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Abstract. Dietary supplements are wide-
ly used for their perceived health benefits
without side effects and hence have mini-
mal regulation. However, they have been
associated with various toxicities including
kidney disease. We report a 65-year-old male
who had very heavy daily intake of dietary
supplements for 3 years. He presented with
acute kidney injury and nephrotic-range
proteinuria. The renal biopsy showed acute
tubular necrosis with vacuolization, acute
interstitial nephritis, and secondary membra-
nous nephropathy, consistent with an non-
steroidal anti-inflammatory drug (NSAID)-
like nephropathy. This was postulated to be
related to the cyclooxygenase (COX) in-
hibitors (anthocyanins) in cherry extract that
was a significant part of the patient’s dietary
supplement use. His proteinuria completely
resolved and serum creatinine stabilized af-
ter discontinuation of all dietary supplements
and a prolonged (5 months) course of pred-
nisone. Clinicians are advised to specifically
inquire about dietary supplements, especial-
ly cherry extract, as a potential cause of new-
onset renal failure and proteinuria.

Introduction

Complementary and alternative medicine
(CAM) is widely practiced all over the world
[1]. “Nutraceuticals” constitute a multi-
billion dollar industry, and include a range
of products composed of isolated nutrients,
dietary supplements, herbal products, spe-
cific diets, functional foods, and processed
foods [2]. A dietary supplement is a form of
nutraceutical that contains nutrients derived
from food products that are concentrated in
liquid, gel, or capsule form. They are con-
sidered by the US Food and Drug Adminis-
tration (FDA) as a “food” and not as “phar-
maceutical drugs”, hence manufacturers do
not require FDA approval before marketing

[3]. The various label claims associated with
these products have a variable level of regu-
lation [4]. While dietary supplements are ad-
vertised and consumed with the promise of
providing significant health benefits without
side effects, evidence suggests minimal ben-
efits and potential harm to human health [5,
6, 7, 8]. In addition to damage to other or-
gans [9], a diverse range of nephrotoxicities
have been reported with dietary supplements
[10, I1]. Despite these safety concerns, a
significant number of patients do not report
dietary supplement use, and physicians often
do not inquire about them [12].

Case report

A 65-year-old white male with a history
of hypertension, borderline diabetes type
2, and hypothyroidism was referred for ne-
phrotic range proteinuria (16.6 g/day), ana-
sarca, and fatigue with normal serum cre-
atinine (SCr) (1.1 mg/dL), serum albumin
(SAlb), and thyroid function tests. Previous
labs on chart review showed a normal SCr
of 1.0 mg/dL 3 months ago. There were no
recent urine studies except a urine dipstick
negative for protein from 20 years ago. Re-
view of systems was otherwise negative, and
the urine sediment was bland. His medica-
tions included levothyroxine, amlodip-
ine, and chlorthalidone. He denied the use
of non-steroidal anti-inflammatory drugs
(NSAIDs) and herbs, but he did report taking
numerous over-the-counter (OTC) dietary
supplements for aging, joint pains, energy,
and sexual performance. He mentioned that
he started taking all the supplements 3 years
ago on the recommendation of his chiroprac-
tor (Table 1). A serologic workup for second-
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Table 1. List of Dietary supplements used by the patient.

Dietary
supplement

Active ingredients and potentially nephrotoxicity based
on published literature (check reference)

Nitric balance
(apex energetics)

ATP

» Xanthinol nicotinate

» N-acetyl L-carnitine

* Huperzine A

* a-GPC

» Vinpocetine

» Filtered water

» Vegetable glycerin

* Honey

» Evening primrose oil

» Xanthan gum

* Luo han guo fruit extract
* Gluconic acid

» Sodium citrate

» Cinnamon oil (potentially nephrotoxic [17])
» Natural flavor

» Potassium sorbate

» Stevia extract

« Citric acid

Clinical nutrients
for men
(integrative
therapeutics)

* Dietary fiber
» Vitamin A (potentially nephrotoxic [18])
» Vitamin C
» Vitamin D (potentially nephrotoxic [18])
» Vitamin E (potentially nephrotoxic [18])
» Vitamin K
* Thiamin
* Riboflavin
* Niacin
* Vitamin Bg
» Folic acid (potentially nephrotoxic [19])
» Vitamin B,
» Biotin
» Pantothenic acid
» Calcium (potentially nephrotoxic [20])
* lodine (potentially nephrotoxic [21])
* Magnesium
* Zinc
» Selenium
» Copper (potentially nephrotoxic [22])
* Manganese
» Molybdenum (potentially nephrotoxic [23])
* Sodium
» Potassium
» Choline bitartrate
» Cinnamon bark extract
» Proprietary blend:
— Sweet cherry fruit (potentially nephrotoxic [14])
— Green tea leaf extract
— Grape seed extract
— Pomegranate fruit extract
— Giant knotweed root
— Rhizome extract (potentially nephrotoxic [24])
» Ginger (Zingiber officinale) rhizome extract
» Vegetable blend: broccoli, cabbage, carrot, collard greens,
radish sprouts, tomato, mustard greens, kale, spinach
* Inositol
* Maca (Lepidium meyenii) root extract
» Asian (Panax ginseng) ginseng root extract
« Bilberry (Vaccinium myrtillus) fruit extract
» Boron (as sodium borate)
» Lycopene
* Lutein
» Vanadium (potentially nephrotoxic [25])
» Zeaxanthin

