components and urine were stored at <-80°C.

The primary outcome of VITAL-DKD is change in estimated GFR (eGFR) from baseline to
study year 5. GFR will be estimated from the serum concentrations of creatinine and cystatin
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C using the CKD-EPI equation, which is the most accurate and precise available estimation
method.2 Secondary outcomes include time to the composite outcome of 40% decrease in
eGFR from baseline or the development of end stage renal disease; 26 change in urine
albumin-creatinine ratio (ACR) from baseline to study year 5; time to doubling of urine
ACR to a final urine ACR =30 mg/g; change in hemoglobin Alc; changes in blood pressure;
and changes in markers of cardiovascular risk (high sensitivity C-reactive protein,
interleukin-6, and NT-pro brain natriuretic peptide). Changes in eGFR and urine ACR were
considered co-primary outcomes until 2016, when funding was provided to extend
monitoring for changes in eGFR from 2 to 5 years. Creatinine, cystatin C, albumin, and high
sensitivity C-reactive protein are measured on a Beckman DXC chemistry analyzer.
Creatinine is measured using a modified Jaffe reaction, cystatin C by immune-turbidimetric
assay, and albumin by a timed endpoint method. Creatinine results are traceable to isotope
dilution mass spectrometry, and cystatin C results are harmonized with ERM-DA471/IFCC.
27 Interleukin-6 and NT-pro brain natriuretic peptide are measured using Mesoscale
immunoassays.

Quality control

Laboratory drift and shift due to changes in reagents, calibrator lots, equipment, or
equipment settings can introduce selective or nonselective bias into analyses.28:2% Therefore,
we prospectively incorporated 5 levels of quality control (QC) into our measurements of
creatinine, cystatin C, and urinary albumin in order to prevent lab error and, if present, to
effectively detect and account for changes over time. First, assay controls provided by
reagent manufacturers were run daily prior to clinical samples to verify proper analyzer
function. Second, aliquots of “high” and “low” serum and urine standards, prepared by the
hundreds and frozen at —80°C, were run in parallel with clinical samples each day to
monitor for drift. Third, “QC sets” of 20 serum or urine samples, also prepared in numerous
aliquots and frozen at —80°C and designed to span large ranges of serum creatinine/cystatin
C or urine creatinine/albumin, were run periodically throughout the course of sample
analysis. Fourth, blind replicates (5-10%) were analyzed to ensure the integrity of the entire
assay and data management process, including the identification and labeling of samples and
the incorporation of results into master databases. Fifth, national and international standards
were measured periodically to verify that creatinine and cystatin C are consistent with NIST
and ERM-DA471/IFCC standards. In the event that drift in assay results was identified over
time, the “QC sets” can be used to harmonize measurements by generating regression
equations and transforming drifted values as indicated.

Data analysis

Distributions of eGFR and urine ACR will be summarized by treatment group over time
(baseline, year 2, and year 5), as will changes in eGFR and urine ACR from baseline to
years 2 and 5. We will use linear mixed models to test whether changes in eGFR (primary
outcome) and urine ACR (secondary outcome) differ by treatment assignment. For each
model, either eGFR or urine ACR will be the dependent variable, and time and treatment x
time interactions will be included as independent variables. In the event that any baseline
characteristics are not balanced between treatment groups, sensitivity analyses will add to
the model additional terms for such baseline characteristics and their interactions with time.
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Primary analyses will be performed in accordance with the intent-to-treat principle, meaning
that all participants will be analyzed according to their assigned treatment group, regardless
of adherence or follow-up. We will assess for interaction of the study interventions (vitamin
D and omega-3 fatty acids) for the primary outcome. If we observe interaction, all analyses
will separately compare each of the three active treatment groups to the treatment group that
receives (placebo + placebo). If there is no evidence of interaction, all participants assigned
to any active vitamin D will be compared to all participants assigned to placebo vitamin D,
and all participants assigned to any active omega-3 fatty acids will be compared to all
participants assigned to placebo omega-3 fatty acids. We will assess secondary categorical
outcomes using discrete Cox proportional hazards models. We will describe the use of
concomitant medications (such as glucose- and blood pressure-lowering medications) and
laboratory values (such as hemoglobin Alc) over the course of the trial; if we observe large
differences by treatment assignment, we will explore whether such differences mediate or
attenuate treatment effects through multivariable adjustment. For the vitamin D intervention,
prespecified subgroup analyses will be based on baseline total and bioavailable serum
25(0OH)D concentrations, urine ACR, and eGFR as well as race and ethnicity. For the
omega-3 fatty acid intervention, prespecified subgroup analyses will be based on baseline
levels of EPA+DHA and hsCRP.

