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As AMC began development of the next Jeep in , management created a business process that
is now known as product lifecycle management PLM. Meanwhile, new communication systems
allowed potential conflicts to be resolved faster, thus reducing costly engineering changes,
because all drawings and documents were in a central database. The Grand Cherokee thus
became the first Chrysler-badged Jeep product. Development work for the new Jeep model
continued and Chrysler's employees after the buyout of AMC were eager for a lates release
date; however, CEO Lee Iacocca was pushing for redesigned Chrysler minivans , thus delaying
the Grand Cherokee's release until late [9] as an Explorer competitor. Unlike the Explorer, the
Grand Cherokee utilized monocoque unibody construction, whereas the Explorer was a
derivative of the Ranger pickup with a separate body-on-frame. The original Grand Cherokee
was launched in as a model year vehicle in the luxury SUV segment. The base model included
features such as full instrumentation, cloth interior, and a standard five-speed manual
transmission , while gaining the moniker "SE" name for the model year. Power windows and
locks were not standard equipment on the base trim. The minimal price tag differential resulted
in low consumer demand, and as a result, the low-line model was eventually discontinued.
Additional standard features included a driver-side airbag and four-wheel anti-lock braking
system ABS. The Laredo was the mid-scale model with standard features that included power
windows , power door locks , cruise control, and a leather-wrapped steering wheel. Exterior
features included medium-grey plastic paneling on the lower body and five-spoke alloy wheels.
The Limited was the premium model, featuring body-color lower body paneling, and gold
exterior accents. By the options list grew to include heated seats. Standard was the 4. Package
groups with the various trim levels included: fog lamps, skid plates, as well as convenience,
lighting, luxury, power, security, and trailer towing packages. When it was first introduced in
April as an early model year vehicle, the Grand Cherokee only had one powertrain choice: the 4.
This became the "volume" engine for the Grand Cherokee. Low demand for the manual
transmission resulted in its discontinuation after , but European-market ZJs retained it when
coupled to the diesel engine which was unavailable in North America. The drive train choices
included rear-wheel drive or four-wheel-drive. In , the engine dropped 5 horsepower to due to
new EPA regulations imposed on the model year. In , for the model year, a variant of the
top-level Grand Cherokee Limited, the "5. Jeep ads claimed it to be the "world's fastest sport
utility vehicle", verified by third-party testing. The primary improvements in the 5. The 5. Other
features include a standard watt, speaker Infinity Gold sound system with rear roof-mounted
soundbar, standard sunroof, and an interior swaddled with unique "calf's nap" soft leather and
faux wood trim. The production of this model was 14, units. Export models produced at the
plant in Graz, Austria, were given the vehicle designation of "ZG". The European model was
coded WG. The spare tire was relocated from the side of the cargo compartment to under the
floor. Like the MY ZJ, the rear tailgate glass opened separately. The two heavy pushrod V8
engines were replaced by Chrysler's then-new PowerTech. The new V8 engine produced less
torque than the old pushrods, but was lighter, offered better fuel economy, and provided similar
on-road performance figures the gallon fuel tank was replaced with one of a The straight-six
engine was also updated. A redesign of the intake manifold added 10 horsepower 7. A notable
feature available in this generation was the automatic four-wheel drive option called
Quadra-Drive , which employed the New Venture Gear NV transfer case. This two-speed
chain-driven transfer case uses a gerotor, a clutch pack coupled to a hydraulic pump, to
transfer torque between the front and rear axles. The transfer case contains three modes, 4-All
Time, Neutral, and 4-Lo. If the rear axle starts spinning at a higher rate than the front axle,
hydraulic pressure builds up in the gerotor and causes the clutch pack to progressively transfer
torque to the front axle until both axles return to the same speed. A neutral mode is intended for
towing the vehicle. In 4-Lo, the front and rear axles are locked together through a 2. Vari-Lok
differentials also use a gerotor to transfer torque between the wheels on either side of the axle.
The major advantage of Quadra-Drive was that the combined transfer case and progressive
locking differentials in each axle could automatically control traction between all four wheels.
However, only the center differential could be permanently locked, and only in 4Lo. It included
three planetary gear sets rather than the two normally used in a four-speed automatic. This gave
it six theoretical speeds, and it would have been the first six-speed transmission ever produced
in volume, but it was programmed to only use five of these ratios. Four were used for upshifts,
with a different second gear for downshifts. Although five of the six ratios were used, Chrysler
decided to call it a "4-speed automatic". For MY , the programming was changed to make use of
all six ratios. Rather than have six forward gears, the transmission was programmed to act as a
five-speed with the alternate second gear for downshifts. The 42RE 4-speed automatic remained
the transmission for the inline 6 engine. It had slight changes from the previous model Grand
Cherokee. The interior was also completely redesigned. The redesign allowed for larger rear

doors, and more space for rear passengers. Controls for various items like headlights, heated
seats, and rear wiper were moved to more convenient locations. The electronic Vehicle
Information center was moved from below the radio to above the windshield and was standard
on â€” models. Limited models included automatic dual-zone climate control. A CD changer
was also available with the Infinity Audio package. UniFrame is an unusual construction
scheme, it incorporates all of the strength and durability of a body-on-frame construction into a
unitized construction. By adding stiffness and rigidity to the structure, they enhanced the ride
and strengthened the network of steel beams, rails and pillars or "safety cage" that surround
and protect occupants. More than 70 percent of the underbody is high-strength steel. The Grand
Cherokee received a minor facelift for including round fog lamps, a lower front fascia , and a
new body color-matched inset grille design. Export models produced at the plant in Graz,
Austria, were given the vehicle designation of "WG". The 3. A Mercedes Benz sourced 3. Jeep
replaced the XJ-era live-axle with leading-arms front suspension found in the ZJ and WJ with an
independent double-wishbone setup like that which debuted in the Liberty. The lower portion of
the front bumper was still removable as it was from launch to increase the approach angle for
off-road use. The 4. The Jeep Grand Cherokee is available with an improved 5. The engine uses
variable valve timing to increase fuel economy. The fourth-generation WK2 Grand Cherokee
went on sale in summer as a model. This culminated in the Chrysler Chapter 11 reorganization
that same year. The fourth-generation Grand Cherokee retains its classic Jeep styling combined
with a modern and sleek body style. The interior features leather trim and real wood accents,
plus Bluetooth and uConnect electronics options. With the additional awards for the Grand
Cherokee, the Jeep Grand Cherokee has won 30 awards for off-road capability, luxury, value,
best-in-class, and safety, making it the most awarded SUV ever. Like previous generations, the
WK2 Grand Cherokee chassis is a steel unibody. Unlike previous generations, it features
four-wheel independent suspension for better on-road handling. Optional Quadra-Lift height
adjustable air suspension can raise the vehicle's ground clearance up to Engine choices
include the all new 3. The V8 comes with the multi-speed automatic transmission that includes
Electronic Range Selection ERS to manually limit the high gear operating range. Alongside the
Wrangler, the Grand Cherokee was the first model to be sold directly by Jeep in the country.
