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these factors improves glycemic control,

Diabﬂesiscaﬂad'pmna:y'whmmkmm eticlogical cause is found and “secondary” when hyperglycemia is
thought fo have developed in relation to a known etiological factor. Our knowledge of how and why diabetes
occurs is still evolving and in practice a clear distinction between primary and secondary diabetes is not always
possible. It is beleved that timely diagnosis of "secondary” diabetes and successful treatment of the causative
factor might “cure” diabetes. At present, the vast majority of diabetic patients are classified as primary. Even in
these patients, a number of life-style factors are responsible for precipitating diabetes. Successful treatment of

Pathogenesis

Present understanding of the pathological mechanisms allows
classification of diabetes into two main types, Type | or insulin-
depencdent diabetes (IDDM) and Type || or non-insulin-dependent
diabetes (NIDDM)

Secondary diabetes can be either IDDM or NIDDM

Though the latter is far more commaon. Both types of diabetes
occur when susceplible individuals are exposed 10 orecipating
factors (Figure 7).

Type diabetes resulls from  immuneftosss  destruction  of
pancreatic B-cells, leading to severe insulin deficiency. The genelic
susceptibilty factors (HLA) and immune markers (circulating isket cell
antibodies) in this condition are known but Wtle s known of the
precipitating factors, though many are suspected (Figure 1),

Type |l diabetas appears 10 be a more comphcatad disorder, and
i5 probably a "mixture” of different conditions. 1t results frem a
variable interaction of insulkn nsensitivly of the panpheral ESsU85
[resistance) and A-cell dysfunction. Different organs ie, endocnne
pancreas, iver, skeletal muscle, and adipose tissue, are nwohved
in the pathogenesis, and abnormalties of the "counterrequiatory”
hormones (glucagon, growth hormone, catecholamines, etc) pro-
bably contribute to the metabolic problem. It has a long (many years)
"prediabetic”® phase during which blood sugar levels are normal but
hyperinsulinemia is charateristically seen. In suscaptible individuals,
R-callz are "exhausted” and hyperglycema rasults, which further
ampilifies the basic pathologial problems (ghucotoxicity).

Figure 1. Pathoganesis of Diabates.
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Susceptibilty to type Il diabetes is believed 1o be genetic because
it rung in famikes, bul no genetic markers have yat been found.
In fact, recent findings suggest that maternal factors (intrautering
nutrition, etc) modulate B-cell function and influence development of
diabetes in later life. In type || diabetes, some of the precipitating
factors are well defined. These are usually associated with adverse
life-styla ("cantral® or "androsd” obesity, ovarmutrition, and poor physi-
cal activity). These are perhaps responsible for the recant *apidemic®
of diabetes in certain populations. It could be argued that type |l
chabetes is “secondany” to these factors (Figure 1). In fact, abnorm-
glities of any of the multitude of factors dascrbed abowve could til
the balance and cause diabetes which could qualify as “secondary”
diabetes

O this background, the present defintion of "secondary” diabetes
appears rather naive, because diabetes is ascribed entirely to the
known "precipitating” factor, In some cases (goromegaly, Gushing's
syndrome, aetc) such factors could be very potar bul such cases
ara vary rara in clinical practice. Even such casas of "secondary”
diabates have an overlap with “primary” machanisms.

The treating physician's job is to seek and freat such factors
which will improve the prognosis for the patient even though
successful treatment of the precipitating factor(s) does not "cure”
diabetes

Alzo, treatment of some factors is not always possible
{eq, chronic pancreatitis, liver cirrhosis) but its diagnosis improves
management of diabetes. Another classic example of primary
diabetas with a well recognized precipitating factor is gastational
diabetas. The latter occurs in susceptible women (e, cverweight,
those with a strong family history, etc) during pregnancy. Glucose
intolerance improves after delivery in many women, but they may
become diabetic in later life {up to 50% became diabetic over
15 years in one senes). This haghlights the important contribution
of both susceptibility and precipitating factors in the genesis of
ciabetes

In the past, it was thought that patients with secondary diabetes
did not suffer the microvascular damage but we now know that such
complications do occur if hyperglycemia persists for long enough.

For the prezent discussion we will rastrict to the definiticn of
"secondary” diabatas givan in tha introduction (Tabile 7).

Useful clinical ponters to secondary diabetes are shown in
Figure 2 which should help the physician suspect these conditions.

