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Abstract

Background: An epidemic of chronic kidney disease (CKD)
of unknown cause has emerged along the Pacific Coast of
Central America. The disease primarily affects men working
manually outdoors, and the major group affected is sugar-
cane workers. The disease presents with an asymptomatic
rise in serum creatinine that progresses to end-stage renal
disease over several years. Renal biopsies show chronic tu-
bulointerstitial disease. While the cause remains unknown,
recent studies suggest that it is driven by recurrent dehydra-
tion in the hot climate. Potential mechanisms include the
development of hyperosmolarity with the activation of the
aldose reductase-fructokinase pathway in the proximal tu-
bule leading to local injury and inflammation, and the pos-
sibility that renal injury may be the consequence of repeated
uricosuria and urate crystal formation as a consequence of
both increased generation and urinary concentration, simi-
lar to a chronic tumor lysis syndrome. The epidemic is pos-
tulated to be increasing due to the effects of global warming.
Summary: An epidemic of CKD has led to the death of more

than 20,000 lives in Central America. The cause is unknown,
but appears to be due to recurrent dehydration. Potential
mechanisms for injury are renal damage as a consequence
of recurrent hyperosmolarity and/or injury to the tubules
from repeated episodes of uricosuria. Key Messages: The
epidemic of CKD in Mesoamerica may be due to chronic re-
current dehydration as a consequence of global warming
and working conditions. This entity may be one of the first
major diseases attributed to climate change and the green-

house effect. ©2016 S. Karger AG, Basel

An epidemic of chronic kidney disease (CKD) of un-
known etiology is occurring in Central America, primar-
ily along the Pacific Coasts. First described in 2002 [1], it
likely has been present since the early 1970s, but has in-
creased markedly over the last 2 decades [2]. To date,
there have been nearly 20,000 deaths, in part because
most of the victims do not have access to dialysis [3].

Clinically, the disease presents primarily in men work-
ing manually in the sugarcane fields, but it has also been
observed in other groups that work manually outdoors,
such as construction workers, subsistence farmers, and
other similar groups of people. Most of the subjects are as-
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ymptomatic until they start developing signs of uremia [4].
However, there is evidence that the disease has been slowly
progressive, beginning with an asymptomatic rise in serum
creatinine, in association with low grade or absent protein-
uria with occasional red cells and white cells present in the
urine sediment. However, some subjects complain of ‘san-
dy urine’ that causes dysuria, although uninfected when
tested by urine culture [5]. Blood pressure may be slightly
high, but not at levels (>160 mm Hg) commonly associated
with renal progression. Most strikingly, the disease does
not appear to be due to any of the common causes of end-
stage renal disease, such as diabetes, hypertension, glomer-
ulonephritis, or polycystic kidney disease. Thus, the dis-
ease has been called ‘Mesoamerican Nephropathy’, and is
thought to be a new form of kidney disease [4, 6].

There has been much effort to identify the cause of the
disease. Renal biopsies, when performed, show a chronic
tubulointerstitial disease with focal inflammation, and
with signs of glomerular ischemia and secondary glomer-
ulosclerosis [7]. The recognition that this is primarily a
chronic tubulointerstitial disease has raised the possibil-
ity that toxic metals might be involved in the etiology,
such as lead, cadmium, arsenic - however, to date the
preliminary studies performed do not support these as a
cause. Silica released from burned sugarcane remains a
possibility, but it does not explain why the disease is also
observed in other groups. Likewise, while some studies
have focused on agrichemicals and pesticides, no specific
pesticide has been identified, and furthermore it does not
explain the presence of this disease in other groups. Like-
wise, infections such as leptospirosis and Hanta virus
have been considered, but clinical manifestations of these
diseases are largely lacking.

The Role of Dehydration as a Cause of Mesoamerican
Nephropathy

One common characteristic to all groups developing
this disease, however, is recurrent dehydration occurring
during heavy work in the hot environment [5, 8-10]. In-
deed, some studies have shown that the disease is more
common in workers in sugarcane fields that are at a low-
er altitude, compared to those at a higher altitude, where
the temperature is less hot. Workers start early in the
morning before the day gets too hot, but studies have
shown that the heat indexes cross into the unsafe zone,
defined by the Occupational Safety and Health Adminis-
tration, well before 10:00 in the morning, while workers
continue cutting cane for several more hours on a typical
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day [8]. As such, many of the workers develop signs of
dehydration during the day (fainting, light headed, jit-
tery), heat strokes are often confused with fever, dysuria
is frequent, and urine analyses show signs of urinary con-
centration (elevated specific gravity, elevated urine osmo-
larity) at the end of the workday [5, 8-10]. This happens
cyclically, as a on a daily basis.

