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Enerji iceceklerine Bagli Akut Tubulointerstisyel Nefrit Vakalarinin Retrospektif Analizi ve Literatiir Taramasi

Amac: Akut tubulointerstisyel nefrit (aTIN), cocuklarda akut bobrek hasarinin nadir bir nedenidir. Enerji iceceklerinin bilingsiz
kullanimina bagh vakalarin goriilme sikhgi son yillarda artmistir. Bu calismada ATN tanisi alan tim hastalarimiz ile birlikte enerji
icecegine bagl aTIN’ li hastalari detayli olarak incelemeyi amagladik.

Yontem: Bu calismada cocuk nefroloji kliniginde izlenen akut tubulointerstisyel nefrit (aTIN) hastalarinin dosyalari geriye dontk olarak
tarandi.

Bulgular: Calismaya 32 hasta dahil edildi (K/E: 22/10). Ortalama yas 12 + 4,3 yil (9-17) idi. Etiyolojide en sik nedenler ilaglar (18; % 56,2),
enerji icecekleri (9; % 28,1) idi. En sik goriilen basvuru semptomlari kusma (%84,3), yorgunluk (% 68,7), hipertansiyon (% 56,2), karin agrisi
(%40,6), eklem agrisi (%34,3), ates (%31,2) idi. Etken madde alimi ile semptomlarin baslangici arasindaki ortalama stire 9 + 4,1 giind.
Sonug: Enerji icecegi kullaniminin son yillarda aTIN nedenleri arasinda yer almasi onemli bir saglik sorunudur. Akut bobrek hasari ile
baslayan ve KBH ile sonuglanan ciddi yan etki profili nedeniyle ozellikle gen¢ hastalarin anamnezinde mutlaka sorgulanmasi gereken
bir nedendir.

Anahtar Kelimeler: Akut Tubulointerstisyel Nefrit, Enerji icecegi, Prognoz

Retrospective Analysis and Literature Review of Acute Tubulointerstitial Nephritis Cases Linked to Energy Drinks

Objective: Acute tubulointerstitial nephritis (aTIN) is a rare cause of acute renal injury in children. The incidence of cases linked to
insensible use of energy drinks has increased in recent years. In this study, we aimed to examine patients with aTIN connected to energy
drink in detail in our own patients.

Methods: In this study, the files of patients with acute tubulointerstitial nephritis (@TIN in the pediatric nephrology clinic were
retrospectively screened.

Results: 32 patients were included in the study (F/M: 22/10). Mean age was 12+4.3 years (9-17). The most common causes in etiology
were drugs (18; 56.2%) and energy drinks (9; 28.1%). The most common attendance symptoms were vomiting (84.3%), fatigue (68.7%),
hypertension (56.2%), abdominal pain (40.6%), joint pain (34.3%), fever (31.2%). The mean duration from onset of symptoms to first
attendance at hospital was 3.8+2.1 days, with the mean duration between first intake of causative agent to onset of symptoms 9+4.1
days.

Conclusion: The inclusion of energy drink use among candidates for causes of aTIN in recent years is an important health problem. Due
to serious side effect profile beginning with acute kidney injury and resulting in CKD, it is a cause that should definitely be questioned
in the anamnesis of young patients especially.
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INTRODUCTION

Acute tubulointerstitial nephritis (@TIN) is a rare cause of
acute renal injury in the childhood period in the world in
general and may display geographical differences in frequen-
¢y (1,2). In Turkey, it is encountered as a common cause of
acute renal injury (3). With similar clinic and treatment to
acute tubular necrosis and with differentiation in pathologi-
cal diagnosis, both diseases are mostly mentioned under the
same heading. Diagnosis of these patients attending with
acute renal injury is generally placed with clinical findings,
and improvement is possible with symptomatic treatment.
As a result, it is among rarely encountered causes (1-3%) in
biopsy series (4,5,6). The most common causes are drugs, in-
fections and autoimmune diseases, while the incidence of
cases linked to insensible use of energy drinks has increased
in recent years (7). Though there are many studies research-
ing the effects of energy drinks on the kidneys, the number
of studies with large case series are very few. In this study,
we aimed to contribute to the literature by performing ret-
rospective analysis of 32 patients presenting our clinic due to
acute renal injury monitored for aTIN after other causes were
excluded and presenting data in detail for 9 cases developing
aTIN linked to energy drinks.