Pancreatic disorders

Chronic  pancreatitis is the commonest cause of secondary
diagbetes. It constitutes perhaps kess than 1 % of all diabetic patients
though in certain diabetic chnics in tropical countries it is more
common. Even though endocrine pancreatic deficiency develops
secondary o exocring pancreatitis, it appears that susceptibdity to
diabetes {ses pathophysictogy above) certainly plays a role. Thug, a
family history of diabates is more common n these patients and
association of both HLA and insulin gens polymarphism has baen
demonstrated in patients with tropical calciiic pancreatitis
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Thers is a good correlation between exocring and endocring loss
on the one hand and residual B-cell function and glucose tolerance

1. Pancreatic disorders on the other, suggesti i itis is an i
1 i : A , suggesting that exocrine pancreatitis is an important
Chronic pancreatitis (Alcoholic, tropical, etc), factor in the genesis of diabetes. Glucose folerance passes through
Cysiic fibrosis, the phases of normal, impaired gluose tolerance (GT) and disbetes.
Cancer, etc. Diabetes wsually appears in the second decade of lifa, though
2. Liver disorders younger patients are not wnusual. Severity of diabates iz variable.
Cirrhosis, Most poor patients present with severe hyperghycarmia. Diet and oral

hypoglycemic agents are useful in milder cases but insulin is usually

Chroeic: active hepabis, required as disease progressas. A paculiar metabolic feature is the

3. Endocrine disorders relative rarty of ketosis in these patients even with severs hyper-
Acromegaly, glycemia and after stopping insulin treatment for prolonged periods
Cushing's syndromae, of tirme {usually due to secicaconarmic reasons), Such an immunity
Thyrotoxicoss, from acuta matabolic complications leads to poor compliance with
Glucagonoma, treatment. Many patients die relatively young due to metabolic
Pheochromocytoma, hyperglycamia) and infective (tuberculosis, etc) complications.
Cann's syndrome, Vascular problems of diabetes (retinopathy, nephropathy, and

| Hyperandrogenism. macrovascular disease) a.i')ﬁlﬁar \'flth INCIEasing duration of dmhe[.es
and ingreazing age. Treatment is frequently influenced by socio-

4. Hemochromatosis aconomic factors. Many cannot afford insulin, and very few can

5. Drug-induced allord oral pancreatic engymes, Surgical intervention is usually for
Corticosterods, pain and probably has no efiect on the natural history of diabates.
Oral contraceptives, | It appears that both tropical and alcoholic pancraatitis might
Thiazide diuretics and Crazoxide, lead to cancer in some patients. Diagnosis of pancreatic cancer
“acor and othar should also be suspected in (elderly) diabetic patients who have

lost substantial weight and have other related symploms (pain

nereatic toxins,
e obstructive jaundice, etc)

Cyclosporin 4,
Pentamiding.

6. Genetic disorders Figure 2. Cirical featuras suggestive of "secondany” dhabetes,

Tatug 7. Carmmon causas of secondany dabstes

Head & Face
There are two majos [ypas : Berermegakoid
. chronic alcohohs parcraatitis, and Cushingaid
2 tropical calaific paneraatiti —. Hirsutism
2. ropical calcific pancreatitis o \\‘ s L
Alcoholic pancreatitis 5 ) Mutitansl deficiencies
Thiz is the most common form of chronic pancraatitis in the ) Eyes
Wastern workd. It usually affects middle-aged subjects. There is Heck E’f Finid dedecis
a long history of alcohol abuse and episodes of pancreatitis Gaitar R WNWE
characterized by typical pain, Diabetes appears after many yaars, Buffalo hump __ ; S
when pancreatic excoring and endocrine reserses arg severehy Paratids Ir-’ EMPMMIM
dimanishad. Pain of pancreatitis might have disapoearsad by this point Breast f \‘1 Nuriticnal deliciencies
put steatorrhea is usually present. Clinical stigmata of chronic Galaciorhes
alcoholism, liver cirhosis, and portal hypertension belp in the dis- ;
gnosis, Pancreatic calculi are frequently demonstrabile on x-ray of the u"" ]
abdomen, and ulirasonography. In the initial stages, diabetas might ?uymlmsls/ _./\
oe controlled by digl and oral bypoghlycemic agents, but insulin / L
treatment iz usually necessary in more severe cases. Blood sugar } II| \ L
avals tend 1o Muctuale widely because of various factors including |I | Hepatomegaly
rragulanties in dietl, associated liver disease, maldigestion and I,J' ! Pancreatic pain
malabsorption due 10 exocring pancreatic deficiency and glucagon i [ Elaulmm_u
aeficency. Savere hyparglycemia and hypoglyoemia can ocour within { II | I:wr:;ﬂobﬂyn o
short periods of tima, but ketoacidosis is not common, Appropriate -‘Ilr | il Purgin strige
digfary adjustments and treatment of associated pancreatic defi- L I|I 1 2 Tasticular atraphy
ciency by oral pancreatic anamymeas improve ghycemic control. ot | lJr L? Mentsnual disturbances
Intractabée pain dug to ductal obstruction, cyst, or pancreatitis e | i i RE R
may nacassitate surgical traatment, Surgical treatment usually has no G S, |l ‘| {
effect on the natural history of diabetes Frisi) nigm_-,aur; ||r III;'I
Tropical calcific pancreatitis (TCP) e e e ) \
Thig 15 & paculiar form of chronic pancreatitis seen in the tropical Pratiteal myxedema i R
developing countnias, it has been reported in the Indian subcontinent, Hutrticnal derclmm-s } ‘I
th-East Asia (Indonssia), many African countries (Migaria, hory ! Extramities
Coast, elc) and in South America (Brazil]. Patients are usually the | Acromegaloid
| Hand Tremars