ary causes of glomerulonephritis (GN) was
negative. Benazepril and simvastatin were
added to his medication regimen. He was ad-
vised to stop all OTC supplements but was
lost to follow-up.

He returned 7 months later when his SCr
had increased to 2.3 gm/dL with persistent
proteinuria. His SAlb was down to 2.2 g/dL;
his urine now evidenced white cells, epitheli-
al cells, and granular casts. He had continued
to take the items listed in Table 1 but denied
other agents. He was again advised to stop
all nonprescription drugs and after exten-
sive counselling, he agreed. A repeat workup
for secondary causes of GN was negative.
The proteinuria and azotemia continued for
2 weeks off the supplements at which point a
renal biopsy was performed.

The renal biopsy showed severe acute
tubular necrosis (ATN) with prominent
vacuoles in the tubular cell cytoplasm and
extensive lymphocytic infiltrates with oc-
casional eosinophils and tubulitis consis-
tent with acute interstitial nephritis (AIN)
(Figure 1A, B). There was chronic inflam-
mation and significant scarring with 40%
tubulointerstitial fibrosis. The immunofiuo-
rescence (IF) showed linear IgG staining
(Figure 1C), and electron microscopy (EM)
showed subepithelial and mesangial immune
complex deposits (Figure 1D), consistent
with secondary membranous nephropathy
(MN). While AIN and vacuolar ATN could
have been due to many of the dietary supple-
ments (Table 1), the association of AIN with
nephrotic range proteinuria is classically re-
ported with NSAIDs [13]. Hence, our provi-
sional diagnosis was renal damage from the
cherry extract, a significant component of the
supplements, which has NSAID-like proper-
ties [14, 15].

First-line treatment for nephrotoxic re-
nal disease is discontinuation of the offend-
ing agent, but high-dose steroids have been
reported to be beneficial in cyclooxygenase
(COX) inhibitor-related proteinuric AIN
[16]. In light of the persistent azotemia and
proteinuria 3 weeks after supplement dis-
continuation, immunosuppressive therapy
(prednisone 1.0 mg/kg/day) was initiated.
After 5 weeks, SCr declined to 1.6 mg/dL
with reduced but still nephrotic range pro-
teinuria (spot urine protein/creatinine ratio
(UPCR)=17.8 g/g) and abland urine sediment.
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Table 1. Continuation.

Dietary
supplement

Active ingredients and potentially nephrotoxicity based
on published literature (check reference)

Detox antiox
(designs for
health)

Vitamin C

Vitamin E

Biotin

Zinc

Selenium
Manganese
Molybdenum (potentially nephrotoxic [23])
N-acetyl cysteine
Leucine

a lipoic acid

Green tea
Turmeric extract
Grape seed extract

He remained asymptomatic during a gradual
steroid taper with a stable SCr and declining
proteinuria (UPCR = 1.4 g/g). Two weeks
after stopping prednisone, however, edema,
nephrotic proteinuria (UPCR = 4.6 g/g), and
azotemia SCr 2.6 mg/dL) recurred. He de-
nied new medications, including previous
OTC drugs. Urine sediment again showed
granular casts with occasional epithelial
cells. A repeat renal biopsy showed similar
(although less “active”) findings to the first
biopsy. Since COX inhibitor-related AIN has
been reported to sometimes require a pro-

C

longed steroid course [16], the patient was
treated with 1.0 mg/kg daily prednisone for
another 10 weeks. His SCr remained stable
at 2.1 — 2.3 mg/dL and proteinuria remitted
(UPCR = 0.03 g/g). Overall, he received a
total of 5 months of steroid therapy.

Now after 3 years off prednisone (and the
OTC supplements) and with continued treat-
ment with statins, ACE inhibitors, and strict
blood pressure control, his proteinuria re-
mains low grade (UPCR < 50 mg/g) and SCr
remains stable in the 2.2 — 2.5 mg/dL range.

Discussion

Dietary supplements are very widely
used by the public for perceived health ben-
efits but some of them have been associated
with kidney disease [10, 11]. Here we report
a patient with nephrotoxic ATN and AIN
with severe proteinuria (secondary MN) after
many years of heavy consumption of dictary
supplements, which resolved after prolonged
cessation of the supplements and 5 months of
high-dose steroid therapy.