The two-row version will be revealed later. The two-row Grand Cherokee will continue to be
assembled at the nearby Jefferson North Assembly Plant , where it has been assembled since
its introduction in for the model year. The Grand Cherokee L wheelbase is 6. While all models
will be powered by a 3. Three different four wheel drive systems will be available: Quadra-Trac I
standard on Laredo and Limited models , Quadra-Trac II featuring low range standard on
Overland and Summit models , and Quadra-Drive II with low range and "Quadra Lift" air
suspension system optional only on the Overland trim , as well as rear wheel drive. When
properly equipped, the Grand Cherokee will be able to tow up to 7, lbs. The Grand Cherokee will
also be able to ford up to two feet 24 inches of water when equipped with the Quadra Lift air
suspension system. All engines will be mated to a ZF -sourced eight-speed automatic
transmission that is controlled via a rotary shift knob. For the first time, the Grand Cherokee will
offer a watt, nineteen-speaker McIntosh premium amplified surround sound audio system,
replacing the previous watt, eighteen-speaker Harman Kardon system on the Grand Cherokee
WK2. Other new features available for the first time on a Grand Cherokee include massaging
front seats, a rear seat view camera, a surround-view degree camera system, a rear view camera
digital mirror, wireless Apple CarPlay and Android Auto smartphone integration, Qi -compatible
wireless device charging, heated and ventilated second-row seats, second-row captain's chairs,
twenty-one inch tires and wheels, Level 2 semi-autonomous driving technology, and
power-folding second and third-row seats. The Grand Cherokee will be the third Fiat Chrysler
Automobiles product to offer the new UConnect 5 infotainment suite, which will offer either an
8. In moderate- to high- energy rear collisions, the fuel tank located behind the rear axle could
be compromised structurally, resulting in fuel leakage and fire. Also affected are â€” Jeep
Liberty models and â€” Jeep Cherokee models, which totals about 5. In June , Chrysler
Corporation responded to the recall, agreeing to recall 2. The recall will include 2. Two weeks
prior to this recall, Chrysler Corporation claimed that the affected Jeep vehicles were safe,
citing the vehicles' rates of fatal rear-impact crashes involving fire as well as their compliance
with then-current requirements of FMVSS standard No. To remedy the problem, Jeep
dealerships will install a trailer hitch onto the rear bumpers of the vehicles that will protect the
fuel tank if the vehicle is involved in a rear impact. If an affected vehicle is not currently
equipped with a trailer hitch , one will be installed onto it, and older Jeep and non-factory
aftermarket trailer hitches will be replaced with one from Chrysler Corporation. Despite the
recall, the market for these Jeep vehicles has not suffered. This followed cases of cars rolling
away due to the transfer case moving into neutral of its own accord, and the owner not having

applied the parking brake. The cause of the roll-aways was faulty soldering in the transfer case
actuator. It has been deduced that the revised software detects this by noting any deviation in
resistance, and thereupon locks the transfer case in the high ratio for safety; but that it is
over-reacting to minor resistance variations from other causes. Originally Chrysler dealers
claimed that the loss of neutral and low ratio following the recall was a coincidence; then it
claimed that the revised software was revealing pre-existing faults in the system, despite it
occurring even with new parts. Chrysler has also claimed that only a small fraction of cars have
issues following the recall; [66] but most users never have occasion to use the low ratio and
may never discover the fault. Four years after this recall its issues remain unresolved. In April ,
the National Highway Traffic Safety Administration NHTSA ordered a recall of and Jeep Grand
Cherokees and other cars that use an electronic gear shifter because it sometimes does not go
into or does not remain in the park position, despite the operator's best intentions. Consumers
reported that they put the car in park and left the engine running, and then were surprised when
the car rolled away under power. The Company is aware of 41 injuries that are potentially
related. The vehicles involved in these events were inspected and no evidence of equipment
failure was found. The vehicles also deliver warning chimes and alert messages if their
driver-side doors are opened while their engines are still running and "PARK" is not engaged.
However, the investigation suggested these measures may be insufficient to deter some drivers
from exiting their vehicles without selecting "PARK," so FCA US will enhance the warnings and
transmission-shift strategy on these vehicles. The enhancements will combine warnings with a
transmission-shift strategy to automatically prevent a vehicle from moving, under certain
circumstances, even if the driver fails to select "PARK. Jeep has now replaced the shifter with a
conventional lever which stays in position for late models. In October , â€”14 model year Grand
Cherokees were recalled due to improperly installed brake shields in some vehicles. From
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audible and visual feedback when a fault was detected doors, hood, tailgate, engine coolant
level, engine oil level, and front and rear lighting systems were some of the systems monitored
by the EVIC. In addition to monitoring vehicle status, the EVIC could also display current date
and time information and vehicle service interval reminders, and could be set via buttons on the
EVIC screen. An overhead console provided a mini trip computer with current direction of travel
and exterior temperature information in Celsius or Fahrenheit , as well as elapsed time, mileage
remaining until the fuel tank is empty, and trip mileage for two trips Trip A and Trip B. Keyless
entry allowed for easy access to the vehicle without having to insert the vehicle's key into the
door lock cylinder, and could also arm or disarm the class-exclusive vehicle security system.
The interior lights illuminated whenever a door was opened, and could shut off automatically
along with the automatic headlamps. The ignition cylinder was located on the right side of the
steering column, and was lighted so that it could be easily located during nighttime driving
conditions. Finally, a premium AccuSound factory audio system by Jensen or Infinity Gold on
and newer models and watt amplifier located underneath of the rear bench seat could be paired
with an in-dash CD player and five-band graphical equalizer for a high-fidelity audio experience.
A fully mechanical full-time four wheel drive system could split torque when a wheel was losing
traction, and send all available traction to that wheel in order to keep moving. In addition, the
system, called Quadra-Trac , could automatically detect when four wheel drive was needed, and
automatically switch from rear wheel drive without input from the driver. The newly available
Jeep Memory System utilized a button panel located on the inside of the front driver's door
panel to recall driver's seat adjustment, mirror adjustments, and radio preset settings when the
corresponding key was inserted into the ignition cylinder each keyless entry remote was
engraved with either a '1' or a '2' to designate which key would automatically recall these
settings. Heated seats also became available for the front driver and passenger with slide
switches located near the lighting controls on the driver's side. A power tilt-and-sliding sunroof
was added to the options list, and remote controls for the audio system were added to the back
of the steering wheel on some Grand Cherokee models. For the first time on the Grand
Cherokee, buyers could choose a combination cassette and single-disc CD player instead of
just either a cassette or a single-disc CD player. Dual front SRS airbags now came standard on
all models, and the 5. Finally, in , the 5. The base model included features such as full
instrumentation, cloth interior, a standard five-speed manual transmission , and was given the
"SE" name for the model year. Power windows and locks were not standard equipment on the
base and SE for and The minimal difference in price resulted in low consumer demand, so the
low-line model was discontinued after Standard features on all models included a driver-side air
bag and four-wheel anti-lock braking system ABS. The Laredo was the mid-scale model with
standard features that included power windows , power door locks , and cruise control. Exterior
features included medium-grey plastic paneling on the lower body and five-spoke aluminum
wheels. The Limited was the premium model, featuring lower body paneling that was the same
color as the rest of the vehicle. The Limited also had standard features such as leather seating,
power sunroof , heated mirrors, heated power seats , and a remote keyless system. The
"Up-Country" version was also offered between and Package groups included: convenience,
fog lamps, skid plate, lighting, luxury, power, security, and trailer towing. When it was first