The sample size of 1,320 participants was designed to provide 80% power to detect a >2.3
mL/min/1.73m? difference in the change in eGFR, comparing each active treatment to
placebo, at a two-sided alpha level of 0.05. At this sample size, there is likewise 80% power
to detect a 15% or greater relative difference in change in urine ACR. Assumptions included
independent and equal allocation of participants to each treatment; 80% of participants
contributing at least one follow-up blood and urine sample; variation in baseline eGFR and
urine ACR as observed in preliminary data (median (IQR) 80.7 (66.6-93.2) mL/min/1.73m?
and (1.3-10.3) mg/g, respectively); variation in change in eGFR and urine ACR as observed
in preliminary data (mean (SD) —0.3 (13.6) mL/min/1.73m? and —14.4 (98.2) mg/g,
respectively); and no interaction between treatments.

Of 3,244 potentially eligible individuals invited to join VITAL-DKD during the parent
VITAL trial enrollment period, 1,750 (54%) consented to participate, and 1,326 (41% of
those solicited) were randomized into the VITAL-DKD trial (Figure 1).

Baseline characteristics

Distributions of age (mean 67.6 years), sex (46% female), and body mass index (mean 31.4
kg/m?2) were similar to the parent VITAL trial and to all VITAL trial participants with
diabetes (Table 2). The proportion of participants of minority race or ethnicity enrolled in
VITAL-DKD (30%) was similar to that in the overall parent VITAL trial but slightly lower
than that of all VITAL trial participants with diabetes. Among enrolled VITAL-DKD
participants, the median duration of diagnosed diabetes was between 6 and 10 years,
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biguanides and sulfonylureas were the most commonly-used glucose-lowering medications,
20% were treated with insulin, 80% were treated with an antihypertensive agent (including
61% with an angiotensin converting enzyme inhibitor, an angiotensin Il receptor blocker, or
both), and 71% were treated with a lipid-lowering medication (Tables 2 and 3).

Mean GFR estimated from serum creatinine and cystatin C was 88.0 mL/min/1.73m?
(Figure 2 and Table 3). Estimated GFR was <60 mL/min/1.73m? for 151 (11%) of

participants, and urine ACR was =30 mg/g for 118 participants (9%). Combined, 229
participants (17%) had estimated GFR <60 mL/min/1.73m2 or urine ACR =30 mg/g.

Quality control

Interassay CVs calculated from repeated measurements of matrix-appropriate standards
spanning a range of concentrations were 2.4-6.9% for serum creatinine, 6.1-8.2% for serum
cystatin C, and 1.9-2.9% for urine albumin. Measurements of serum and urine “QC sets”
performed throughout the time period in which VITAL-DKD samples obtained at baseline
or year 2 were measured demonstrated no evidence of laboratory drift or shift (Figure 3).

Discussion

The VITAL-DKD trial was initiated to test the effects of vitamin D and omega-3 fatty acid
supplementation on the development and progression of DKD among people with type 2
diabetes. Potential beneficial effects of these agents on the kidney are supported by animal-
experimental models, observational human studies, and short-term clinical trials. However,
data on the long-term renal effects of vitamin D and omega-3 fatty acids are not known, and
therefore routine use of these agents is not currently recommended by most clinical practice
guidelines. The VITAL-DKD trial will help fill this gap in knowledge.