The patient’s clinical course is strongly
suggestive of a toxic injury caused by the
OTC supplements he was taking. A detailed

Figure 1. A: Acute interstitial nephritis (H & E, 100x). B: abnormal tubular cytoplasmic vacuoles (Tri-
chrome, 400x). C: IF: granular IgG staining along glomerular basement membranes. D: EM: numerous
sub epithelial and mesangial immune complex deposits (5,000x).
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study of the ingredients in each supplement
(Table 1) showed reported nephrotoxicity as-
sociated with the following compounds: cin-
namon oil [17], vitamins A, D, and E [18],
folic acid [19], calcium [20], iodine [21], cop-
per [22], molybdenum [23], sweet cherry fruit
[14], rhizome extract [24], and vanadium [25].
Of these, the highest proportional amount was
of “sweet cherry extract” (109 mg per serv-
ing), which is known to contain COX inhibi-
tors (anthocyanins) that are responsible for its
anti-inflammatory NSAID-like effects [15, 26].

The combination of AIN with nephrotic-
range proteinuria is highly suggestive of
COX inhibitor-related renal damage. Our
patient’s cumulative intake of cherry extract
was estimated at over 200 g over 3 years.
Given the known NSAID-like activity in
cherry extract [15], the typical pathologic
findings and finally the classical and clinical
course of the patient (complete resolution of
proteinuria and halt of further renal decline
after discontinuation of the agents and a pro-
longed steroid course), we believe the cherry
extract was most likely responsible for the
observed nephropathy.

Cherry extract is a commonly used di-
etary supplement for anti-oxidant and anti-
inflammatory purposes and is reported to
have no side effects [26, 27]. Hemodynamic
acute kidney injury (AKI) has been report-
ed in a patient consuming excessive cherry
concentrate [14] for gout. Recent studies
have shown that flavonoids and especially
anthocyanins, present in high concentra-
tions in cherry extract, inhibit both COX 1
and 2 at levels similar to that of conventional
NSAIDs [15, 28]. NSAIDs are well known
to be associated with ATN, AIN, nephrot-
ic syndrome, and chronic kidney disease
(CKD) [29]. As the pathogenesis of NSAID-
induced nephritis is believed to be due to
COX inhibition [13, 30], we think it likely
that cherry extract could produce a similar
clinical phenotype. Clinical data also sup-
port our belief that the nephropathy was due
to a COX-inhibitory effect. Our case fulfilled
all the criteria for NSAID-induced secondary
MN in a large retrospective study of patients
with early MN [31], including exclusion of
secondary causes of MN, onset of nephrotic
syndrome while on non-toxic NSAID doses,
and remission off the drug. Unlike other
drugs, the interstitial nephritis reported with

NSAIDs is often associated with nephrotic-
range proteinuria with a lesion consistent
with secondary MN [13, 32, 33], minimal
change disease [13, 33, 34], or focal sclerosis
[13]. Additionally, the classical picture of an
allergic reaction that includes fever, rash, and
eosinophilia is typically absent in NSAID-
associated nephritis as it was here, likely due
to the anti-inflammatory nature of the agent
[35]. We did not obtain IgG4 or phospho-
lipase A2 receptor (PLA2R) testing in our
patient. While a positive stain for [gG4 and
PLAZ2R is considered to be relatively specific
for primary/idiopathic MN, both stains were
reported to be present in NSAID-induced
secondary MN [36]. Hence, the presence or
absence of IgG4 or PLA2R staining would
not have necessarily aided in the diagnosis.

There is no consensus on the optimal
treatment of NSAID-induced nephritis. Ste-
roids have long been proposed for interstitial
nephritis in patients with no improvement
after the removal of the potential offending
agent [37, 38], although the optimal dose
and duration is not established. In NSAID-
induced nephritis, while most cases resolve
after discontinuation of the drug [39], treat-
ment with steroids is sometimes required
[16, 40]. In our patient, a lengthy steroid
course was required. Persistence of chronic
kidney disease despite resolution of protein-
uria after NSAID discontinuation has been
reported previously [41]. Among AIN in-
duced by drugs, NSAIDs are the most likely
to lead to permanent renal damage [42]. The
patient has been extensively educated that
he is likely to be predisposed to recurrent
nephropathy from dietary supplements with
subsequent exposures [43].

To our knowledge, this is the first re-
port of an extensive glomerular and tubu-
lointerstitial injury associated with dietary
supplements. Clinicians should be aware of
its possibility and potential management of
a NSAID-like nephrotoxicity likely from
cherry extract and should always ask patients
about their use of nutraceuticals and dietary
supplements. Most patients do not consider
these as medicines and will not mention
them unless specifically inquired. It is also
important for clinicians to report these cases
to increase awareness amongst healthcare
providers and the public [44].
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