rural poor, but it is also seen in the urtban and the affluant. The most |

characteristic lzature is the young age at onset. Pancreatitis usually |
starts befora 15 years of age, very often in the first decade. It pro- ) Jllr
gresses ralatively rapichy to severe pancreatic deficiency. Steatorhaa

may not Be apparent because of small dietary fat intake. Initial & — \
regors highlighted stigmata of severe malnutrition in these patents, ¢ m_ﬁ')
especially in those of rural origin. This led to the suggestion that
manutrtion and cassava consumption ware atiologically responsitils
[malnutrition-related diabetes, MROM) but this is not agreed by all,
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Liver disorders

The lver plays a central role in intermediary  metabolism.
Widespread liver damage, as in cirhasis, reduces hepatic extraction
of insulin from the portal circulation, leading to systemic hyper-
imsulinemia and insulin resistance. This precipitates  diabetes
in suscepticde individudls. Hypokalemia of chronic lver disease
contributes to diminished insdlin secretion, Other aspects of glucose
metabolism are also affectad, particulary the ability of the livar 1o
increase glucose output n tha face of falling circulating glucosa
concentrations, Thase patients are therefdre at an increased risk of
hypoghyoemia when on antidiabatic treatment. Peculiar problems
asaociated with indivichual eticlogical factors of liver cirrhosis [Chronic
alcoholizm, hepatitis B and other wiral infections, etc) add to the
difficulties in management of diabatas.

Impaired glucoss toleranca and mild diabetes are present in 50-
B0 % of patients with establishad cirrhosis but & smaller number
(= 30 %) show fasting hyperghycamia. It is sugoested that these
inclividuals with more sevare diabetes  were destined to develop
“primnary” type |l diabetes

Treatment of diabetes is by diel, oral sulfonylureas and insulin
injeclions whan necessary, Biguanides are bast avoided bacause of
the increased danger of lactic acidosis.,

Endocrine disorders

Intermediary metabolism is delicately balanced by the actions
of inzulin and other "counterreguiatory” hormones which include
alucanon, growth hormone, glucocorticoids, catecholamines, thyroid
hommaones, etc. Excess evals of the counteregulatory hoemones
produce hyperglycemia by overcoming B-cell resarve, especially in
suscaplible ndriduals, Mumesical contribution of these syndromes o
everyday diabetes is perhaps quite small. Disgnosis of these condi-
tions is usually obvious because of the classic symploms and clinical
featuras of Pormons excess.

The stages in the progression of glucose olerance from namal 1o
diabates in these patients ara very simdar to those in type | diabetes.
Imitially, both glucose  and insulin concentrations are nomnal; later,
glucose concentrations are maintained within normal limits at the
cost of nyperinsulinemia. In maore advanced stages nsulinopenda and
progressive glucoss inlokrance developn

Acromegaly

Glucose intolerance is saen in over 75 % of patients and fasting
Fyperalycemia in £ 25 % In the initial stages, diet and oral hypo-
glycemic agents are useful in controling hyperglycemia but once
fasting hyperglycemia is established, nsulin  reatment is usually
necessary. In earlier stages, successful treatment of acromegaly by
surgeny improwes glucose tolarance and reduces the ekevated plasma
insulin levets, In thasa with insulinopenia, mprovement is less drama-
fic., Octreotice traatment itself inhibits inzulin secretion and theralora
can cause hyparglycemia, though the effect is said to be transient.