The VITAL-DKD trial built upon the foundation of the broader parent VITAL trial to
provide an efficient means for evaluating the core hypotheses. In particular, from the parent
VITAL trial, VITAL-DKD leveraged the large group of participants who had already
expressed interest in participating in a clinical trial; provision of study medications;
mechanisms to maintain retention and adherence; baseline and follow-up data; baseline
blood samples; and database, personnel, and laboratory infrastructure. As a result, a
relatively large ancillary study with 5 years of follow-up was integrated into a randomized
trial with minimal additional expense. One trade-off with this efficient approach included
collection of fewer follow-up measurements than many DKD trials, in order to minimize
cost and participant burden for the broader parent trial. Fewer measurements increases the
potential impact of missing data and makes it difficult to verify that changes in estimated
GFR or urine ACR are persistent over time.

An uncommon feature of VITAL-DKD was collection of biosamples locally with overnight
mailing to a central laboratory. This approach that allows geographically diverse participants
to participate without excessive travel and is suitable for analytes that are stable to such
transportation (including creatinine, cystatin C, and albumin),3° but not all analytes.
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VITAL-DKD, through interventions provided by the parent VITAL trial, will test forms and
doses of vitamin D and omega-3 fatty acids that may be appropriate for use on a wide scale.
Vitamin D3 is recommended by many experts as the optimal form of vitamin D
supplementation based on its known dose-response effects on 25-hydroxyvitamin D
concentration, documented long-term safety, and proven benefits in fracture reduction when
used with calcium in the setting of osteoporosis.? The dose of vitamin D being tested by
VITAL (2000 IU, or 50 pg), as well as the dosing schedule (once per day, rather than
intermittent large boluses), was selected to provide an optimal balance of efficacy and safety
based on evidence at the time of trial initiation and the recommended daily allowance and
tolerable upper limit set by the Institute of Medicine.® A wide range of vitamin D doses have
been evaluated in prior trials, with our dose falling in the middle or low-middle of this range.
The components and dose of omega-3 fatty acids (465 mg of EPA plus 375 mg of DHA) are
consistent with those recommended by the American Heart Association3! and shown to be
beneficial, with minimal side effects, in the GISSI trial.32 This dose of omega-3 fatty acids is
lower than that used in many prior trials of kidney disease.?!

The enrolled VITAL-DKD population is largely representative of the overall parent VITAL
trial participants with diabetes, with the exception of race and ethnicity. A high proportion of
potentially eligible individuals consented to participation in VITAL-DKD, which helped
achieve this representation. Streamlined integration of VITAL-DKD procedures within the
broader VITAL trial also likely facilitated participation.

VITAL-DKD participants are slightly less representative of people with diabetes in the
broader United States. For example, in VITAL-DKD, the duration of diagnosed diabetes is
longer, the prevalence of use of medications to control glycemia, blood pressure, and lipids
is higher, and control of intermediate treatment targets (hemoglobin Alc and blood pressure)
was better than in the broader US population with diabetes.33 Differences are likely due to
the requirement of VITAL-DKD for a physician diagnosis of diabetes (whereas many US
adults with diabetes are undiagnosed) and selection of a group with motivation sufficiently
high to both participate in a clinical trial and attend carefully to their own health. Our results
will apply directly only to adults with diagnosed type 2 diabetes.

The effects of vitamin D and omega-3 fatty acids on DKD may depend on baseline vitamin
D and omega-3 fatty acid nutritional status, respectively. Baseline total and bioavailable
serum 25(0OH)D concentrations and EPA+DHA will be used to evaluate this possibility, but
distributions of these biomarkers in our study population are not yet available.

