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Abstract

Introduction and Aims: Medical problems occur at high altitude. The classical physiological responses to high
altitude include hyperventilation, polycythemia and hypoxiemia. Type 1 diabetes (T1D) can participate in extreme
altitude mountaineering. The prevalence of acute kidney injury (AKI) at high altitude is not known. We studied the
renal function, by urinary Neutrophil gelatinase-associated lipocalin (UNGAL) in high altitude, as a promising
biomarker for early detection of AKI.

Methods: The 2012 ADIQ Expedition team included 4 male Caucasians participants (prt): two with T1D and two
non-diabetics. Urine Glucose, Protein, Urobilinogen, pH, Specific Gravity, Blood, Ketones, Nitrite and Leucocytes
were determinated on-site by Aution Sticks. The uCreatinine and uUrea were measured by F360 analyzer. uNGAL
concentration was measured by the ARCHITECT urine NGAL assay. Microalbumin concentration was obtained by
Beckman Image. Urine Total Protein measured by Dimension Vista analyser. The data has been normalized for
urinary creatinine.

Results: All expedition prt collected the urine samples (5000, 5600 m). The urinary qualitative results by dipstick
evaluation showed normal values in all cases. The values of glycaemia in T1D prt were high after arrival at base-
camp (without presence of ketones). The uNGAL concentrations and uNGAL/uCrea ratios were also lower than 132
ng/ml (cut-off of uNGAL) in all participants.

Conclusions: All the prt had normal uNGAL during the time of expedition, suggesting normal renal activity also
confirmed by the analysis of the other parameters. The renal function in T1D prt was preserved despite the
abnormal metabolic state represented by hyperglycemia. In this type of activity, level of training is especially
important.

altitude cerebral edema (HACE), which afflicts the brain, and high
altitude pulmonary edema (HAPE), which afflicts the lungs. They are
induced by the hypoxic stress of high altitude and are characterized by
extravascular fluid accumulation in the brain (AMS and HACE) and
lungs (HAPE). AMS is clinically diagnosed based upon the appearance
of typical symptoms in a person who lives at low altitude, but has
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Background

Medical problems can occur at high altitude because of the low
inspired which in turn is caused by the reduced barometric pressure.
The classical physiological responses to high altitude include
hyperventilation, polycythemia and hypoxemia [1]. High altitude
illness (HAI) is the collective term for the unique cerebral and
pulmonary syndromes that can occur following an initial ascent to
high altitude or following a further ascent while already at high
altitude. HAI includes acute mountain sickness (AMS) and high

recently ascended to high altitude (generally over 2000 m). It is the
most common form of high altitude illness and may occur following
rapid ascent [2].

The kidneys play a crucial role in acclimatization and in AMS
syndromes through their roles in regulating body fluids, electrolytes
and acid-base homeostasis.

Extreme altitude mountaineering, which is defined as climbing to
altitudes greater than 5000 m, can create physiological demands,
especially in type 1 diabetes (T1D) subjects. It is possible that these
subjects might experience impaired pulmonary function [3]. As
described by literature, type 1 diabetics can participate in extreme
altitude mountaineering. However there are significant risks associated
with such activity, including hypoglycemia, ketoacidosis, retinal
haemorrhage [4] and proteinuria [5], with the additional difficulties in
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assessing glycemic control due to meter inaccuracy at high altitude [6].
The prevalence of acute kidney injury (AKI) at high altitude is
presently unknown, especially in T1D subjects.

Neutrophil Gelatinase-Associated Lipocalin (NGAL) is an iron-
transporting protein and it is produced and secreted by kidney tubule
cells at low levels, but the amount produced and secreted into the
urine and serum increases dramatically after ischemic, septic, or
nephrotoxic injury of the kidneys. It is also upregulated in the lung
during inflammation. NGAL rises rapidly in the nephron in response
to a renal insult following Acute Kidney Injury (AKI) well before
creatinine has risen. It has been put forward as an early, sensitive, and
non-invasive biomarker for AKI. NGAL is also know to rise in
conditions associated with oxidative stress, and oxidative stress has
been implicated in AMS [7,8]. We decided to study the renal function,
by urinary NGAL (uNGAL) -a promising biomarker for early
detection of AKI- at high altitudes. The uNGAL seems to be more
specific than plasma NGAL in assessing early kidney injury. Mishra et
al. demonstrated that plasma NGAL had a good but lower
performance than uNGAL for the diagnosis of AKI [9].

