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CASE REPORTS

A case of secondary diabetes mellitus associated with
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ABSTRACT

Chronic arsenic exposure leads to systemic illness involving multiple organ systems, and has been associated with the development
of diabetes mellitus (DM). While the majority of the literature surrounding arsenic-induced DM is from areas where the arsenic
content of drinking water is high, population-based studies in North America have shown a similar association. Here, we present
a case of newly-diagnosed DM thought to be secondary to chronic arsenic exposure. The patient was a previously healthy
54-year-old female who presented with progressive fatigue, weight loss and anorexia, and eventually developed colitis, cachexia,
skin eruptions, and alopecia. She was also diagnosed with DM, and treatment was complicated by episodes of severe hyper- and
hypoglycemia. She was evaluated for autoimmune, rheumatologic, oncologic, and infectious etiologies of her symptoms, all
of which were negative. Also negative was an extensive workup for secondary causes of DM. During her final hospitalization,
she underwent a workup for heavy metal toxicity, which revealed elevated serum (11 mcg/L, reference range < 5 mcg/L) and
urine (233.5 mcg/gram creatinine, reference range < 50 mcg/gram creatinine) arsenic levels. A diagnosis of arsenic toxicity
was made, and the patient underwent chelation therapy with British anti-Lewisite (BAL). This is an interesting case of DM that
was thought to be secondary to chronic arsenic exposure. While BAL was effective at lowering arsenic levels, we were unable
to observe clinical improvement due to the patient’s death shortly after completion of therapy. In cases where other secondary
causes of DM are ruled out, it may be prudent to evaluate for heavy metal toxicity to allow for early diagnosis and initiation of
treatment. Further studies are needed to determine the efficacy of different treatment strategies for arsenic-induced DM, and
whether resolution of arsenic toxicity will reverse the diabetogenic effects.
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1. INTRODUCTION

Chronic arsenic exposure has been identified as a secondary
cause of diabetes mellitus (DM). While the majority of the
literature surrounding arsenic-induced DM has involved ar-
eas in Taiwan and Bangladesh where the arsenic content

of drinking water is high,[1–4] there have been several other
population-based studies in North America that have shown
a similar association.[5–9] Here, we present a case of newly-
diagnosed DM that was thought to be secondary to chronic
arsenic exposure.
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2. CASE REPORT

A 54-year-old Taiwanese female was admitted to the hospital
for the fourth time in five months for progressive fatigue,
weight loss and anorexia, along with diarrhea, abdominal
pain, and a diffuse skin eruption. Prior to her initial hospital

admission, the patient was healthy with no notable medical
history. The patient was a homemaker and had no recent
travel history or sick contacts. She had no known allergies,
family history related to her presenting symptoms, nor his-
tory of tobacco, alcohol or illicit drug use. Details of the
three preceding hospitalizations are outlined in Table 1.

Table 1. Timeline of hospitalizations
 

 

Hospital Admissions Hospital Course 

First admission 
(Month 0) 

Infectious etiologies of colitis ruled out 
Colon and rectum biopsies: diffuse active colitis 
Renal biopsy: interstitial nephritis and acute tubular necrosis 
Prednisone for cutaneous and colitis symptoms, outpatient hemodialysis  

Second admission 
(Month 2) 

New hyperglycemia, hemoglobin A1c = 6.5% 
Rheumatoid factor, ANA = negative 
Skin biopsy: interface dermatitis, hyperkeratosis, pigment incontinence 
Abdominal CT: atrophic pancreas, extensive pancolitis 
Prednisone and infliximab for colitis, TPN with regular insulin for malnutrition and hyperglycemia 

Third admission 
(Month 3) 

Weakness with shortness of breath shortly after starting infliximab, admission BNP = 1,460 pg/ml 
Chest x-ray: bilateral pleural effusions 
Abdominal CT: generalized anasarca and moderate ascites 
Diffuse rash still present with scaling, new finding of vitiligo 
Developed multiorgan failure requiring intubation and vasopressor therapy, resolved prior to hospital 
discharge 
Discontinue infliximab due to sepsis, start mesalamine and continue prednisone for colitis, continue TPN 
with regular insulin for malnutrition and hyperglycemia 

Present admission 
(Month 5) 

Note. NA: antinuclear antibodies; BNP: brain natriuretic peptide; CT: computed tomography; TPN: total parenteral nutrition. 