MATERIALS AND METHODS

In this study, the files of patients with acute tubulointer-
stitial nephritis (@TIN) between 2019 September and March
2021 in the pediatric nephrology clinic of Hatay State Hospi-
tal were retrospectively screened. Necessary ethic permission
was granted by Mustafa Kemal University ethics committee.
The study included a total of 32 patients after exclusion of
patients with comorbid glomerular disease, nephrotic syn-
drome, tubulopathy, and vasculitis diagnosis. Patients had
symptoms on attendance (fever, abdominal pain, vomiting,
blurred vision, arthralgia, skin rash, headache, hypertension),
sociodemographic characteristics (age, sex, educational sta-
tus, history of intermarriage between parents), clinical-lab-
oratory data (eosinophilia, creatinine, electrolytes, full urine
test, microalbumin/creatine levels in urine, eGFR levels, renal
biopsy results if present, whether steroid treatment was ad-
ministered or not) and final status recorded. The GFR value
was calculated according to the Schwartz formula. Eosino-
philia was accepted as above 5x10°%/L. Protein excretion above
4 mg/m?/day in 24-hour urine was assessed as proteinuria.
For those who could not have urine collected, spot urine
protein/creatinine ratio was assessed. Values above 0.5 mg/
mg for those under 2 years and above 0.2 mg/mg for those
older than 2 years was defined as proteinuria and microalbu-
minuria was defined as 30-300 mg/g. Acute tubulointerstitial
nephritis diagnosis was placed clinically. Renal biopsy was
performed for 2 patients attending due to acute renal injury
with no etiology found. Nine patients with history of energy

drink intake with various doses and frequencies within the
last 3 months before attendance were assessed in detail. Data
for all patients are presented retrospectively.

Table I: Sociodemographic-clinical features of
patients with aTIN diagnosis
Characteristics Value (n) %
Age (year+SD) 12+4.3(9-17)
Gender(female/male) 22/10(2.2)
Etiology (n) (%)
Drugs 18 56.2
Energy drinks 9 28.1
Idiopathic 3 93
TINU 2 6.2
Attendance symptoms (n) (%)
Vomiting 27 68.7
Fatigue 22 56.2
Hypertension 18 40.6
Abdominal pain 13 343
Arthralgia 1 31.2
Fever 10 93
Skin rash 3 3.1
Eye pain 1 3.1
Oliguria-Anuria 1 68.7
Eosinophilia (n)(%) 2 6.2
Proteinuria (n)(%) 3 40
Microalbuminuria (n)(%) 24 75
Urinary ultrasonography
Renal parenchymal disease(n)(%) 25 78.1
Increase in kidney size (n)(%) 19 59.3
Need for biopsy (n)(%) 3 93
Need for steroid(n)(%) 6 18.7
CKD (n)(%) 3 93
Acute hemodialysis(n)(%) 1 3.1
TINU:Tubulointerstitiel nephritis and uveit ,CKD:chronic kidney
disease

Statistical analysis

Statistical analysis used the IBM SPSS 20.0 (IBM Corp., Ar-
monk, NY, USA) program. Fit to normal distribution was as-
sessed with the Kolmogorov-Smirnov test. As normal distribu-
tion was not present, numeric variables are given as median
(251-75M percentile). Categoric variables are given as frequen-
cy (percentage). Differences between groups were determined
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with the Mann-Whitney U test as normal distribution was not
present. For tests of two-way hypotheses, p<0.05 was accept-
ed as sufficient for statistical significance.

Table 2. Laboratory findings of aTIN patients

Value Median Range
Glucose(mg/dl) 89 72-160
Na(mmol/1) 134 131-139
K(mmol/I) 48 3.5-7.2
Creatinine(mg/dl) 29 1.6-6.8

e GFR (ml/dk/1.73m?) 28 8-58

RESULTS

Among the 32 patients included in the study, the girl/boy
ratio was 22/10(2.2). Mean age was 12+4.3 years (9-17). The
mean age of the 9 patients with energy drink consumption
history was 15+2.3 years, with male patient ratio significantly
high (boy/girl: 7/2) (p<0.05). The most common causes in eti-
ology were drugs (18; 56.2%), energy drinks (9; 28.1%) and tu-
bulointerstitial nephritis and uveitis syndrome (TINU) (6.2%)
(Table 1). Three patients attended with unexplained acute
renal injury and received acute interstitial nephritis diagno-
sis with biopsy. Among medications, the most common cause
was nonsteroidal anti-inflammatory drugs (NSAID) taken for
analgesic purposes (66.6%). This was followed by antibiotics
(27.7%). One patient developed aTIN 2 weeks after beginning
a new antiepileptic. The mean duration from onset of symp-
toms to first attendance at hospital was 3.8+2.1 days, with
the mean duration between first intake of effective materi-
al to onset of symptoms 91+4.1 days. Repeated consumption
was noted in the group with energy drink intake history es-
pecially, this duration increased to 90 days for some patients.
The most common attendance symptoms were vomiting in
27 (84.3%), fatigue (68.7%), hypertension (56.2%), abdominal
pain (40.6%), joint pain (34.3%), fever (31.2%), skin rash (9.3%),
and eye pain (3.1%). Mean creatinine at time of attendance
was 2.9 mg/Dl (1.6-6.8), while eGFR was 28 mL/min/1.73m?
(8-58) (Table 2). One patient with vomiting, reduced urine
amount and swelling of the eyes at attendance had history
of 1-2 energy drinks per day for the last 3 months did not re-
spond to symptomatic treatment and was taken for emergen-
cy hemodialysis. With no underlying comorbid disease, this
patient is still monitored for stage 3 chronic kidney disease
(CKD). Five patients with no response to symptomatic treat-
ment and refractive proteinuria were administered 1-2 mg/
kg/day dose of steroid treatment for 1 month. In 3 of these
patients, creatinine values returned to normal after steroids,
while 2 patients developed CKD. Of the 6 patients adminis-
tered steroid treatment, 5 had aTIN due to energy drinks,
while 1 patient had antibiotic use after tonsillitis. In total 3