An Animal Model of Dehydration Associated CKD

Historically, dehydration (loss of water) and volume
depletion (salt loss) are thought to result in ‘pre-renal’
kidney disease, in which no frank injury occurs unless
blood pressure and renal blood flow drop to levels that
cause acute tubular necrosis. However, we recently devel-
oped an animal model of recurrent dehydration associ-
ated with heat exposure in mice. As a remarkable finding,
these mice developed impaired renal function and tubu-
lointerstitial fibrosis after 5 weeks [11]. Interestingly
enough, the timing of hydration was key; indeed, if hydra-
tion was provided immediately after each cycle of dehy-
dration, renal injury was prevented, whereas if the same
total amount of hydration was provided until the end of
the day, renal injury ensued. This study thus suggests that
adequate hydration needs to be provided to the sugarcane
workers while they are in the fields, not afterwards.

The mechanism by which the kidney injury was devel-
oping was also explored. The mice lost salt and water by
sweating in their feet, so they tended to become hyperos-
molar during the day and this activated an enzyme system
(aldose reductase-sorbitol dehydrogenase-fructokinase) in
the proximal tubules. This enzyme system converts the glu-
cose being reabsorbed in the proximal tubule to fructose,
which is then metabolized by fructokinase to generate oxi-
dants and uric acid that causes local tubular injury. Inter-
estingly, when mice lacking fructokinase were recurrently
dehydrated, they were protected from kidney damage [11].

New Insights into Kidney Injury

Recently, our group identified a potentially more im-
portant mechanism to account for the development of
Mesoamerican nephropathy. Specifically, exercise under
heat stress is known to cause subclinical rhabdomyolysis
that is associated with the release of nucleotides and a rise
in serum uric acid [12, 13]. Indeed, hyperuricemia is very
common among the sugarcane workers, and serum uric
acid increases during the work day [9]. In turn, during the
day, dehydration leads to urinary concentration and acid-
ification, thereby resulting in high urinary uric acid con-
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Fig. 1. Urine sediment from a sugarcane worker in Nicaragua. The urine uric acid crystals are box-like and neg-
atively birefringent.

centrations that can exceed solubility. Urate crystals are
common in the urinary sediment of sugarcane workers
(fig. 1). Indeed, we found that many of the sugarcane
workers develop urine uric acid levels greater than 100
mg/dl per day, which is similar to that observed in sub-
jects suffering from acute kidney injury following chemo-
therapy (tumor lysis syndrome) [14]. Thus, we have pro-
posed that the Mesoamerican nephropathy may be caused
by repeated episodes of hyperuricosuria and urate crystal
formation that occurs through hard work on hot days
when hydration is limited or delayed.

Why the Epidemic?

The last century has seen a progressive rise in temper-
atures, with acceleration in the last 20 years. While the
absolute increase in temperature is relatively subtle (0.8
degrees Celsius), this has led to a dramatic increase in ex-
ceptionally hot days. Indeed, studies show that 75 percent
of extremely hot days (exceeding the 99th percentile) are
currently attributable to global warming [15]. As an ex-
ample, in the summer of 2015, there was a major heat
wave in Karachi with over 40,000 people suffering from
heat stroke, and another heat wave in Iran where the am-
bient temperature crossed 160 degrees Fahrenheit [16,
17]. For those subjects working daily in the sugarcane
fields extremely hot days are common [9], and the inten-
sity of the work adds up to further increase body core
temperature.

CKD from Global Warming

It is interesting that epidemics of CKD are now being
reported in multiple countries, primarily in the tropics, in-
cluding India, Bangladesh, Sri Lanka, Egypt, Mexico and
Central America. A common theme is that the CKD is oc-
curring in subjects working manually outside, directly ex-
posed to sunshine, frequently in areas where there is sig-
nificant water shortage or scarce access to potable water. In
conclusion, we propose that the Mesoamerican nephropa-
thyis essentially a consequence of global warming, and may
be one of the first major diseases described as a consequence
of extensive fossil fuel use and the greenhouse effect.

Acknowledgments

We thank our numerous collaborators on this project, includ-
ing A. Aragon, L. Barregard, J. Glaser, M. Gonzalez, T. Harra, E.
Jarquin, M. Lanaspa, L.G. Sanchez-Lozada, D. Wegman, I. Weiss
and others. Supported by a grant from Solidaridad and La Isla
Foundation.

Disclosure Statement

Dr. R.J. Johnson is on the Scientific Board of Amway, and has
grants from the Department of Defense, VA Administration,
National Institute of Health, Amway, Danone, and La Isla Founda-
tion. He has patents and patent applications related to blocking
uric acid and fructose metabolism, and he and C. Roncal are mem-
bers of Colorado Research Partners LLC that is developing inhibi-
tors of fructose metabolism. Dr. R.]. Johnson is also on the Scien-
tific Board of XORT Therapeutics and has stock in this company
that is developing novel xanthine oxidase inhibitors.