Table 1 depicts the timeline of hospitalizations from initial
presentation (first admission, month 0) up until the final
hospitalization in the present report (month 5). Pertinent
information from each hospital admission is outlined under
Hospital Course.

During her initial hospitalization, it was felt that her skin
eruption could have been related to an outpatient course of
amoxicillin that she received for a tooth infection, or to chela-
tion therapy that she had started for her symptoms (presumed
to contain ethylenediaminetetraacetic acid). She was found
to have extensive colitis upon colon and rectal biopsies, and
was started on oral steroid therapy for suspected ulcerative
colitis. The patient was also found to have acute kidney in-
jury (serum creatinine = 4.9 mg/dl, blood urea nitrogen =
68 mg/dl). Renal biopsy revealed interstitial nephritis with
acute tubular necrosis, and she was scheduled to receive
hemodialysis on an outpatient basis.

Her subsequent hospitalizations were highlighted by worsen-
ing colitis, which eventually warranted treatment with inflix-
imab, and continued diffuse skin eruptions which evolved

to include depigmentation and alopecia. The patient even-
tually developed sepsis and multi-organ failure, which re-
quired discontinuation of infliximab therapy. Multiple dis-
ease processes were investigated to determine the etiology
of her progressive symptoms. These included autoimmune,
rheumatologic, oncologic, and infectious etiologies, all of
which were negative.

Five months after the initial hospitalization, the patient was
once again hospitalized for continued weakness, nausea and
diarrhea. On physical exam, she was found to be cachectic
with diffuse muscle wasting (see Figure 1A), actual body
weight was 40 kg (body mass index, 16.1 kg/m2 ). There was
no pallor, icterus, proptosis, thyromegaly, or edema. Skin
examination was significant for non-scarring alopecia (see
Figure 1B), generalized maculopapular skin eruption with
desquamation on head, trunk and extremities (see Figure 1C),
hyperkeratosis of palms and soles of feet, and yellow thicken-
ing of her nails with prominent Mee’s lines (see Figure 1D).
Abdominal examination revealed hyperactive bowel sounds,
mild tenderness to deep palpation, but no rebound tenderness
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or guarding. Neurologic examination was notable for absent
deep tendon reflexes and hyperesthesia affecting upper and

lower extremities in a symmetrical pattern. The remainder
of the physical examination was unremarkable.

Figure 1. Physical findings of arsenic toxicity

Figure 1 displays the physical findings of arsenic toxicity
in the present case. Panel A depicts diffuse muscle wasting.
Panel B depicts hypopigmented guttate macules superim-
posed on hyperpigmentation. Panel C depicts Mee’s lines
present as white bands traversing the width of the nail. Panel
D depicts non-scarring alopecia.

Hyperglycemia developed during her second hospitalization
(fasting blood glucose = 483 mg/dl, hemoglobin A1c = 6.5%),
and the diagnosis of DM was made at that time. Autoim-
mune causes of DM were ruled out (anti-islet cell and anti-
glutamic acid decarboxylase antibodies were both negative),
and therefore her DM was initially thought to be secondary
to corticosteroid administration and the use of continuous
tube feeds. Throughout the course of her subsequent hos-

pitalizations, however, treatment was complicated by wide
blood glucose fluctuations with severe hypoglycemia despite
small subcutaneous insulin doses. As a result, an extensive
workup for secondary causes of DM was pursued. Diagnostic
evaluation for pancreatitis, pheochromocytoma, acromegaly,
glucagonoma, somatostatinoma, and hyperthyroidism were
each found to be negative, and an octreotide scan revealed
no sign of a neuroendocrine tumor (see Table 2). Of note,
she was found to have an undetectably-low C-peptide level
(< 0.1 ng/ml, reference range 0.8-3.1 ng/ml) in the setting of
hyperglycemia (serum glucose 384 mg/dl, reference range
74-106 mg/dl).