Methods

The 2012 Alpinisti Diabetici in Quota (ADIQ) Expedition team
included 4 male Caucasians individuals: two with type 1 diabetes
(T1D) [participants (prt) 1 e 2] and two non-diabetic [prt 3 and 4]. Prt
1- 35 years (yrs) and 4 yrs of T1D; Prt 2 - 42 yrs and 33yrs of T1D; Prt
3 - 55yrs; Prt 4 - 56 yrs.

The four volunteers took part to the ADIQ expedition, and they
were subjected to medical checks either before or after, according to
behavioural regulations of such a kind of mountaineering expeditions.
All volunteers collected their urinary samples and they gave them to
our Laboratory, after having signed the informed consent. Because of
that, it was not necessary to involve the Ethical Committee but all
participants were informed about the responsibility that such an
activity would require.

All expedition participants did not have kidney problems (the
estimated glomerular filtration rate >90 ml/min/ 1,73m?). The
glomerular filtration rate before and after the expedition was estimate
by the CKD-EPI equation [10].

The type 1 diabetic subjects were free of long-term diabetes
complications and they had good metabolic control before the
expedition (HbA1c<7.5%).

All expedition participants collected urine samples every day after
their arrival at the base-camp (5000 m). The subjects with T1D
regulated glycaemia (CONTOUR ° LINK, Bayer) every two hours
(6-10 glycemic controls per day) to adjust the insulin treatment. The
urine samples were maintained at -20°C in special containers for
cryopreservation (NALGENE™) and all the measurements were done
in the same time, minimizing the laboratory variability to increase the
inter assay precision.

The 2012 ADIQ Expedition to reach the summit of Sisha Pangma
(8027 m) took place from 8 April to 11 May 2012 and was
characterized by some intermediate stages: Kathmandu (1485 m),
trekking to reach Base Camp, Base Camp (5000 m), Advanced Base
Camp (5600 m), Camp 1 (6400 m) and Camp 2 (6800 m). Shisha
Pangma, belonging to the Himalaya chain, is located in south-central
Tibet, five kilometers from the border with Nepal and it is the
fourteenth-highest mountain in the world.

Urine Glucose, Protein, Urobilinogen, pH, Specific Gravity, Blood,
Ketones, Nitrite and Leucocytes were determinated on-site by using
urine dipsticks and visual interpretation (Aution Sticks, A. Menarini
diagnostics). Blood pressure (BP, systolic and diastolic) was
determined by measuring device (Laica BM 1001); heart rate (HR) and
SO, were determined on-site by an oximeter (MIR, Spirotel).

In addition after return from the expedition we completed the
measurements in laboratory. The uCreatinine and uUrea were
measured by enzymatic method and urease kinetic respectively by
F360 analyzer (Menarini diagnostic). uNGAL concentration was
measured by the ARCHITECT urine NGAL assay (Abbott
Laboratories). The cut-off of urinary NGAL is 132 ng/ml [11,12].
Microalbumin concentration (MA; standard reference range: 0.2-4
mg/dL) was obtained by nephelometric method (Beckman Image). To
confirm the data of protein measured in loco by the Aution stick, we
measured urine total protein (uTP); standard reference range: 0-11.9
mg/dL) by pyrogallol red colorimetric method by Dimension Vista
analyzer (SIEMENS) and the data has been normalized for urinary
creatinine (uTP/uCrea;). Also, the uNGAL data has been normalized
for urinary creatinine (uUNGAL/uCrea).