introduced in April as an early model year vehicle, the Grand Cherokee had one powertrain, the
AMC -derived 4. Low sales demand for the manual transmission resulted in its discontinuation
after the model year for North America, but it remained on the option list for European ZJs. The
drivetrain choices included rear-wheel drive or four-wheel-drive. At launch all Grand Cherokees
were powered by the 4. Starting in early , the Grand Cherokee became available with the 5. The
5. It also had a low range that still utilized the viscous coupler in the model years. In and
beyond, the low range provided a true lock between the front and rear axles. However, the
system required little to no driver input, as it was automatically determined by the viscous
coupler when more front bias was required. The standard part-time four-wheel drive system in
the Grand Cherokee was known as Command-Trac, a part-time only four-wheel drive, modes
were 2 wheel drive, 4 HI and 4 LO. All three four-wheel drive systems featured a selector lever
that was located next to the transmission gear selector or shifter. Two Wheel Drive Grand
Cherokees featured a small storage area in place of the four-wheel drive selector lever. The
crimson-colored interior option for the vinyl and cloth seats was no longer available, and the
Limited model now had the option of quilted Highland-grain leather seats. The only
transmission choice was a 46RH, four-speed automatic transmission. The top-of-the-line Grand
Wagoneer Limited trim was also shown in the brochure, and became available in early The radio
also introduced Dolby noise reduction technology for the cassette player. For , the upgraded
Jensen Electronics AccuSound premium amplified audio system was rebranded Infinity Gold,
with upgraded components. Mid-level Laredo models gained standard fifteen-inch sport

aluminum-alloy wheels. The model featured cosmetic changes to the body including the grille ,
bumpers, and foglights, while interior additions included dual airbags. The AMC 4. The Limited
model also included more luxury items such as driver placement memory, radio controls on the
steering wheel, and variable-assist power steering. A flip out rear glass hatch was a new option
for the Orvis, along with font lettering which was similar to other Chrysler products which was
phased in the following model year. The five-speed Aisin AX15 manual transmission was also
no longer available for For , the Grand Cherokee received a mid-cycle restyling, with new front
and rear bumpers and side cladding, a larger front grille, new aluminum-alloy wheel options,
and an entirely new interior, now featuring a front passenger side airbag and revised interior
fabrics. The base SE trim level was dropped for , leaving the Laredo as the new base model. The
five-speed manual transmission option was also dropped for At this time, the part-time
Command-Trac four-wheel drive system was dropped, leaving the full-time Selec-Trac and
computerized Quadra-Trac four-wheel drive systems as options. A new steering wheel which
featured three-spokes with integrated cruise control buttons, a new dual-note horn, and the
horn buttons were deleted in favor of a single horn pad. The front seats were new as well as an
upgraded interior with new door panels and interior trim panels, a glove box with more storage
space, new tires and wheels, revised headlamps , fog lamps that were directly integrated into
the vehicle's front bumper on some models, a new remote keyless system , as well as faux
wood interior trim standard on all models. An optional rear lift glass first introduced with the
Orvis edition where production tailgates manufactured after January 3, have both provisions for
both fixed and lift glass for the Laredo and Limited were added to the options list the fixed glass
came standard. The base SE model was dropped for , in favor of new features being added to
the Laredo now base model. The manual transmission was no longer offered after the model
year Grand Cherokee sold in North America, but remained as the base transmission for
European ZJs ZG sold in Europe with the diesel motor. New front door designs got new side
body cladding strips, and the 'Laredo' subtext on the Laredo model was moved down to the
cladding. The 'Grand Cherokee' badge was relocated to the front lower doors, and was now
larger using a font style similar to other Chrysler products and initially used with the Orvis
package , replacing the era American Motors font style used on Jeep vehicles. On V8-equipped
Grand Cherokees, there was a new V8 badge on the rear liftgate. The 4X4 badge, on
four-wheel-drive -equipped Grand Cherokees, was also changed to raised metal letters instead
of the 4X4 decals offered before. A combination cassette player and CD player was available for
the first time as an option, and the vehicle featured an OBD II diagnostics port under the
dashboard on the driver's side, required for all model year and newer vehicles, a digital
odometer and trip odometer , a miles per hour speedometer rating on some models, and the
vehicle now included some user-programmable features such as if the headlamps and tail
lamps flashed when a button was pressed on the remote keyless system , how many miles until
service intervals, whether the horn sounded when a button was pressed on the remote, and
more. The overhead console was somewhat redesigned for the model year to improve storage
space and feature availability. In addition to the cigarette lighter port, a volt power port was
added for cellular telephones , coolers , computers , and other devices. The ashtray was also
removed from the rear doors, replaced by a solid area. The Limited model and Orvis Edition
model both got chrome interior door handles. The 4. The Orvis Edition was in its last production
year for , available in Moss Green and a Birch Silver exterior color. The Laredo and other
models were carried over, and the new 5. In , a 5. This engine and model was only available for
the model year. This Limited model featured the 5. In the mid-late s as they passed the 15 year
mark , Japanese Domestic Market JDM Jeep Grand Cherokees that came in right hand drive
became a popular vehicle choice for Canadian Mail Carriers since it shared the same chassis,
body, suspension, and engine as the North American left hand drive version. The Base and SE
were the most basic trim levels of the Grand Cherokee between and The Base was given a
name, the SE, in Standard features included the 4. The SE was dropped after , and in , the
Laredo became the base trim level of the Grand Cherokee. The Laredo served as the midrange
trim level of the Grand Cherokee between and , and the base trim level of the Grand Cherokee
between and In , the Laredo became the base trim level of the Grand Cherokee, and remains the
base trim level to this day. In , the Laredo gained a standard 4-speed automatic transmission, as
the 5-speed manual transmission was dropped after Many of the features available on the
luxurious Limited model could also be had on the midrange or base Laredo model. The Special
Edition was slotted just above the base Laredo trim Grand Cherokee between and The TSi
served as the "sporty" trim level of the Grand Cherokee between and The Limited served as the
"luxury" trim level of the Grand Cherokee between and It added these features to the midrange
Laredo Grand Cherokee: premium leather-trimmed seating surfaces, premium low-back front
bucket seats, power front seats, a premium watt Infinity Gold sound system with 6 speakers,

fifteen-inch 15" or sixteen-inch 16" luxury alloy wheels, a security system, 4-speed automatic
transmission, an Electronic Vehicle Information Center EVIC or VIC , carpeted floor mats,
body-colored front grille, front and rear bumpers, gold-plated badging, and body-side cladding
and trim, and more. The Orvis Edition was a partnership between the Orvis catalog and Jeep.
Jeep ended their partnership with Orvis in , and thus, the Orvis Edition Grand Cherokee was
discontinued after Chrysler manufactured nearly a quarter million Grand Cherokees in Of those,
fewer than fifteen thousand were 5. It housed a Magnum 5. The performance of the 5. European
version named 5. This included, in addition to the premium motor, all the options found on the
limited edition, in addition to:[7]. The Grand Wagoneer Limited served as the most luxurious
Grand Cherokee trim level for , offering features in addition to the luxurious Limited features:
quilted leather seating surfaces, faux vinyl wood side paneling, 'Grand Wagoneer' emblems on
both upper front fenders, more wood interior trim, the deletion of the body-side cladding panels,
the 5. Four-wheel drive systems included Command-Trac , a part-time unit offering temporary
4-wheel assistance; Command-Trac was dropped from lineup in conjunction with the SE trim in
Selec-Trac had the option of either full-time or part-time operation; both shift-on-the-fly
Command-Trac and Selec-Trac were already available for the Cherokee, and they were adapted
to the Grand Cherokee. Exclusive to the Grand Cherokee was the introduction of Quadra-Trac
system with permanent all-time four-wheel assistance. This was optional on all models.