As a result of the patient’s complex presentation and her
failure to improve despite aggressive supportive care, an in-
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terdisciplinary conference was convened. At that time, heavy
metal poisoning was considered as a possible cause of her
signs and symptoms. Testing for heavy metals revealed an
elevated urine arsenic level of 233.5 mcg/gram creatinine
(reference range < 50 mcg/gram creatinine) and serum ar-
senic level of 11 mcg/L (reference range < 5 mcg/L). At this
point, chronic arsenic toxicity as a secondary cause of DM
was considered. Chelation therapy with British anti-lewisite
(BAL, dimercaprol) was immediately initiated at 100 mg
(2.5 mg/kg body weight) every six hours for two days, then
100 mg every 12 hours for three days, then 100 mg every 24
hours for ten days. Serum arsenic levels were undetectable
after five days of starting chelation, and urine levels were un-
detectable after seven days. For management of her arsenic-
induced diabetes, she received insulin therapy throughout her
multiple hospitalizations. Glycemic control was extremely la-
bile with prolonged periods of both hyper- and hypoglycemia
throughout her hospitalization, but control was somewhat
improved following normalization of serum and urine ar-
senic levels. The patient was transferred to a skilled nursing
facility for rehabilitation following BAL therapy, and died
shortly thereafter.

3. DISCUSSION
Arsenic is a naturally occurring metalloid found commonly
in the earth’s crust. Organic arsenic compounds, such as
those present in seafood, are rapidly eliminated through the
urine and pose little health risk, whereas inorganic arsenic
(iAs) is considered toxic.[10] While humans may be exposed
to iAs through food, dust, and ambient air, the primary source
of illness is via consumption of contaminated drinking water
or food that is prepared in or irrigated by this water.[11]

The term arsenicosis is used to describe the chronic toxicity
and resulting illness caused by long-term exposure to arsenic.
The manifestations of acute arsenic exposure are generally
limited to the gastrointestinal tract, and include severe diar-
rhea, nausea, vomiting, and abdominal pain.[11] If the source
of arsenic is not removed, additional signs and symptoms
develop, with specific toxicities depending upon the level
and duration of exposure.[12] Dermatological features are
generally one of the initial signs of arsenicosis, and often
presents as keratosis of the palms and soles, along with a
characteristic “raindrop” pattern of hyperpigmentation on the
trunk and extremities.[11, 12] Arsenicosis has also been asso-
ciated with the development of peripheral neuropathy, bone
marrow suppression, hypertension, cardiovascular disease,
and various malignancies, among others.[13–17]

In addition to the aforementioned toxicities, arsenicosis is a
well-documented secondary cause of DM. Historically, the
evidence describing the association with arsenic exposure

and prevalence of diabetes came from community-based stud-
ies in Taiwan and Bangladesh, where people were exposed to
drinking water contaminated with arsenic.[1–4] More recently,
evidence from the United States, Mexico and Canada have
supported this association,[5–9] and a recent meta-analysis
found that every 100 mcg/L increment of iAs in drinking
water was associated with a 13% increase in the incidence
of diabetes.[18] Additionally, there is emerging evidence that
arsenic metabolism, as opposed to iAs exposure alone, may
play a role in the diabetogenic effects of arsenic.[19]

There are several proposed mechanisms for the deleterious
effects that arsenic has on glucose regulation, many of which
are derived from animal models. Insulin-stimulated glucose
uptake, which is thought to be related to interference with
GLUT4 translocation and insulin receptor phosphorylation,
is one such mechanism.[20, 21] Others include inhibition of
insulin release, which may be related to both direct beta cell
damage and reduced expression of insulin mRNA, as well
as alterations in peripheral insulin sensitivity as a result of
decreased expression of peroxisome proliferator-activated re-
ceptor gamma (PPARγ).[22–24] Conversely, arsenic has been
shown in animal models to inhibit insulin-induced glucose
transport and gluconeogenesis, which may lead to hypo-
glycemia.[25–27] This evidence was supported by a recent
cohort study, which indicated that the metabolic changes as-
sociated with arsenic-induced diabetes have very little over-
lap with those associated with type 1 and type 2 diabetes.[28]