Blood Purif 2016;41:135-138 137
DOI: 10.1159/000441265



—

References

Trabanino RG, Aguilar R, Silva CR, Mercado
MO, Merino RL: Nefropatia terminal en paci-
entes de un hospital de referencia en el Salva-
dor. Rev Panam Salud Publica 2002;12:202—
206.

Wesseling C, van Wendel de Joode B, Crowe
J, Rittner R, Sanati NA, Hogstedt C, Jako-
bsson K: Mesoamerican nephropathy: geo-
graphical distribution and time trends of
chronic kidney disease mortality between
1970 and 2012 in Costa Rica. Occup Environ
Med 2015;72:714-721.

Ramirez-Rubio O, McClean MD, Amador J]J,
Brooks DR: An epidemic of chronic kidney
disease in Central America: an overview. ] Ep-
idemiol Community Health 2013;67:1-3.
Correa-Rotter R, Wesseling C, Johnson RJ:
CKD of unknown origin in Central America:
the case for a Mesoamerican nephropathy.
Am J Kidney Dis 2014;63:506-520.

Crowe J, Nilsson M, Kjellstrom T, Wesseling
C: Heat-related symptoms in sugarcane har-
vesters. Am ] Ind Med 2015;58:541-548.
Wesseling C, Crowe J, Hogstedt C, Jakobsson
K, Lucas R, Wegman D: Mesoamerican ne-
phropathy: report from the first internation-
al research workshop on men. http://www.
Regionalnephropathy.Org/wp-content/up
loads/2013/04/preprint-technical-report.Pdf.
Heredia, Costa Rica, SALTRA / IRET-UNA,
2013.

10

11

Wijkstrom J, Leiva R, Elinder CG, Leiva S,
Trujillo Z, Trujillo L, Soderberg M, Hulten-
by K, Wernerson A: Clinical and pathologi-
cal characterization of Mesoamerican ne-
phropathy: a new kidney disease in Central
America. Am ] Kidney Dis 2013;62:908—
918.

Crowe J, Wesseling C, Solano BR, Umafia
MP, Ramirez AR, Kjellstrom T, Morales D,
Nilsson M: Heat exposure in sugarcane har-
vesters in Costa Rica. Am J Ind Med 2013;56:
1157-1164.

Garcia-Trabanino R, Jarquin E, Wesseling C,
Johnson RJ, Gonzalez M, Weiss I, Glaser ],
Vindell JJ, Stockfelt L, Roncal C, Harra T, Bar-
regard L: Heat stress, dehydration, and kidney
function in sugarcane cutters in el Salvador -
a cross-shift study of workers at risk of Meso-
american nephropathy. Environ Res 2015;pii:
S0013-9351(15)30028-1.

Laws RL, Brooks DR, Amador JJ, Weiner DE,
Kaufman JS, Ramirez-Rubio O, Riefkohl A,
Scammell MK, Loépez-Pilarte D, Sanchez JM,
Parikh CR, McClean MD: Changes in kidney
function among Nicaraguan sugarcane work-
ers. Int ] Occup Environ Health 2015;21:241-
250.

Roncal Jimenez CA, Ishimoto T, Lanaspa
MA, Rivard CJ, Nakagawa T, Ejaz AA, Cicer-
chi C, Inaba S, Le M, Miyazaki M, Glaser J,
Correa-Rotter R, Gonzilez MA, Aragén A,

138

DOI: 10.1159/000441265

Blood Purif 2016;41:135-138

12

13

14

15

16

17

Wesseling C, Sdnchez-Lozada LG, Johnson
RJ: Fructokinase activity mediates dehydra-
tion-induced renal injury. Kidney Int 2014;
86:294-302.

Paula Santos U, Zanetta DM, Terra-Filho M,
Burdmann EA: Burnt sugarcane harvesting is
associated with acute renal dysfunction. Kid-
ney Int 2015;87:792-799.

Knochel JP, Dotin LN, Hamburger R]: Heat
stress, exercise, and muscle injury: effects on
urate metabolism and renal function. Ann In-
tern Med 1974;81:321-328.

Roncal-Jimenez C, Garcia-Trabanino R, Bar-
regard L, Lanaspa MA, Wesseling C, Harra T,
Aragon A, Grases F, Jarquin ER, Gonzalez
MA, Weiss I, Glaser J, Sanchez-Lozada LG,
Johnson RJ: Heat stress nephropathy from
exercise-induced uric acid crystalluria: a per-
spective on mesoamerican nephropathy. Am
] Kidney Dis 2016, in press.

Fischer EM, Knutti R: Anthropogenic contri-
bution to global occurrence of heavy precipi-
tation and high temperature extremes. Nature
Clim Change 2015;5:560-565.

Dearden L: Karachi heat wave: death toll
tops 1,000 as government and electricity
company trade blame. The Independent,
2015.

Iran city hits suffocating heat index of 165 de-
grees, near world record. The Washington
Post, 2015.

Roncal-Jimenez/Garcia-Trabanino/
Wesseling/Johnson