Low-range required using a manual shift lever for all three systems. The Quadra-Link
suspension design was used on both the front and rear axles. This design uses four control
arms, two above the axle and two below it, to control longitudinal movement and rotation about
the lateral axis drive and braking reaction. A panhard rod , also referred to as a track bar, is
used to locate the axle laterally. Two coil springs are seated on top of the axle housing as well
as two gas-charged shock absorbers. The optional "Up Country" package included heavier duty
German made gas charged shocks installed upside down, taller coil springs and longer bump
stops; thereby increasing ride height by one inch. Additional features on top of the Limited
included exclusive faux woodgrain vinyl decals on the front fenders, doors, and rear tailgate,
chrome Grand Wagoneer emblems on both front fenders, deletion of the lower textured body
side cladding, unique pinstripes on the front and rear bumpers and above the woodgrain decals
on both sides of the vehicle, color-keyed heated power-adjustable side mirrors, a chrome front
grille, front bumper-mounted driving fog lamps, a color-keyed leather-wrapped tilt steering
wheel with cruise control, ultra-luxury quilted leather-trimmed seating surfaces, a security
system, and a full-size, matching cargo area-mounted spare tire and wheel with vinyl cover. The
Grand Wagoneer Limited was available in several different exterior color options, although all
interiors were beige in color, regardless of exterior color. As there was not a large market for
the Grand Cherokee ZJ-based Grand Wagoneer Limited, it was discontinued after the model
year , once again leaving the Limited as the top-of-the-line Grand Cherokee trim level. The Orvis
â€” [9] was a Grand Cherokee Limited package that featured an exterior color scheme of Moss
Green, or in the less common Light Driftwood, with roan red and maize side strip accents Moss
Green paint accents on the road wheels matching the moss green body color and the special
"Orvis" brand badging were the only significant exterior visual differences. In performance, the
5. Also, some Orvis editions came with a rear liftglass which in became a mainstream option ,
tow hooks, and the Up-Country suspension group. However, the interior was special. Two-tone
green and tan leather seats were complemented with roan red accent piping and Orvis insignia.
There was a slight difference between the and years' interior compared to each other. The had a
black dash where the had a tan dash, The Orvis Edition luxury trim package was optional on the
Limited version, and when equipped with all the other options was the most expensive of all the
Grand Cherokee versions until when the 5. Jeep ended their relationship with Orvis Catalog in ,
and the Orvis Edition was discontinued. Boasting all the Orvis extras, plus features such as
Bonnet Hood vents from the 5. Boasting of 8. A sporty TSi model â€” was briefly offered, with
exterior features that included single color body paneling with lower indigo blue striping, a body
colored grille, and TSi accents. The TSi trim level was first used on the turbocharged,
intercooled version of the Chrysler Conquest before it transferred to Eagle and was applied to
performance-oriented Talons and Visions from Jeep's sister brand. The TSi trim was applied to
the Grand Cherokee to create a stronger connection between Jeep and Eagle, as Eagle sales
had been in the doldrums by Both the 4. Both engine options could also be special ordered in 2
wheel drive configurations. The TSi was priced between the Laredo and the Limited and was
discontinued after a two-year run. Standard was a Magnum 5. These included all the options
from the Limited and the following: [10]. Jeep introduced several concept vehicles for its annual
Easter Safari in Moab, Utah. One such vehicle was the Jeep Grand One , which was created to
celebrate the 25th anniversary of the Jeep Grand Cherokee. The Grand One was repainted a
robin's-egg blue with a light woodgrain-style treatment underneath of the paint, paying homage

to the Jeep Grand Wagoneer ZJ, and the wheelbase was stretched to accommodate new front
and rear axles however, this is only noticeable if one looks at the slightly modified rear doors
that had to be modified to accommodate the longer wheelbase. Large front and rear fender
flares conceal the extended wheelbase. Pinstripes on the side and rear of the body were
removed, as was the textured side cladding, and the 'Jeep' emblem on the hood. Underneath the
Grand One's hood, all components are stock Jeep except for a Mopar air filter and intake.
Inside, the interior of the Grand One is mostly stock, except for new upholstery the stock seats
of the Grand One were re-wrapped in a modern gray leather-and-microfiber-suede with bright
blue accent stitching , and a plaid headliner. From Wikipedia, the free encyclopedia. American
car model. This article is about the first generation Jeep Grand Cherokee. For an overview of all
models, see Jeep Grand Cherokee. Motor vehicle. Engine specs. Engine specs [2]. Wards Auto.
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utility vehicles Motor vehicles manufactured in the United States. Hidden categories: Articles
with short description Short description is different from Wikidata All articles with unsourced
statements Articles with unsourced statements from February Commons category link is on
Wikidata Commons category link is locally defined. Namespaces Article Talk. Views Read Edit
View history. Help Learn to edit Community portal Recent changes Upload file. Download as
PDF Printable version. Wikimedia Commons. Chrysler Corporation DaimlerChrysler Larry
Shinoda [1]. Front-engine , rear-wheel drive or four-wheel drive. Grand Cherokee WJ. AMC I6.
Wrangler YJ. Wrangler TJ. Wrangler JK. Wrangler JL. Wrangler Unlimited LJ. Wrangler
Unlimited JKU. Wrangler Unlimited JLU. Subcompact crossover. Renegade BU. Compact
crossover. Compass MK Compass MP. Patriot MK Cherokee KL. Compact SUV. Cherokee XJ.
Mid-size crossover. Grand Cherokee WK2. Grand Cherokee L WL. Mid-size SUV. Wagoneer
Limited XJ. Grand Cherokee WK. Commander XK. Full-size SUV. Cherokee SJ. Grand Wagoneer
SJ. Wagoneer SJ. Compact pickup. CJ-8 Scrambler. Comanche MJ. Midsize pickup. Gladiator
JT. Full-size pickup. Vehicle availablity limited to China. Concept Cars. Search this site.
Available Options: ZJ. Brochures to Possibly Be Scanned. Changing a Flat Tire. Common
Problems on the ZJ. Controls on ZJ Steering Wheel. Development of the ZJ. Engine Fuse Panel
Location. Famous ZJ's. Fuse Pinout: Gauge Warning Lights. Grand Cherokee Milestones. Grand
Cherokee Performance Figures. Grand Cherokee ZJ Firsts. How to Shift a ZJ Transmission.
Interior Trims and Door Panel Accents. Jeep Lineup: Other ZJ Recalls. Powertrain Information.
Radio and Speaker Dimensions. Recommended tires for ZJ's. Removing the Speakers.
Resetting Trip Mileage and Mileage to Service. Sales of Jeep Grand Cherokee: Setting the
Clocks. Shfiting into 4WD. Shift Lock Feature. Site Updates. Sound System Options for the ZJ.
The Overhead Console. Transmission Shift Lock Recall. Used ZJ Prices. Using the Keyless
Entry Remote. Where to Find Parts for your ZJ. Where to Look for Used ZJ's. ZH European
Market Changes. ZJ Accolades. ZJ Colors. ZJ Competitors. ZJ Gauge Layout. ZJ Interiors. ZJ
Models. ZJ Partnerships. ZJ Radio Removal. ZJ Safety Equipment and Features. ZJ Special
Edition Models. ZJ TV Commercials. ZJ Wheels. ZJ: A Buyer's Guide. Here's how to do it: 1.
Place the key into the ignition slot. On the fourth or fifth time you turn your ignition ON, leave it
in the ON position. Count the number of times your 'Check Engine' light flashes. This is your
first number. It will pause for a second and then start flashing again. This is your second
number. For example: if your 'Check Engine' light flashes five times, you would write down 5.
