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Pathology of Diabetes

1 Introduction
1.1 Objectives of This Short Textbook
This  concise  textbook  provides  detailed  knowledge  about  diabetes  in  the
context of elderly care. It serves as a guide to link theoretical foundations with
practical  applications.  Caregivers  should  be  enabled  to  understand  the
anatomy and physiology of carbohydrate metabolism to derive informed care
decisions from it.
Another  goal  is  the  nuanced  examination  of  different  forms  of  diabetes  and
their specific care approaches. The textbook aims to illuminate the causes and
risk  factors  of  diabetes  and  enable  targeted  implementation  of  preventive
measures.
An understanding of  the  symptoms and diagnostic  procedures  of  diabetes  is
developed,  to  recognize  and  prevent  complications  at  an  early  stage.
Caregivers should be enabled to ensure effective care and support of patients
through  knowledge  of  therapy  options  and  self-monitoring  of  blood  glucose
levels.
Managing emergency situations and the management  of  secondary diseases
are also a focus of this book. The aim is to provide caregivers with tools to act
competently  and  confidently  in  dealing  with  diabetic  patients  and  to
sustainably improve the well-being of those affected.

1.2 Significance of Diabetes in Elderly Care
Diabetes mellitus in geriatric care
Diabetes  mellitus  is  of  central  importance  in  geriatric  care.  This  condition
often  affects  older  people,  so  geriatric  caregivers  regularly  encounter  this
metabolic disorder. Managing diabetes requires specific knowledge and skills,
as older people face additional challenges due to age-related changes in the
body.
The  care  of  people  with  diabetes  in  geriatric  care  includes  monitoring  blood
sugar levels,  assisting with medication intake and insulin administration, and
implementing  measures  to  prevent  secondary  diseases  and  complications.
Caregivers  play  a  crucial  role  in  implementing  individualized  care  plans
tailored to the specific needs of the residents.
Since diabetes  in  the elderly  often occurs  alongside other  chronic  conditions
such as hypertension and cardiovascular diseases,  holistic care is  necessary.
Caregivers must  be able to recognize interactions between diseases and the
medications  used  and  act  accordingly.  Good  collaboration  with  doctors  and
other healthcare professionals is essential to achieve optimal care outcomes.
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The importance of diabetes in geriatric care is also evident in the necessity of
preventing  acute  complications  such  as  hypoglycemia  and  hyperglycemia,
which  can  have  serious  consequences  in  the  elderly.  Caregivers  should  be
able to recognize warning signs early and respond appropriately to ensure the
safety of residents.
Overall,  diabetes  as  one  of  the  most  common  conditions  in  old  age  will
continue to shape care practice. It requires a comprehensive understanding of
the disease and its impact on the daily routine of geriatric care to sustainably
improve the quality of life for those affected.

1.3 Role of Caregivers in Managing Diabetes
Caregivers undertake versatile tasks in managing diabetes. Their primary role
is  to  continuously  monitor  the  blood  sugar  levels  of  residents.  Regular
measurements  help  detect  deviations  early  and initiate  necessary  actions  to
prevent dangerous complications.
Another  central  aspect  is  the  support  in  administering  insulin  and  other
antidiabetic  medications.  Caregivers  ensure  that  medications  are  correctly
dosed  and  administered  timely  according  to  medical  orders.  This  requires
special care and knowledge about the medication's effects and potential side
effects.
Caregivers  also  serve  as  intermediaries  between  residents,  doctors,  and
family  members.  They  are  often  the  first  point  of  contact  for  questions  or
concerns  about  the  illness  and  must  possess  well-founded  knowledge  to
provide  comprehensive  advice  and  information.  It  is  important  to
communicate clearly and understandably to avoid misunderstandings.
Nutritional counseling and motivation for lifestyle changes also belong to their
tasks. Caregivers assist residents in creating an individual nutritional plan and
promote physical  activity within the limits of  the respective health condition.
The aim is to enable residents to independently contribute to stabilizing their
blood sugar levels.
Additionally,  caregivers  are  responsible  for  the  observation  and  care  of
potential diabetes complications, such as diabetic foot syndrome. Regular foot
checks and conscientious documentation are crucial  to notice tissue damage
early and initiate measures to improve healing.
Finally,  caregivers  are  qualified  for  managing  emergency  situations.  They
recognize  and  intervene  in  cases  of  hypoglycemia  or  hyperglycemia  and
activate  emergency  services  if  necessary.  Through  targeted  training  and
continuous education, they keep their knowledge up-to-date to act safely and
competently in critical situations.
Overall,  caregivers  significantly  contribute  to  the  quality  of  life,  safety,  and
well-being  of  residents  with  diabetes.  Their  work  requires  a  high  level  of
expertise, precision, and empathy.