Although these theorized mechanisms may help to guide
how treatment of arsenic-induced DM is approached, the
first steps in treating arsenic toxicity are to provide support-
ive care and to identify and remove the source of exposure.
In patients with suspected arsenic exposure who present
with severe illness, chelation therapy should be started as
soon as possible (i.e., prior to laboratory confirmation), as
treatment within 6 hours of exposure has shown to improve
survival and encephalopathy in animal models.[29] In those
who present without clear signs or symptoms, the decision
to initiate chelation therapy may be postponed until arsenic
exposure is confirmed via hair or urine samples.

In the United States, there are currently only two chela-
tion agents available for treatment of arsenic toxicity; BAL
and 2,3-dimercaptosuccinic acid (DMSA, succimer). Al-
though there are no human trials evaluating the safety and
efficacy of BAL in patients exposed to arsenic, it may be
used via an intramuscular injection for acute toxicity and
dosed based on the clinical severity.[30] However, in addi-
tion to injection site pain, BAL is associated with a high
rate of dose-dependent adverse reactions, which may in-
clude nausea, vomiting, headache, and hypertension.[29, 31–33]
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Moreover, there is a concern that BAL administration re-
sults in redistribution of arsenic into the brain and testes, as
demonstrated in animal models.[34–36]

DMSA was developed as a more hydrophilic analog of BAL,
and therefore is associated with fewer adverse reactions.[37]

In animal models, DMSA was associated with improved sur-
vival and similar arsenic elimination rates as compared to
BAL.[35, 36, 38] However, its efficacy for treatment of arsenic
toxicity is limited to case reports and animal experiments;
the only prospective trial using DMSA in humans, which
was conducted in a small group of people in West Bengal ex-
posed to arsenic-contaminated drinking water, showed no ad-
ditional clinical improvement when compared to placebo.[39]

Additionally, animal models suggest that DMSA may be
inferior to BAL in critically-intoxicated patients or those
with chronic exposure (who will likely have a higher con-
centration of intracellular arsenic) due to the relatively high
membrane permeability of BAL.[36, 38]

The present case provides an excellent example of the clinical
progression of arsenicosis. Following her initial presenting
symptoms of nausea and diarrhea (which are common initial

symptoms of arsenic toxicity), her clinical course eventually
included many of the known features of chronic exposure,
including hyperkeratosis of the palms and soles, hyperpig-
mentation of the trunk and extremities, peripheral neuropathy,
and hyperglycemia. We began chelation therapy shortly after
confirmation of arsenic toxicity via serum and urine levels,
although there was a short lag between identifying the toxi-
city and obtaining the BAL. The decision to use BAL over
DMSA in this patient was based largely upon the patient’s
clinical presentation. Given the fact that multiple organ sys-
tems were involved in the presented case, we felt that it was
likely that she had been exposed to arsenic chronically over
the course of her hospitalizations. As previously discussed,
the evidence suggests that BAL has a higher membrane per-
meability compared to DMSA, and may therefore have better
efficacy in patients with chronic exposure.[36, 38] Indeed, the
patient’s serum and urine arsenic levels dropped below the
threshold for detection by the completion of her course of
therapy. Additionally, the dose of BAL that was used (2.5
mg/kg) was within the recommended range of 2.5-3 mg/kg,
above which dose-dependent adverse effects become more
frequent.