Then when it starts flashing a second time, if it flashes five time, you would write down 5. This
would be "55". If there are any more codes, the 'Check Engine' light will start flashing again in
the same sequence. Once the 'Check Engine' light goes out, you are done retrieving codes.
Turn the ignition back to OFF and remove your key. Intermittent loss of either camshaft or
crankshaft position sensor. CKP sensor target windows have too much variation. Upstream
oxygen sensor heating element circuit malfunction. Downstream oxygen sensor heating
element circuit malfunction. Downstream oxygen sensor input voltage maintained above the
normal operating range. Oxygen sensor voltage too low, tested after cold start. Upstream or
Downstream Left oxygen sensor input voltage maintained above the normal operating
temperature. Actual idle speed does not equal target idle speed. Insufficient or excessive vapor
flow detected during evaporative emission system operation. Speed control switch input below
the minimum acceptable voltage. An open condition detected in the ASD relay output circuit. An
open or shorted condition detected in the fuel pump relay control circuit. An open circuit
between PCM and fuel gauge sending unit. Circuit shorted to voltage between PCM and fuel
gauge sending unit. No movement of fuel level sender detected. Also, no significant change
detected in battery voltage during active test of generator output circuit. Home 5. No crank
reference signal detected during engine cranking. Direct battery input to PCM was disconnected

within the last 50 Key-on cycles. No difference recognized between the engine MAP reading and
the barometric atmosphere pressure reading from start-up. MAP sensor input above or below
acceptable voltage. No vehicle speed sensor signal detected during road load conditions.
Engine did not reach operating temperature within acceptable limits. Upstream oxygen sensor
response slower than minimum required switching frequency. Engine coolant temperature
sensor above or below acceptable voltage. Intake air temperature sensor input above or below
acceptable voltage.. Throttle position sensor input above or below acceptable voltage. A
shorted or open condition detected in one or more of the idle air control motor circuits. An open
or shorted condition detected in the EGR solenoid circuit. An open or shorted condition
detected in the duty cycle purge solenoid circuit. An open or shorted condition detected in the
Speed Control vacuum or vent solenoid circuits. Relationship between engine speed and
vehicle speed indicates no torque converter clutch engagement. An open or shorted condition
detected in the torque converter part throttle unlock solenoid control circuit. An open or shorted
condition in the generator field control circuit. An open or shorted condition detected in the
auto shutdown relay circuit. Peak primary circuit current not achieved with maximum dwell
time. Misfire detected in one or more cylinders 1 thru 6. Battery temperature sensor in voltage
above or below acceptable range. Overdrive solenoid - open or shorted condition detected in
overdrive solenoid circuit. Battery voltage sense input above target charging voltage during
engine operation. Battery voltage sense input below target charging during engine operation.
O2 sensor. PCM Internal fault condition detected. No camshaft signal detected during engine
cranking. Completion of fault code display on Check Engine lamp. Catalyst efficiency below
required level. Same as code Power steering high pressure seen at high speed. Fuel pump
resistor bypass relay. Malfunction detected with poser feed to speed control servo solenoids. If
you are serious about taking your ZJ off-road, a lift is one of the first items that you will be
considering. There are a number of lift kits to choose from. They range from simple spring
spacers to full-blown spring lifts with new controls arms and track bars. Off course, the more
radical the lift, the more it will cost. A number of Grand Cherokee owners have opted for an
inexpensive alternative, the front-to-back spring swap, which will net about 3" of lift. The idea of
this lift is to replace the rear springs with the front, and then put a higher rate spring with a poly
spacer in the front. These can be purchased through a Jeep dealer. That, together with a new 2"
spacer will give you 2. I opted to purchase used springs from a local salvage yard for my Grand
Cherokee Laredo. They were taken from a rear-ended '95 Grand Cherokee with the V There were
only 2 ZJ's to pick from, and neither one of them had the Up-Country springs. My Grand
Cherokee has the 4. The day before I planned to perform the lift, I stopped by my local auto
parts store to rent a spring compressor. They informed me that as of the previous week, they
were no longer renting equipment. But, they would sell me their one and only used spring
compressor. Placement of front jack stand. First order of business was to jack my Jeep up and
support it adequately with the jack stands. The ZJ has some reinforced support points on the
unibody, just aft of the front tires and in front of the rear tires. After jacking the vehicle up, I
placed the jack stands under these points and lowered it down onto the stands. After removing
the wheels, I finished lowering the axles and removed the jack. The Jeep was now supported
completely by the jack stands under the body. Beginning at the front, I removed the sway bars.
You will need the T55 Torx to do this. If you have not already installed quick disconnects, you
may want to consider installing them during this lift. I then disconnected the lower bolts of the
shocks. It may be helpful to stick the jack under the axles and lift them a little while unbolting
the shock bolts, as the shocks will probably be fully extended, with the weight of the axle on
them. My axle dropped a couple more inches after removing the shock bolts. You will now need
to unbolt the ABS line bracket from the axle, being careful with the line. You can now access the
single bolt for the spring clamp. Remove it. After you have accomplished the above, on both
sides of the front axle, it is time to compress those springs and remove them. There are a
couple different ways that this can be done. For me, the easiest way was to jack one end of the
axle up, mount the spring compressors good and tight, compress a few turns, then lower the
jack. The spring should then be short enough to be taken out with care. Slip the old spring out
towards the front, lay it on the ground or workbench, and carefully release the compressor. If
you are installing a poly spacer and extended length shocks, you will need to install the longer
bump stop. To remove the old rubber spacer, first remove the old bump stop by prying it out
with a screw driver. It is just pressed into the metal cup. Then, remove the cup with a socket.
The old spacer will now slide right off. I found that if I put a little grease on the inside surface of
the new poly spacer, it slid onto the bump stop tower much easier. Then I slid the old spacer
onto the tower, after the new spacer. This way the spring will seat against the softer, more
pliant, rubber of the original spacer. I found it very difficult to reinstall the spring with the new
bump stop already installed. It was much easier to leave it off and to use some tape to hold it on

the inside of the spring as I reinstalled the spring. Once I had the spring into place and
compressors removed, I was able to install the bump stop cup by reaching through the spring
with a socket and ratchet to bolt the cup back on. I then used a small crow bar to squeeze the
bump stop back into the cup. Now you can reverse the order of disassembly. Bolt the spring
retainer back in place, re-install the ABS hose bracket and hose, and bolt the shocks back on. If
you elected to go with the quick disconnects, now is the time to install them on the sway bar.
Otherwise, bolt the sway bar back onto the axle. The rear is essentially the same process,
except it is a little easier to maneuver the spring in and out of place because there are fewer
obstacles. One common off-road enhancer, is the removal of the rear sway bar. This is a good
time to take it out and hang it in the garage. Some people have reported problems with the top
coils of the spring rubbing the body pinch-weld, which is right alongside the spring. This may
be due to the top of the coil being a little larger than the original rear coil. I have not had this
problem, but if you do, a few light taps with a hammer should bend the pinch-weld out of the
way so as to avoid the rubbing. I did not experience any objectionable axle shift. As you raise
the vehicle, the track bar will pull the axle to one side. This can be corrected by installing an
adjustable track bar or drilling a new mounting hole in the track bar bracket on the axle. You will
likely need to have your alignment checked, as this lift will change your caster. The net result of
this lift was a full 2. To level the vehicle out, you may want to add an additional stock spacer up
front or go with the Up-Country springs. I found that when I loaded the ZJ up, with my family
and camping supplies, the vehicle sits nice and level. I blocked out a whole day to perform the
lift, so that I would not feel rushed and could do it properly. The lift took a total of 4 hours to do.