Introduction      5
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2 Anatomy and Physiology of Sugar
Metabolism
2.1 Pancreas and Its Functions
The  pancreas,  also  known  as  the  pancreas,  is  a  central  organ  for  sugar
metabolism. It is located in the upper abdomen, directly behind the stomach,
and has both endocrine and exocrine functions.
The  endocrine  part  of  the  pancreas  is  responsible  for  hormone  production.
Here,  the islets of  Langerhans are located,  where specific  cell  types produce
insulin and glucagon.  Beta cells  in the islets of  Langerhans release insulin,  a
hormone  that  lowers  blood  sugar  levels.  Insulin  promotes  the  uptake  of
glucose  into  body  cells,  thus  supporting  energy  metabolism.  Alpha  cells,  on
the other hand, produce glucagon, which raises blood sugar levels. Glucagon
stimulates the liver to release stored glucose into the bloodstream. These two
hormones act as antagonists, working together to regulate blood sugar levels.
The  exocrine  part  of  the  pancreas  produces  digestive  enzymes  that  are
released  into  the  small  intestine.  These  enzymes  are  essential  for  the
digestion of  fats,  proteins,  and carbohydrates,  but  are not  directly  related to
blood sugar regulation.
Functional  disorders  in  the  endocrine  area  of  the  pancreas,  whether  due  to
autoimmune  processes,  inflammation,  or  other  damage,  can  lead  to  the
development of diabetes mellitus. In type 1 diabetes, the body's own immune
system  destroys  the  insulin-producing  beta  cells,  while  in  type  2  diabetes,
insulin resistance of the body cells is often at the forefront. The result in both
cases  is  elevated  blood  sugar  levels,  which  can  lead  to  various  health
problems in the long run.
The  function  of  the  pancreas  is  therefore  of  great  importance  not  only  for
sugar  metabolism  but  also  for  the  overall  well-being  of  the  body.
Understanding  the  processes  that  occur  in  this  organ  is  essential  to  better
comprehend the development and treatment of diabetes mellitus.

2.2 Insulin and Glucagon Function in Glucose
Metabolism
Insulin and glucagon are central hormones in glucose metabolism that work in
a finely tuned balance to ensure stable blood sugar levels. Insulin is released
after  food  intake  when  blood  sugar  levels  rise.  It  promotes  the  uptake  of
glucose into muscle and fat cells, allowing its use for energy production or its
storage  as  glycogen  in  the  liver.  Additionally,  insulin  prevents  the  new
production  of  glucose  in  the  liver,  which  also  contributes  to  lowering  blood
sugar.

6      Anatomy and Physiology of Sugar Metabolism
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Glucagon, on the other hand, is primarily released during periods of fasting or
when blood sugar levels are low. It activates the conversion of glycogen into
glucose in the liver to release it into the blood and increase blood sugar levels.
Additionally,  glucagon  promotes  gluconeogenesis,  a  process  in  which  new
glucose is formed in the liver from non-carbohydrate precursors.
The  interaction  of  insulin  and  glucagon  can  be  compared  to  a  thermostat
system that maintains temperature consistency in a room. When blood sugar
rises,  insulin  "switches  on"  and  lowers  the  level.  If  blood  sugar  drops  too
much,  glucagon  kicks  in  and  raises  it.  This  dynamic  regulation  allows  for  a
continuous and reliable flow of energy to the body's cells.
Disruptions  in  the  function  or  regulation  of  insulin  and  glucagon  can  lead  to
significant  health  problems.  In  type  1  diabetes,  insulin  is  completely  absent,
which,  if  untreated,  results  in  highly  elevated  blood  sugar  levels  and  an
energy deficit in cells. In type 2 diabetes, the action of insulin on the cells is
reduced  (insulin  resistance),  while  insulin  production  may  initially  persist.  In
both  cases,  the  precise  balance  between  insulin  and  glucagon  is  disturbed,
necessitating  modern  therapeutic  measures.  A  deep  understanding  of  the
function  of  these  hormones  allows  for  the  identification  of  appropriate
treatment  and  care  approaches,  improving  the  quality  of  life  for  affected
individuals.