Table 2. Results from evaluation for causes of diabetes mellitus
 

 

Cause Test(s) Performed Test Result Reference Range 

Acromegaly Serum IGF-1 < 25 ng/ml 92-190 ng/ml 

Autoimmune 
Anti-GAD antibodies 
Anti-islet cell antibodies 
Serum C-peptide 

< 1 unit/ml 
Negative 
0.1 ng/ml* 

1 unit/mL or less 
Negative 
0.8-3.1 ng/ml 

Glucagonoma Serum glucagon < 50 pg/ml* 60 pg/ml or less 

Hyperthyroidism 

TSH 
Free thyroxine 
Anti-TPO antibodies 
Anti-thyroglobulin antibodies 

5.08 units/L 
1.15 ng/dl 
29.6 
45.3 units/ml 

0.34-4.82 units/L 
0.89-1.76 ng/dl 
0-60 
0-60 units/ml 

Pancreatitis 
Serum amylase 
Serum lipase 
Abdominal CT 

21 units/L 
162 units/L 
No evidence of acute pancreatitis 

25-115 units/L 
114-286 units/L 
N/A 

Pheochromocytoma 

Fractionated plasma catecholamines: 
Epinephrine 
Norepinephrine 
Dopamine 
Fractionated serum metanephrines: 
Metanephrine 
Normetanephrine 

 
26 pg/ml 
386 pg/ml 
< 30 pg/ml 
 
< 25 pg/ml 
< 74 pg/ml 

 
< 95 pg/ml 
217-1,109 pg/ml 
< 30 pg/ml 
 
< 57 pg/ml 
< 148 pg/ml 

Somatostatinoma 
Serum somatostatin 
Octreotide scan 

23 pg/ml 
No evidence to suggest a somatostatin 
receptor positive tumor 

10-22 pg/ml 
N/A 
 

Note. CT: computerized tomography; GAD: glutamic acid decarboxylase; IGF-1: insulin-like growth factor-1; TPO: thyroid peroxidase; TSH: thyroid stimulating 
hormone. * Serum glucose at the time of testing was 384 mg/dl. 
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Table 2 depicts the results from the evaluation of potential
causes of diabetes mellitus for the present case. For each po-
tential cause, the biochemical test(s) that were performed are
listed herein. While the suppressed C-peptide in the presence
of hyperglycemia suggests beta cell dysfunction, each of the
listed causes of diabetes mellitus were ruled out as shown.

Many of the alternative etiologies for the patient’s signs and
symptoms were ruled out throughout the course of her care,
providing further substantiation that her course of illness
was indeed related to arsenic toxicity. Similarly, we feel
that it was highly probable that the patient’s DM was sec-
ondary to arsenic exposure. Although the initial etiology
was thought to be related to steroid therapy, this is typically
associated with increases in insulin resistance. However,
in the present case, her average daily insulin requirement
was approximately 17 units (0.4 units/kg/day), indicating
that she retained insulin sensitivity. Given the absence of
diabetes-related autoantibodies, we felt that it was prudent
to pursue an evaluation for other secondary causes of DM,
which is depicted in Table 2. Pancreatitis, which may lead
to beta cell dysfunction, was ruled out based on biochemical
and radiographic evaluation. Somatostatinoma, which may
present with a triad of diabetes, cholelithiasis and diarrhea,
and glucagonoma, which may present with a migratory rash,
were ruled out on the basis of biochemistry and negative
octreotide scan. As mentioned previously, Other disorders
known to cause DM, including hyperthyroidism, pheochro-
mocytoma and acromegaly, were ruled out on a biochemical
basis as well. By ruling these etiologies out, we have more
reason to believe that arsenic toxicity at least played a role
in the development of this patient’s DM. Many of the afore-
mentioned theories surrounding arsenic-induced DM involve
either inhibition of insulin release or direct beta cell damage,
as well as inhibition of gluconeogenesis. These theories are
supported in the present case, given the undetectably low C-
peptide level in the setting of hyperglycemia, as well as the
frequent hypoglycemic episodes which were seen throughout
her course of therapy.