I would consider myself a medium-level shade tree mechanic. Adjust your projected time
accordingly. Driving impressions? The ride was definitely stiffer, which was a welcome
improvement in my case. Now the ZJ doesn't wallow around as much as it did before the lift.
Randolph has tons of mud, and a number of steep hills with rock ledges scattered around for
good measure. Drive Shaft Hill is one such hill. After a very steep, rocky climb, there is a turn to
the right and a rock ledge just at the top. I was able to take the steepest part of the ledge without
scraping my underbelly. Before, I would have scraped the transfer case skid plate pretty good.
Replacement MAF unit.. Gen1 cigarette lighter port. Sway Bar delete.. Copyright c OutdoorWire,
Inc and MUIRNet Consulting - All Rights Reserved, no part of this publication may be
reproduced in any form without express written permission You may link freely to this site, but
no further use is allowed without the express written permission of the owner of this material.
All corporate trademarks are the property of their respective owners. Getting a lift from the
springs you already have. Flatlanders Jeep Club Dept. Grand Cherokee Connection Dept.
Rusty's Off Road Dept. New Topics on TrailTalk. Recent Posts on TrailTalk. Forum Rules.
Actuators AllVapeBrands. Reader Rides. Thread: 95 ZJ Build. Plan on getting the KM2's next. I
have trimmed the bumper and will trim out the wells when I get the tires. It's on it's way. I will
have, hopefully, the RE 3. The start of the tear down. Re: 95 ZJ Build Great platform. I've built 2
ZJs and waiting on my cousin to get some money so we can build some more on his. It's got a
2" BB and 31s so far. This thread needs more photos. Re: 95 ZJ Build Got under the front end
and discovered that all of my bushings are trashed. Got the Rusty's 2" BB installed this
weekend. Also went with JKS quicker discos. Attached Thumbnails. Join Date Sep Posts I have
a 97 zj awd. I was wondering with the 2" lift if you had any vibrations? Re: 95 ZJ Build. Re: 95 ZJ
Build Chopped the fenders to make room for the new 32s. Join Date May Posts 5. Re: 95 ZJ
Build Looks good so far! When you cut the fenders back like that do you need to fabricate it at
all to 'seal' the outer fender and 'skeleton' fender or does it just cut off? I have a 98 ZJ I Just got
an am looking forward to upgrading it! Forum related. Replies: 3 Last Post: , PM. Replies: 10
Last Post: , PM. Buy or build my 2. By piratessoul in forum Wrangler and CJ. Replies: 8 Last
Post: , PM. By Boze in forum Wrangler and CJ. Replies: 10 Last Post: , AM. Replies: 6 Last Post:
, PM. Join thousands of other Jeep fans as we tackle Wrangler problems and more. You'll be
able to meet friends, as well as get help repairing and upgrading your Jeep. All times are GMT
The time now is PM. Log in Remember Me? Log in Forgotten Your Password? Don't have an
account yet? Listen Live. Should Kitchen Appliances All Match? Looking for a way to stay
creative and engaged? Hoping to make new friends and have TONS of fun? Join the
Empowered Players for their virtual spring season! Sign up today here! Told through their Zoom
calls to friends and families, this online series shares the stories of residents and staff of an
assisted living facility. The series is based on a play written by local artist, Larry Goldstein,
which was on the verge of being produced when the pandemic struck. Often lost in the rush to
properly venerate hospital personnel on the COVID front lines, these caregivers see and feel the
pandemic even more acutely, all while juggling the emotions it brings and the realities of their
own lives. Any donations are appreciated but not required. Class begins with 45 minutes of
dance fitness provided by certified instructors. Enjoy a great mix of pop, Latin, and African

music. Each week we will finish with 15 minutes of health and wellness discussion focused on
self-care. All ability and experience levels are welcome to join us for lighthearted and FUN
dance fitness! This virtual program can be accessed by Zoom online and by a toll-free phone
number. Register to receive details. Find out more here! Governor Northam is easing some of
the restrictions, starting March 1, imposed prior to Thanksgiving. Saying there's nothing in
Charlottesville's credit card spending policy that can be enforced, Commonwealth's Attorney
Joe Platania in a letter to City Manager Chip Boyles writes there will be no criminal prosecution
of Mayor Nikuyah Walker's use of a city credit card. Faulty intelligence was to blame for the
outmanned Capitol defenders' failure to anticipate the violent mob that invaded the iconic
building and halted certification of the presidential election on Jan. The wife of Mexican drug
kingpin Joaquin "El Chapo" Guzman was arrested in the United States and accused of helping
her husband run his multibillion-dollar cartel and plot his audacious escape from a Mexican
prison in The viral pandemic has triggered a cascade of price hikes throughout America's auto
industry â€” a surge that has made both new and used vehicles unaffordable for many. Extreme
winter weather is dealing the first major setback to the Biden administration's planned swift
rollout of coronavirus vaccines just as the national vaccination campaign was hitting its stride.
Facebook announced Tuesday that it would lift a ban on Australians viewing and sharing news
on its platform after it struck a deal with the government on proposed legislation that would
make digital giants pay for journalism. New York City Omeisha Snape mother made the decision
to keep her six children home in the fall when given the option of some in-person learning, and
she's heard nothing to change her mind about continuing remote learning for the rest of the
school year. The Gasparilla parade annually draws hundreds of thousands of people as beads
and other trinkets are thrown from floats, some resembling pirate ships and firing cannons. It
runs along Tampa Bay on Bayshore Boulevard. Golf star Tiger Woods suffered leg injuries
Tuesday in a vehicle rollover in suburban Los Angeles and was undergoing surgery, authorities
and his manager said. Mandy Moore is officially a mom. Grammy-winning electronic music
pioneers Daft Punk have announced that they are breaking up after 28 years. With Russia's
name banned from the next two Olympics, the country's team and athletes will be officially
branded as "ROC," the International Olympic Committee said Friday. Less than a month ago the
Grammy winner birthed her second child, Noah; she celebrated her milestone 40th birthday last
week; and on Friday she's dropping a new EP, simply titled "K. They already knew she looked
good in a coat. So the designers at Proenza Schouler decided to dress Ella Emhoff â€” art
student, knitwear designer, fledgling model and stepdaughter of Vice President Kamala Harris
â€” in a couple of coats plus a pantsuit for her modeling debut in their new collection, unveiled
Thursday for New York Fashion Week. Many of the millions of Texans who lost power for days
after a deadly winter blast overwhelmed the electric grid now have it back, but the crisis was far
from over in parts of the South, with many people lacking safe drinking water. Teacher of the
Month. First Responders. How to Listen to Z City of Charlottesville's Fix-A-Leak. Rhode Island is
the smallest state in land but has the most of this. What is it? Impossible Trivia Rhode Island is
the smallest state in land but has the most of this. Blog Posts No Pants Friday! National 23
hours ago in National , Trending Capitol defenders blame bad intelligence for deadly breach.