patients developed CKD. In 2 of the 3 patients the etiology was
energy drinks. Of the 2 patients with TINU diagnosis, 1 had
high creatinine identified when tested in the eye clinic due
to uveitis and was referred to the pediatric nephrology clinic.
The other patient had uveitis identified on eye examination
performed due to eye pain during attendance. Both patients
were girls and renal functions returned to normal with symp-
tomatic treatment while they received local steroid treatment
for uveitis. All 18 patients with hypertension at time of diag-
nosis had proteinuria. Of these patients, 13 began antihyper-
tensive treatment, while 5 patients had hypertension return
to normal with symptomatic treatment (Table 3).

Table 3. Features of patients with aTIN linked to
energy drink consumption

Patient 1 2 34 5 6, 7 8 9
Gender MM M MMM M| F|F
Age B 14 1716 16 15 15 15| 14

At the time of attendance
Creatinine(mg/dl) | 43 68 21 18 39 41 26 32 16
GFR (ml/

1631 8 |36 396|174 176|263 20 407
dk/1.73m?
Glucose(m/dl) 15 154 98 102 160 | 107 98 128 112
K(mmol/I)
Na(mmol/I) 50072 144 46162 4749 51 43

Hypertension 134 130 | 138 | 141 | 145 134 139 | 149 | 136

Proteinuria T T
Eosinophilia +l+ |+ -]+ |+ .
GFR (ml/ N X .
dk/1.73m?

First intake time to
onset of symptoms = 12 1 90 6 4 45 30 M 10 7

(days)

Need for steroid A R T T
Acute dialysis -+

Last visit CKD SO D T I
(KD:chronic kidney disease

Detailed sociodemographic and clinical investigation for
the total of 9 patients with energy drink intake history is giv-
en in Table 3. Contrary to the other aTIN patients, the male
sex was dominant in these nine patients (M:F: 7/2) (P<0.05).
Mean age was significantly higher compared to other aTIN
patients (15%2.3 years) (p<0.05). A |l patients were second-
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ary education-high school students. The duration between
energy drink intake and attendance varied from 1 week to
3 months. One patient requiring acute dialysis had continu-
ous consumption history of 1 drink/day for the last 3 months.
With no amelioration of clinical-laboratory values with symp-
tomatic treatment, acute hemodialysis began. After dialysis,
follow-up for stage 3 CKD continues in the clinic. Patients
with energy drink intake duration of >1 week had significant-
ly high degrees of glucose elevation, hypertension and pro-
teinuria on attendance (p<0.05). Two patients progressing to
CKD had lower eGFR values at attendance compared to oth-
ers. The reason for drinking energy drinks was to provide en-
ergy support during sports (44.4%), to stay awake during exam
periods (33.3%) and curiosity (22.2%). Apart from 1 female
patient attending with severe vomiting and fatigue 1 week
after drinking an energy drink once, all patients had repeated
consumption history. The blood glucose levels at attendance
were higher in the group with energy drink intake (mean 121
mg/dl). When examined in terms of final examinations, 1 of
the 9 patients has stage 3 CKD, and 1 has stage 2 CKD and
are monitored under antihypertensive-antiproteinuric treat-
ment. Of the 5 patients administered steroid treatment, 3
have normal GFR but continue on antiproteinuric treatment,
while 2 have completed medical treatment and are followed
without incident. The 4 patients improving with symptomatic
treatment continue clinical follow-up without incident.