In VITAL-DKD, the prevalence of kidney disease at baseline (17% with estimated GFR <60
mL/min/1.73m? or urine ACR =30 mg/g, including 11% with estimated GFR <60 mL/min/
1.73m?2 and 9% with urine ACR =30 mg/g) was lower than that of the broader US population
with diabetes (25%, 12%, and 16%, respectively).34 The relatively low proportion of
VITAL-DKD participants with elevated urine ACR, in particular, may portend a low rate of
GFR loss in the study, which could limit ability to detect differences by treatment
assignment. In addition, while VITAL-DKD includes participants both with and without
prevalent DKD, it will likely apply most clearly to patients without prevalent DKD, i.e.
DKD prevention.
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Consistent measurements of serum creatinine and cystatin C over time are essential to
accurately determine treatment effects. Cystatin C results have been reported to shift with
changes in reagents and calibrator lots.28:29 Should this problem arise, the prospective
quality control approach developed for this project will allow calibration of future values to
baseline values and international standards.

In conclusion, VITAL-DKD will test the hypotheses that vitamin D and omega-3 fatty acid
supplementation help prevent the development and progression of DKD among people with
type 2 diabetes. According to plan, study medications were discontinued on December 31,
2017, and VITAL-DKD has completed follow-up biosample and data collection. Laboratory
analyses and quality control are expected to continue through 2018, with results presented in
2019.
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Invited to participate

N = 3,244
Consented to participate
N = 1,750 (54%)

Did not enroll in parent VITAL
trial, N = 267
Did not qualify (invalid consent,
missing data, opted out), N = 157

Enrolled

N=1,326 (41%)

Figure 1.
Enrollment in the VITAL-DKD trial.

Contemp Clin Trials. Author manuscript; available in PMC 2019 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

de Boer et al.

Frequency

Frequency
100

300 400

200

100

150 200 250

50

Page 14
_ . _
= —
i s <
Q
_ >3
=k -
w
il S
) — o | _’j—\_
0.5 1.0 15 20 25 0.5 1.0 15 2.0 2.5
Serum creatinine (mg/dL) Serum cystatin C (mg/L)
. S .
- <
- =)
. > 87
=
B T o _
D —
i ES1IHL
(=]
= ‘C_> r
_ b
I ! | I I | I | I
50 100 150 1 3 10 30 300 3000
Estimated GFR (mL/min/1.73m") Urine ACR (mg/g)
Figure 2.

Baseline distributions of serum creatinine, serum cystatin C, estimated glomerular filtration
rate (GFR), and urine albumin excretion at baseline in the VITAL-DKD trial. Estimated
GFR is calculated from serum creatinine, serum cystatin C, age, sex, and race.
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Figure 3. Quality control in the VITAL-DKD trial.
Left panels show serum concentrations of creatinine (top left panel) or cystatin C (bottom

left panel) measured from multiple aliquots of 20 quality control samples spanning the time
over which VITAL-DKD samples obtained at baseline or year 2 were measured. Each
quality control sample is indicated with a distinct color and shape of data point. Right panels
show serum concentrations of creatinine (top right panel) or cystatin C (bottom right panel)
of the same 20 quality control samples measured on day 1 and day 7, along with the line of
identity. Results show absence of shift or drift over the time period of measurement.
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Eligibility criteria for the Vitamin D and Omega-3 Trial to Prevent and Treat Diabetic Kidney Disease

(VITAL-DKD)

Table 1.

Inclusion criteria

Age = 50 years (men), = 55 years (women) (P)

Self-reported physician diagnosis of diabetes (DKD)

Blood and urine samples returned during placebo run-in (DKD)

Exclusion criteria

Prevalent cardiovascular disease or cancer (except non-melanoma skin cancer) (P)
Dialysis (P) or kidney transplant (DKD)

Hypercalcemia, hypo- or hyper-parathyroidism (P)

Severe liver disease (cirrhosis) or granulomatous disease (P)

Diagnosis of diabetes only during pregnancy (DKD)

Diabetes diagnosis prior to age 30 & first treated with insulin (DKD)

(P) = parent VITAL trial criterion; (DKD) = criterion specific to VITALDKD
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Page 17

Baseline clinical characteristics of participants in the VITAL trial and the subset of VITAL participants who

enrolled in the VITAL-DKD trial

All enrolled VITAL
participants (N=25,871)

All enrolled VITAL
participantswith diabetes

Participantsenrolled in
VITAL-DKD (N=1,326)

Baseline Characteristic (N=3,402)