AMS score was recorded during base camp period according to the
Lake Louise Score (LLS); the participants filled out the questionnaire
on their own [13]. The LLS allocates a score of 0 to 3 (symptom not
present to severe) for symptoms of AMS (fatigue/weakness, dizzy/
light-headedness, and difficulty sleeping). A score of 3 or more in the
presence of headache is consistent with AMS, a score of 6 or more with
severe AMS.

Results

The main heights reached from the participants of 2012 ADIQ
Expedition in the attempt to reach the summit of SishaPangma (8027
m) from 8 April to 11 May 2012 were 5000 m, 5600 m, 6400 m and
7000 m. Due to the adverse weather conditions the 4 climbers males
were not able to reach the summit, despite numerous attempts
(temperature, wind, snow).

The values of glycaemia in T1D participants were high after arrival
at base-camp (without presence of ketones).

All expedition participants collected the urine samples at 5000 m
and at 5600 m. The urinary volume in all participants was normal. The
urinary qualitative results by dipstick evaluation showed normal values
(Urobilinogen, pH, Specific Gravity, Blood, Ketones, Nitrite and
Leucocytes) in all cases.

The urinary protein results obtained by dipstick evaluation and uTP
laboratory measurement in all participants showed sign of no
significant proteinuria (lower than 30 mg/dl) only during the attempt
to rich the summit. In any case all values of uTP/uCrea, and MA/
uCrea were normal (lower than their cut-off) in all participants over
the time of the expedition.

The uNGAL concentrations and uNGAL/uCrea ratios were also
lower than 132 ng/ml (cut-off) in all participants. According to their
LLS at base camp altitude (5000 m): Pt 1 and 3 showed severe AMS
(LLS score 6 or more), while Pt 2 and Pt 4 did not show AMS (LLS of 0
to 3).

The trend of uNGAL/uCrea for all the participants is showed in
Figure 1; the profiles of BP, HR, SO,, proteinuria and uNGAL/uCrea
for each participant over time and altitude are outlined in Figure 2 to
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5. In particular, participant 1 showed worse trend of SO, (lower than
80%) compare with the other participants to the expedition.
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Figure 1: Trend of uNGAL/uCrea (y) by participant (different
colour), time (x) and altitude
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Figure 2: Profile of BP, HR, proteinuria, and uNGAL/uCrea
(different colour) by time (x) and altitude for participant 1
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Figure 3: Profile of BP, HR, proteinuria, and uNGAL/uCrea
(different colour) by time (x) and altitude for participant 2
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Figure 4: Profile of BP, HR, proteinuria, and uNGAL/uCrea
(different colour) by time (x) and altitude for participant 3

Discussion

This is the first study investigating a urinary marker to evaluate the
kidney damage in high altitude in T1D subjects. Recently several
reports showed controversial results about the tubular markers,

including uNGAL, and the kidney disease progression in diabetic
patients. The study from TID indicated that urine NGAL level
correlated with albumin/creatinine. TID patients with higher
albuminuria had higher uNGAL levels, which suggested that elevated
uNGAL values might indicate kidney damage [14].

Participant 4

Lo Ll [
IR

AN

Attda(m)  —— Slond Praseura (nmtlg) == HoartRaln(opm) = SO2(%) == WNGALACrest (ging)

Figure 5: Profile of BP, HR, proteinuria, and uNGAL/uCrea
(different colour) by time (x) and altitude for participant 4

In our study all participants showed a normal uNGAL/uCrea level
during the time of the expedition, suggesting normal tubular renal
activity. Moreover the absence of any significant proteinuria suggests a
normal metabolic response at the high altitudes without evidence of
glomerular damage.

The participant 1 showed worts trend of SO, (lower than 80%)
compare with the other participants to the expedition, but the renal
function was preserved despite the hyperglycaemia and hypoxia that
usually play a critical role in the patogenesis of both AKI and CKD
[15]. Probably, the hypoxia of participants 1 was due to
hyperventilation (described into the questionnaire of LLS score) and
difficult adaptation at high altitude.