Cushing's syndrome

Glucose intolerance is saen in over 80 % of patients and fasting
hyperghyoemia in £ 25 %. Succassful treatment of cortisol excess by
surgery or drugs ameliorates hyparglycemia in a substantial nurmier
of patients.

Thyrotoxicosis

Glucose infoleranca i not uncommon in these patients, especially
with increasing age. Controd of toxicosis improves glucose olerance.
Development of thyratoxicosis in a known diabetic patient aggra-
vates diabetes and successful reatment helps glycemic control,

Hyperandrogenism

Evidence is now mounting that hyperandrogenism in women
(hirsutism, central obesity, elevated serum testosterone kevels) is
associated with insulin resistance and could lead o diabetes.

Abnormaliies of the menstrual cycla fanovulation) and infertility
are frequently associated {polycystic ovary syndrome). Some show
acanthosis nigricans. The effect of antiandrogen reatment (spirono-
lactona, cyproterone acetate, estrogens, etc) on glucose-insulin
metabolism and other cardiovascular risk factors in thase woman is
not clearty known, These women also have increased risk of develo-
pirg gestational diabetas, There is a considerable overlap with type |l
diabetes.,
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Glucagonoma, phaochromocytoma, and Conn's syndrome are
wary rare causes of diabates in chnical practice,

Hemochromatosis

This is associated wilh deposition of iron in lver, pancreas, and
othar tissues including skin and gonads. Classical bronze discolora-
tion of the skin, hepatormegaty with abnormal liver function tests, and
impotence at presentation should raise the suspicion of hemo-
chromatosis in a diabetic patient, It is not a common condition but it
is usehd to remember that glucose intolgrance is seen even in
patients with tranfusion-associated iron overload (thalassemia, etc)
and in certain communities in Afrca who drink beer bressed in iron
vats, Iron overload causes both peripheral insulin ressslance and pro-
gressive B-oell failure. Associated pancreatic and lver involvameant
can produce problems dunng treatment of diabates similar 10 those
describad above. Successful treatment of hemochromatosis by
repeated phlebotomy and iron-chelating agents improves glucose
tolerance to some extant.

Drug-induced

A number of drugs in commeon ese can alter glucose tolsrance,
@ither by causing insulin resistance or by G-call dysfuntion, Some
destroy G-cells, causing acute insulin deticiency. Common examplas
of drugs which reduce tissue sensitivity 1o insulin include corfico-
staroids, oral contraceptives, thiazide divratics, diazoxide, adrenergic
agonizts and antagonists. On the olher hand, vacor {a rodenticide),
pantarmdine, and cyclospaorin & seam 1o cause B-cell dysfunction or
dastruction. Susceptibility of the indiadual (family history of diabetes,
pravious history of gestational diabetes, other genatic and immuno-
logical factors) seems 1o play a part in inducing glucose intolerance
Whanever poszible, substitutes with a safer record with respect to
glucose metabolism should be used in such suscaptible subjects. In
clinical practica, perhaps the most dramatic effect is that of cortico
stercids. Other drugs (B-blockers, thiazide divretics] mighl have more
subile effects which could prove deleterious in the long term. Regulas
monitoring of glucoss levels is advisable in subjects on long-lerm
treatment with such agents. Drugs which cause insulin resistance
could also have dalatenous effects on the cardicascular risk profile,
especially by increasing circulating trighceride levels and reducing
HOL cholesterol lewveals.

Genetic disorders

A number of rare ganatic disorders iglucogen storage, familial
hyperipidemias, Friedraich's ataa, myotonic dystrophy, Wallrarm
gyndrome, and various insulin resistance syndromes) are associated
with diabetes. There is no krown reatmeant for these conditions and
management of diabetes is along standard ines.

Summary

A relatively small proportion of diabetic patients (< 1 %) in clinical
practice perhaps belang 1o the secondary disbetes category. Treal-
ment of the eticlogical factor might "cure” diabetes in these patients
and therafare, it is mmperative for the treating physician to ook for
auch factors assiducushy. 1 now appears that even secondary
diabetes tends to ooour in subjats who are susceplible (o devalop
“primary” diabetes. With better understanding of the mechanisms of
action of the rsk factors for primary diabates if is possible that an
increasing proportion of primary diat=tes will fall in the category of
secondary diabates.
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