Demographics

Mean age (SD), years 66.6 (7.1) 66.6 (7.0) 67.6 (6.9)

Sex, % Female 13,079 (51) 1,760 (52) 615 (46)

Race/ethnicity, %
Non-Hispanic White 18,046 (71) 1,799 (54) 869 (67)
African American 5,106 (20) 1,163 (35) 278 (21)
Hispanic 1,013 (4) 195 (6) 76 (6)
Asian/Pacific Islander 388 (2) 76 (2) 35(3)
American Indian/Alaskan Native 228 (1) 35(1) 14 (1)
Other/unknown 523 (2) 72 (2) 28 (2)

Greater than high school education, % 22,514 (87) 2,705 (80) 1,112 (84)

Medical history and lifestyle

Diabetes, %f 3,402 (13) 3,402 (100) 1,326 (100)

Smoking, % 1,836 (7) 308 (9) 79 (6)

Any alcohol use, % 17,443 (69) 1,715 (52) 702 (54)

Medication and supplement use

Antihypertensive medication, %° 13,167 (51) 2,752 (82) 1,056 (80)

Cholesterol-lowering medication, % 9,524 (37) 2,148 (65) 918 (71)

Supplemental vitamin D (<800 1U/dayl), % 11,030 (43) 1,229 (36) 545 (41)

Supplemental calcium (1200 mg/dayX), % 6,831 (26) 744 (22) 319 (24)

Physical characteristics

Mean body mass index (SD), kg/m? 28.1(5.7) 32.0(6.9) 31.4(6.7)

For categorical variables, entries are the number of participants in category and percent of nonmissing responses. For continuous variables, columns
contain mean (standard deviation) for nonmissing responses. Prevalence of missing responses for all variables ranged from 0 to 2%.
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Additional baseline characteristics of participants in the VITAL-DKD trial

Table 3.

Participant characteristic

N (%) or mean (SD)

Duration of diabetes

<1 year 42 (3%)

1-2 years 177 (13%)
3-5 years 290 (22%)
6-10 years 360 (27%)
11-20 years 315 (24%)
> 20 years 138 (10%)

Glucose-lowering medications

Biguanides 889 (67%)
Sulfonylureas 393 (30%)
Thiazolidenediones 124 (9%)
DPP-4 inhibitors 115 (9%)
GLP1 receptor agonists 48 (4%)
Meglitinides 17 (1%)
Alpha-glucosidase inhibitors 7 (1%)
Insulin 271 (20%)
Antihypertensive medications
ACE inhibitors 573 (43%)
Angiotensin 11 receptor blockers 262 (20%)
Diuretics 365 (28%)
Calcium channel blockers 276 (21%)
Beta blockers 295 (22%)
Mineralocorticoid receptor antagonists 9 (1%)

Number of antihypertensive medication classes

0 312 (24%)
1 478 (36%)
2 306 (23%)
3 161 (12%)
>4 69 (5%)
Laboratory values
Serum creatinine (mg/dL) 0.9 (0.3)
Serum cystatin C (mg/L) 0.9 (0.3)
Estimated GFR (mL/min/1.73m?)
Using creatinine 84.8 (19.5)
Using serum cystatin C 87.6 (23.0)
Using creatinine and cystatin C 88.0 (22.1)

Estimated GFR category*
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Participant characteristic

N (%) or mean (SD)

260 mL/min/1.73m?2

1170 (89%)

45-<60 mL/min/1.73m? 110 (8%)

30-<45 mL/min/1.73m2 35 (3%)

<30 mL/min/1.73m? 6 (<1%)
Urine ACR category*

<30 mg/g 1207 (91%)

30-<300 mg/g 94 (7%)

>300 mg/g 24 (2%)
Serum calcium (mg/dL) 8.5(0.7)
Serum phosphorus (mg/dL) 3.7(15)
Serum albumin (g/dL) 4.0 (0.5)

Page 19

For categorical variables, entries are the number of participants in category and percent of nonmissing responses. For continuous variables, columns
contain mean (standard deviation) for nonmissing responses.
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