The renal function in T1D participants was preserved despite the
hyperglycaemia. In added none of the T1D subjects developed fresh
retinal haemorrhages. Consistent with the changes observed in normal
individuals, two of the major expeditions involving individuals with
type 1 diabetes also report decreased glycaemic control, despite careful
monitoring and appropriate changes in insulin dosing [16,17].

The training level is particularly important in this type of activity
but despite that, the climbers could also present problems due to
environmental local conditions.

At very high altitude each individual is at risk for developing AMS,
which, in its early stages, is characterized by headache, depressed
appetite, gastrointestinal symptoms, fatigue and sleeping problems.
AMS is accompanied by an increased sympathetic activity and an
increase in plasma catecholamines concentration that could result in a
deterioration of the glycemic control. It is difficult to predict the
individual insulin requirements and the glucose profiles in response to
exercise at very high altitude in subjects with type 1 diabetes. In
addition, AMS may deteriorate glycemic control. These factors could
therefore compromise safe trekking at very high altitude.

AMS score was self- recorded during base camp period by each of
the participants, according to the Lake Louise Score questionnaire. A
diagnosis of AMS is based on the presence of headache, at least one
other symptom, and the total score of 24.

Despite the presence of AMS in two subjects, the absence of AKI
(by urinary markers results) suggests that the AMS and uNGAL may
not be related. In any case, our results showed the absence of AKI
during whole expedition.
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This study has some limitations. The poor number of the
participants and the inability of collection of blood sample. It’s not
common that type 1 diabetics participate at the extreme
mountaineering activity. However, our T1D participants are free from
complications. Furthermore, at extreme altitude, highly motivated
trekkers with type 1 diabetes but free from long-term complications
present metabolic and cardiovascular parameters comparable with
those of control subjects despite a worsening in metabolic control.
This type of physical activity must be accompanied by careful glucose
monitoring [17].

All our T1D participants regulated their own glucose levels and, in
principle, determined their own insulin doses. Daily glucose levels
were recorded using a handheld blood glucometers as usually. There
were no problems with glucometers, the devices were protected with
appropriate bags and carried next to the skin. Not rarely might happen
that the insulin freezes because of the low temperatures. The collection
of blood samples and the NGAL measurement on site in high altitude
(>5000 m) was not possible, due to local conditions (altitude,
temperature, sampling, handling and storage) and to the non-
availability of an assigned and qualified person. Moreover, it would
have been necessary to use a point of care system for the quantitative
determination of plasma NGAL. The performance of point of care can
be affected by environmental stress like temperature, humidity,
vibration, shock and altitude. This could lead to obtain erroneous
measurement. In fact, falsely elevated or lowered readings may be
attributed to changes in reagent enzymatic activities and kinetics
[18-20].

Our study investigates the urinary markers of kidney function with
a recommend procedure and following the guidelines. In particular,
the collection and storage (in appropriate condition) of urine sample
at high altitude is easy. This fact allows measuring all the parameters
after the expedition in the same time by the same appropriate
instruments, in controlled environmental conditions to improve the
quality of the results.

Conclusion

Our data shows that uNGAL concentration did not rise in response
at the high altitude condition. All the participants had normal uUNGAL
during the time of expedition, suggesting normal renal activity. The
preservation of renal functions was also confirmed by the analysis of
the other parameters.

The renal function in T1D participants was preserved despite the
abnormal metabolic state represented by hyperglycemia (contrary to
what occurs during extreme activity at sea level). In this type of
activity, level of training is especially important. Moreover, all diabetic
subjects have dealt with this activity were extremely trained to handle
glucose monitoring and to vary dietary and insulin needs accordingly.
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Practical implications
The practical implications of our study are summarized below:

1. The training kind and level are important for a good glycemic
control in this extreme activity.

2. The controlled feeding according to every single subject
metabolic necessities allowed to have a glycemic control through
the diet.

3. The possibility of controlling urinary markers not only during
the expedition, but also before and after, allowed having a better
check of the possible kidney damage. This event is not rare in
such a kind of extreme activities.

For these reasons we believe that our study might strengthen the
extreme activity in high altitude of diabetics type 1 patients, with the
necessary precautions.
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