In this study we presented outcomes of 32 patients mon-
itored for aTIN diagnosis. Accordingly, patients included in
the study were mainly girls, at rates similar to the literature
(1,3,4). For patients linked to energy drinks, the male sex was
significantly higher (M/F: 7/2). Mean age was 12+4.3 years
(9-17) in the general patient group, while it was significantly
higher in the aTIN cases linked to energy drinks. We can asso-
ciate this result with the common use of energy drinks among
adolescents. When examined in terms of aTIN causes, first
place was medications (56.2%) followed by energy drinks (9%),
different to the literature (8,9). None of our patients with aTIN
diagnosis linked to energy drinks had additional medication
use or other comorbid disease. The most common symptoms
at attendance were vomiting and fatigue similar to the liter-
ature (10,11). The number of patients with hypertension was
much higher than the literature (10,11). Among the 18 hyper-
tensive patients, 6 had history of energy drink intake. Many
studies have shown that energy drinks have side effects in
terms of increasing heart rate and especially diastolic blood
pressure (12,13). Though this effect is associated with caffeine
in the content (80 mg in 240 mL), these are similar amounts
to 1 cup of coffee daily(14). As a result, we cannot hold only
caffeine responsible for side effects of these drinks on the kid-
ney. Studies have shown that the basic performance-increas-
ing and alertness-inducing effects of these drinks, with in-

creased stimulant effect due to taurine, glucose, ginseng and
gingko biloba and B vitamin complexes in the content, come
from caffeine (15). Similarly, use due to assisting weight loss
linked to the thermogenic effects of caffeine is very common.
In this study, of the 9 patients using energy drinks, 4 used
it for energy support during sport and to assist weight loss,
while 3 stated they used them to stay awake during exam
periods. The easy access to these drinks among young peo-
ple especially increases their exposure to health risks. Though
there are many studies about these drinks in Turkey, when
the literature is examined there is a very broad increasing
side effect spectrum with long-term and recurrent use, espe-
cially. The most common of these are palpitations, feeling of
being drunk, and increases in diastolic blood pressure and
heart rate (16,17). The incidence of these side effects increas-
es especially when taken with alcohol and may cause mortal
health problems in the young population with highest levels
of curiosity about alcohol (18). Though the 9 patients par-
ticipating in this study had used these drinks alone without
alcohol consumption history, they still were shown to cause
permanent health problems. Though rare, a serious encepha-
lopathy tableau linked to taurine is among side effects linked
to these drinks (19). Many studies have proven that all these
side effects are dose dependent (16,18,20). In our 2 patients
developing CKD linked to energy drinks, intake durations
were 2 months and 3 months respectively, which proves this
data. Similarly, the eGFR values of these two patients were
lower at admission compared to other patients. During ad-
mission of a female patient developing aTIN after drinking
one can of energy drink, eGFR value was higher, the clinic
progressed more mildly and she improved without incident.
Though the low number of patients prevents generalization
of data, we think it is significant in terms of contributing to
the literature and providing ideas. There is a need for studies
to be performed with higher patient numbers. The number
of studies investigating the correlation of energy drinks with
aTIN is so low as to be nonexistent. With increasing incidence
in recent years and causing permanent kidney damage as
seen in our patient outcomes, the need to limit the use of
these drinks and to perform studies to increase awareness is
obvious.

The glucose levelsin ouraTIN cases linked to energy drinks
were higher on admission compared to other patients (mean
121 mg/dl). For patients developing aTIN linked to other
causes, this value was significantly lower (mean glucose: 89).
Glucose values were higher for patients with intake duration
>1 month and in the 2 patients developing CKD on admis-
sion (154 mg/dl and 160 mg/dl). This leads to consideration
that the effects of sweeteners included in the ingredients on
insulin metabolism should not be ignored (12,14). None of
the patients in our group were obese, though it should be
remembered that obesity may cause high glucose values (21)
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Similarly, steroid requirements, proteinuria and hyper-
tension were more frequently observed clinical tableau on
admission for patients with longer duration of intake. This
supports the increase in the incidence of side effects in a
dose-dependent manner (16,17,19).

In this study, we presented the general characteristics of
our aTIN patients, observed with increasing frequency in the
last 1 year. As 9 of our aTIN patients had energy drink intake
history, we examined these patients from different aspects
and investigated sociodemographic and clinical outcomes.
Though performed with a limited number of patients, we
think this will be significant to provide an idea for future
studies.

In conclusion, the inclusion of energy drink use among
candidates for causes of aTIN in recent years is an important
health problem. Due to serious side effect profile beginning
with acute kidney injury and resulting in CKD, it is a cause
that should definitely be questioned in the anamnesis of
young patients especially. The increasing use of energy drinks
among young people especially and control of accessibility
should be the most important duty of the state. Educating
young people about this and increasing social awareness in
terms of side effects of these drinks carries great importance.
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