Either way, price hikes squeeze US auto buyers. Lifestyle 1 day ago in Lifestyle , National New
or used? Tampa delays Gasparilla pirate festival until Trending 20 hours ago in Sports ,
Trending Tiger Woods suffers leg injuries after California car crash. Now Playing. Find The
Silver Lining. Like us on Facebook! Inorganic arsenic exposure may be associated with
diabetes, but the evidence at low-moderate levels is not sufficient. Polymorphisms in
diabetes-related genes have been involved in diabetes risk. We evaluated the association of
inorganic arsenic exposure on diabetes in the Hortega Study, a representative sample of a
general population from Valladolid, Spain. Total urine arsenic was measured in 1, adults. Urine
arsenic speciation was available in randomly selected participants. To account for the
confounding introduced by non-toxic seafood arsenicals, we designed a multiple imputation
model to predict the missing arsenobetaine levels. The prevalence of diabetes was 8. The
geometric mean of total arsenic was The findings support the role of arsenic on diabetes and
the importance of controlling for seafood arsenicals in populations with high seafood intake.
Suggestive arsenic-gene interactions require confirmation in larger studies. In a general
population from Spain with low-moderate inorganic arsenic exposure, increased arsenic
exposure, assessed as urine arsenic concentrations, was associated with higher diabetes
prevalence. The reported association was stronger after adjustment for urine arsenobetaine
reflecting the importance of accounting for seafood consumption in populations with high
seafood intake. Carriers of specific genotypes may have increased susceptibility to
arsenic-related diabetes, although larger studies are needed to confirm these suggestive
findings. Epidemiological studies support that people with higher inorganic arsenic exposure

levels are more likely to have diabetes Navas-Acien et al. Moreover, most studies have been
conducted in Asia and the Americas, with very few studies on arsenic and diabetes being
conducted in Europe. Epidemiological studies in diverse populations are needed given the
elevated burden of diabetes, a world-wide rapidly growing disease World Health Organization
The sum of urine concentrations of inorganic arsenic arsenite AsIII plus arsenate AsV and its
methylated species monomethylarsonate MMA and dimethylarsinate DMA is an established
biomarker of inorganic arsenic exposure in populations with low seafood intake Navas-Acien et
al. People are exposed to inorganic arsenic mainly through drinking contaminated water
National Research Council and through food intake Wei, Zhu, and Nguyen Organic arsenic
species, such as arsenobetaine Asb , arsenolipids and arsenosugars, are mostly found in
saltwater finfish and shellfish and are considered not harmful to human health Mozaffarian and
Rimm Among the seafood arsenicals, arsenobetaine is the most common compound, which is
rapidly cleared from the bloodstream and excreted unchanged in the urine Molin et al.
Arsenosugars and arsenolipids are metabolized in the body resulting in multiple metabolites in
the urine, including DMA, and contributing to the total amount of inorganic arsenic species. As
a result, in the presence of seafood intake, it is necessary to account for the potential residual
confounding of organic arsenic in the interpretation of urinary arsenic concentrations as a
biomarker of inorganic arsenic exposure Navas-Acien et al. The objective of this study was to
evaluate the association of inorganic arsenic exposure, assessed as total urinary arsenic
concentrations, with the prevalence of type 2 diabetes in a population from Spain with relatively
high seafood consumption. We thus developed and implemented a multiple imputation model
based in Markov Chain Monte Carlo MCMC methods using Gibbs sampling to account for the
potential residual confounding by organic arsenicals in the whole study population. Given the
well-established role of genetic variation on diabetes traits Mahajan et al. The Hortega Study
uses a complex sampling design to obtain a representative sample of the general population.
The sampling design and methodology have been previously described Mena-Martin et al. In
â€”, baseline information on socio-demographic, behavioral, dietary and other health-related
factors were collected from in-person interviews, examinations, and review of health records
see e-Appendix 1. A total of 1, individuals had sufficient urine and plasma samples available for
metal determinations. After excluding 21 participants with missing total arsenic concentrations,
2 missing urine creatinine, 10 missing seafood intake, and 18 missing other relevant covariates,
1, participants were included in the present study. Urine arsenic determinations were conducted
by the Laboratory of Analytical and Bioanalytical Chemistry of Huelva University Spain in Asb
and DMA levels below the limit of detection 12 and 1 undetectable values, respectively were
imputed by the limit of detection divided by the square root of 2 Hornung RW and Reed LD Total
plasma arsenic levels were measured in the whole study population in by atomic absorption
spectrometry with graphite furnace at Cerba International Laboratories Ltd. See limits of
detection in e-Appendix 2. We used the arsenic speciation information available in the random
subsample to generate 5 complete datasets for the 1, participants in which the Asb values
missing completely at random where imputed as the 30 th , 40 th , 50 th , 60 th and 70 th
percentiles of each subject-specific posterior distribution obtained from a MCMC by Gibbs
sampling nested linear model Tellez-Plaza et al. Thus, we incorporated the correlation of total
plasma arsenic, DMA and Asb conditionally in our imputation model. As a result, the MCMC
arsenobetaine imputation model consisted of a tri-variate model with nested equations for Asb,
DMA and total plasma arsenic, each based on strong predictors selected by a backward
stepwise process starting from total urine concentrations and a list of socio-demographic and
established arsenic exposure determinants age, gender, smoking status, cotinine, body mass
index, seafood, rice and chicken consumption e-Appendix 3 , e-Table 1. For Asb and DMA, the
predictive equations were standard linear models, whereas for total plasma arsenic the
predictive equation was a tobit linear model for truncated data. We conducted a post-hoc
validation process to measure the predictive error of the MCMC imputation model using data
from the Aragon Workers Health Study, an independent dataset with data on total urine arsenic,
urine arsenic species and total plasma arsenic e-Appendix 4 and e-Table 2. All participants
provided blood samples after an average time of 3 hours from fasting range 0â€” Plasma
glucose was measured by an automated analyzer based on the glucose oxidase method. We
selected candidate genes, including single nucleotide polymorphisms SNPs , which were
related with diabetes metabolic pathways. The complete list of the selected genes and SNPs is
provided in e-Table 3. Due to the different selection probabilities of the Hortega Study
participants, all analyses were weighted to the underlying adult population aged 20 or older.
Total urine arsenic and Asb concentrations were divided by urine creatinine and
log-transformed for statistical analyses. Model 1 was adjusted for age, gender and education.
Model 2 was further adjusted for urine cotinine levels, smoking status, alcohol consumption,

fish consumption and residence place. Model 3 was additionally adjusted for urine Asb levels.
Total urine arsenic was modeled as tertiles and as restricted quadratic splines see e-Appendix
5. We also explored whether the association between diabetes and arsenic was modified by
gender, smoking status, abnormal albuminuria and reduced glomerular filtration rate status by
including the interaction term of continuous total urine arsenic and the corresponding group
variable in fully-adjusted models. Gene-environment interaction analyses were conducted by
including each SNP and its interaction term with total urine arsenic levels. For each SNP, we
estimated three separate models assuming dominant, recessive and additive inheritance. If only
one model showed statistically significant SNP-arsenic interactions, we reported the
associations in strata defined by the corresponding genotypes for this specific model. In cases
where more than one model met statistically significant SNP-arsenic interactions, we reported
the best fitting model selected by comparing to a general model that included separate dummy
variables for the heterozygote and minor allele homozygote reference major allele homozygote.
After the imputation of Asb and DMA missing completely at random and plasma arsenic levels
below the detection limit, we obtained 5 databases with complete data for total urine arsenic
and Asb concentrations. All statistical analyses above described were performed in each of the
5 data sets, and the results were combined using the method proposed by Rubin for multiple
imputation procedures Rubin In sensitivity analysis, we also evaluated the association of urine
total arsenic and the sum of inorganic and methylated arsenic species in urine with diabetes
within the subset of individuals with arsenic speciation data e-Table 4. See e-Appendix 5 for
additional sensitivity analyses. All statistical tests were two-sided. Among the 1, participants, 8.