While this case provides an excellent example of the clinical
implications of arsenic exposure, there are some limitations
to consider. The fact that we did not discover the source of
the patient’s arsenic exposure raises some important issues,
the first of which is that removing the source of arsenic would
have been critical to the patient’s recovery. Secondly, we
could not determine the type of arsenic that the patient was
exposed to (i.e., organic vs. inorganic). As previously dis-
cussed, organic arsenic is commonly found in shellfish and
seafood and generally does not pose a health risk, whereas
iAs is considered toxic.[10] Neither the patient’s occupation
nor residence would have raised suspicion of arsenic expo-

sure through drinking water or inhalation, and the patient
denied any recent travel to areas where environmental expo-
sure is known to be high nor any acute change in seafood
intake. We did discover that the patient had been ingest-
ing seaweed tea, which has been shown to contain various
amounts of iAs, depending on the source and type.[40] How-
ever, we did not suspect arsenic toxicity as the cause of her
presentation until late into the course of her care, and were
unable to obtain samples this product for testing prior to
the patient’s death. Finally, although we did have confirma-
tion that the patient was exposed to arsenic from blood and
urine samples, we were unable to obtain adequate hair or nail
samples to confirm chronic exposure. However, given the
progressive decline of the patient’s health over the course of
several months, as well as the clinical signs and symptoms
that the patient exhibited, suspicion of chronic (as opposed
to acute) arsenic exposure remained high.

To our knowledge, there are no studies that have evaluated
treatment strategies for arsenic-induced DM, nor are there
observations of whether pancreatic function returns to base-
line after arsenicosis is resolved. We felt that insulin therapy
was most appropriate in this patient, and that oral antihy-
perglycemic agents would have predisposed her to adverse
effects in the hospital setting given her poor oral intake, gas-
trointestinal symptoms and frequent hypoglycemic episodes.
As mentioned within the case presentation, we noticed wide
fluctuations in glycemic control despite the use of small
doses of subcutaneous insulin (see Figure 2). Once BAL
therapy was initiated and urine arsenic levels became unde-
tectable, we did notice a decrease in the variability of her
daily average blood sugars (see Figure 3), but the within-
day fluctuations remained significant (data not shown). In
addition, the variability in day-to-day insulin requirements
had noticeably decreased towards the end of her final hospi-
talization, which may have been associated with decreased
arsenic burden. Unfortunately, the patient died shortly af-
ter completion of chelation therapy and normalization of
urine and serum arsenic levels, and we were therefore unable
to observe the clinical course of DM after treatment of her
arsenicosis.

Figure 2 shows the average daily insulin (black triangles)
and prednisone (gray bars) in conjunction with average daily
blood glucose readings (black squares) for each hospital day.
As depicted early in the hospital stay, small adjustments in
daily insulin doses often resulted in large changes in daily
average glucose readings. After chelation therapy was initi-
ated (day 19) and urine arsenic levels normalized (day 25),
the fluctuation in daily insulin dose and average daily blood
glucose decreased substantially.
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Figure 2. Summary of total daily insulin and prednisone doses and associated average daily blood glucose readings

Figure 3. Summary of average daily blood glucose before and during chelation therapy

Figure 3 shows the average daily blood glucose readings
(black squares) for each hospital day along with daily urine
arsenic levels (gray triangles). The arrow in the top-right
of the figure shows the timeline of chelation therapy with
British anti-Lewisite (BAL) in conjunction with normaliza-
tion of urine arsenic levels, and thereafter a decrease in the
fluctuation of daily average blood glucose.

In conclusion, we presented a case of newly-diagnosed DM
that was thought to be secondary to chronic arsenic exposure
where other causes of DM were ruled out. This case sup-
ports the use of BAL for normalization of urine and serum

arsenic levels in suspected chronic arsenic toxicity, although
we were unable to determine whether clinical improvement
would have ensued. In cases where other secondary causes
of DM are ruled out, it may be prudent to evaluate for heavy
metal toxicity to allow for early diagnosis and initiation of
treatment. Further studies are needed to determine the ef-
ficacy of different treatment strategies for arsenic-induced
DM, and whether resolution of arsenicosis will reverse the
diabetogenic effects.
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