Participants with type 2 diabetes were more likely to be men, older, former smoker, with lower
education and to have lower fish intake. The overall geometric mean of total plasma arsenic and
total urine arsenic in the complete study population were 2. The overall geometric mean of the
sum of inorganic arsenic species, i. Participants with diabetes were older and showed higher
values of all arsenic biomarkers 3. We found a positive significant association of total urine
arsenic with diabetes prevalence before and after adjustment for arsenobetaine concentrations
Table 2. The analyses repeated in the random subsample with originally measured arsenic
species showed consistent findings e-Table 4. Flexible models based on splines confirmed that
multivariable adjusted odds ratio were higher after adjusting for Asb model 2 versus model 3
Figure 1. No significant differences for the odds ratio of diabetes were found for gender,
ever-smoking status and abnormal albuminuria subgroups Table 3. Curves represent the odds
ratios for type 2 diabetes based on restricted quadratic splines with knots at the 10 th , 50 th ,
and 90 th percentiles The reference was set at the 10 th percentile of the total urine arsenic
distribution. In gene-environment interaction analyses, while no polymorphism showed
significant interactions with total urine arsenic after correcting for multiple comparisons,
several genotypes showed marginally significant differential associations with diabetes Figure 2
and Table 4. P-values for SNPs derived from linear regression models dominant, recessive and
additive model adjusted for age, sex, education, urine cotinine levels, smoking status, alcohol
consumption, fish consumption, residence place and log-transformed arsenobetaine, are
presented on the left Y axis on the logarithmic scale according to the position of the SNPs on
chromosome X axis. The horizontal solid line corresponds to a nominal p-value of significance
equal to 0. Horizontal dashed line corresponds the effective SNP number corrected p-value
equal to 0. Odds ratio for diabetes comparing the 80th and 20th percentiles of urine arsenic
distributions We found a positive association between increasing levels of total urine arsenic
and the prevalence of type 2 diabetes in a representative sample of Spanish adults
characterized by exposure to low arsenic levels. Our results support the relevance of adjusting
for arsenobetaine levels in populations with high seafood consumption in order to estimate the
association with arsenic exposure not derived from seafood. We also observed suggestive
statistical interactions of urine arsenic levels with genetic variation in several genes involved in
diabetes metabolic pathways, especially genes involved in regulation of oxidative stress
response or inflammation. The arsenobetaine levels in our study population median: In
populations with low seafood consumption, subtracting arsenobetaine concentration from total
urine arsenic levels may provide a valid estimate of inorganic arsenic, since it removes the most
common part of organic arsenic in seafood Steinmaus et al. In populations with high seafood
consumption, however, this approach may not be sufficient to remove the contribution of other
seafood organic arsenic compounds, such as arsenosugars and arsenolipids and their
metabolites, including DMA Navas-Acien et al. Arsenobetaine is specific to seafood, it is
excreted in the urine untransformed, and it is correlated with other seafood arsenicals. Using
arsenobetaine as a covariate in the statistical regression models can thus indirectly control for
other seafood arsenic species and their metabolites Navas-Acien et al. Our study participants
were recruited between and in Valladolid, in central Spain. Most participants were most likely

exposed to low levels of inorganic arsenic in drinking water. It is possible, however, that some
participants coming from rural areas could have been exposed to moderate-high arsenic levels
from the groundwater. Several epidemiologic studies have found positive associations between
arsenic exposure levels and diabetes in adults, both cross-sectionally Navas-Acien et al. In the
US, increasing levels of urine arsenic were associated with increasing odds of diabetes after
adjustment for urine arsenobetaine Navas-Acien et al. Studies using biomarkers of arsenic
exposure also found positive relationship between arsenic and incident diabetes in Colorado
James et al. Experimental evidence supports the role of arsenic as a diabetes risk factor. In
rodents, exposure to arsenic through contaminated water has shown to induce insulin
resistance Palacios, Roman, and Cifuentes and beta-cell dysfunction Liu et al. The liver is the
major target organ of the regulation of arsenic exposure and metabolism levels, and several
experimental studies have demonstrated that chronic arsenic exposure induces severe toxic
effects in the liver Santra et al. The liver also plays a major role in the regulation of glucose
metabolism Cotrozzi et al. In vivo evidence suggests that arsenic-induced diabetes may be
mediated by increased oxidative stress in hepatic and pancreatic tissue Patel and Kalia
Interestingly, in our gene-environment interaction analysis, we observed differential
associations of arsenic with polymorphisms in genes involved in redox-related pathways,
including SNPs in TXN and GCLC, genes that are highly expressed in the pancreas and liver
Diaz, Krejsa, and Kavanagh ; Tran et al. Some studies, however, support a potential biological
link between proteins encoded by these genes and arsenic. A positive correlation was observed
between serum thioredoxin1 TXN1 and total water arsenic intake or urinary arsenic species in
humans Li et al. Arsenic inhibits thioredoxin reductase, and this may contribute to TXN
oxidation Lin et al. Another mechanistic study showed that arsenic exposure can disrupt the
GCLC expression, since low arsenic exposure increased the expression of GCLC in liver tissues
of rats while high arsenic exposure levels reduced its expression Ren et al. Several lines of
evidence support that IL8RA inhibitors play a key role in the etiopathogenesis of type 1 diabetes
Diana et al. Interestingly, an experimental study found that urothelial cells chronically exposed
to trivalent monomethylarsonate showed an over-expression of IL8 Escudero-Lourdes et al.
Despite the limited power to detect interactions at the Bonferroni-corrected level, we found
marginally significant associations for some polymorphisms, which, given the biological
relevance on diabetes-related pathways, should be evaluated in larger studies. There are limited
studies evaluating the interaction of genetic variation and arsenic on diabetes. Additional and
larger prospective studies, especially with an extensive panel of candidate genes, are needed.
One of the limitations of our study is the cross-sectional design, which cannot determine the
direction of the associations. Elevated arsenic exposure levels could increase diabetes risk by
inducing liver damage, as well as liver dysfunction related to diabetes might influence arsenic
metabolism and result in higher arsenic excretion in the urine Ahmadieh and Azar Another
limitation is the use of one single urine sample given the within-subject variability in urinary
arsenic excretion. Our study has also some strengths, including the complex sampling design;
the adjustment for relevant diabetes risk factors, potential confounders and markers of seafood
intake; the use of a multiple imputation model to adjust total urine arsenic for arsenobetaine,
which enabled the use of urinary arsenic as a proxy for inorganic arsenic exposure; and the
availability of SNPs in candidate genes for gene-environmental evaluation. In conclusion,
arsenic exposure was associated with increased prevalence of type 2 diabetes in a general
population from Spain. Our findings support the hypothesis that arsenic plays a biological role
as a diabetogenic risk factor. Our analytical strategy also shows the importance of controlling
for seafood arsenicals in populations with high seafood consumption. While the evaluated
gene-environment interactions were only close to statistical significance after multiple
comparisons correction, and should be only considered exploratory, our results provide the
basis for gene-environment interaction studies in larger epidemiologic studies. Conflict of
interests: All authors declared that they do not have any conflict of interest. The computing
code for other statistical models is available upon request to the corresponding author. The
individual-level data are not available as the steering committee and the participants did not
approve unrestricted data sharing at the time of ethical approval of the study and data sharing
was not included in the consent form. National Center for Biotechnology Information , U.
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