2.3 Blood Sugar Regulation
Blood Sugar Regulation
Blood  sugar  regulation  is  a  complex  interplay  of  numerous  processes  that
keep the blood sugar level stable within narrow limits. Normally, fasting blood
sugar  levels  for  adults  range between 70 and 99  mg/dl.  After  food  intake,  it
may  rise  temporarily  but  should  quickly  return  to  normal  levels  through  the
body's own mechanisms.
Central  to  the  regulation  of  blood sugar  levels  are  the  hormones insulin  and
glucagon, produced in the pancreas. As previously described, insulin promotes
the  uptake  of  glucose  into  the  cells  when  blood  sugar  levels  rise  after  food
intake,  thereby  reducing  blood  sugar.  At  the  same  time,  it  blocks  the  new
production and release of glucose in the liver. In contrast, glucagon is released
when  blood  sugar  levels  drop  to  stimulate  the  formation  and  release  of
glucose from the liver's glycogen stores.
In  addition  to  these  main  players,  other  hormones  also  contribute  to  blood
sugar regulation. Adrenaline and cortisol, stress hormones, can increase blood
sugar levels by supporting glucose release from the liver. Growth hormone, on
the other hand, acts by modifying the cells' sensitivity to insulin.
A functioning regulation system ensures that glucose supply optimally meets
the body's energy needs. In cases of dysfunction, as seen in diabetes mellitus,
this  balance  is  disrupted.  This  leads  to  blood  sugar  fluctuations  that,  if
untreated,  can  cause  acute  complications  in  the  short  term  and  long-term
damage to organs and tissues. Understanding the mechanisms of blood sugar
regulation  is  therefore  fundamental  for  recognizing  and  treating  such
disorders and for supporting affected patients in everyday life.
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2.4 Difference between Glucose Uptake and
Glucose Utilization
Glucose  uptake  and  glucose  utilization  are  two  central  processes  in
carbohydrate metabolism that work seamlessly together to provide energy for
the body and maintain balanced blood sugar levels.
Glucose  uptake  refers  to  the  transport  of  glucose  from  the  blood  into  the
body's  cells.  This  predominantly  occurs  under  the  influence  of  insulin,  a
hormone  from  the  pancreas.  Insulin  opens  "transport  gates"  (glucose
transporters), allowing glucose to enter muscle and fat cells, where it is either
used  for  energy  production  or  stored  as  glycogen.  The  insulin-dependent
glucose transport is crucial for lowering blood sugar levels after meals.
In  contrast,  glucose  utilization  describes  the  process  by  which  cells  use  the
absorbed glucose for their energy needs. This process, also known as cellular
respiration,  occurs  in  various  steps  within  the  cells:  First,  glucose  is  broken
down  into  pyruvate  through  glycolysis.  In  a  subsequent  step,  the  citric  acid
cycle, the complete oxidative breakdown to carbon dioxide and water occurs,
releasing stored energy in the form of ATP (adenosine triphosphate).
The two processes are closely linked. Efficient glucose uptake into the cells is
a  prerequisite  for  effective  glucose  utilization  and  thus  for  maintaining  a
stable  energy  metabolism.  If  glucose  uptake  is  disrupted,  for  example,  by
insulin resistance or insulin deficiency,  glucose remains in the blood,  leading
to elevated blood sugar levels, as observed in diabetes.
An  example  illustrates  this  difference:  After  a  meal,  blood  sugar  levels  rise.
Insulin  is  released to stimulate glucose uptake.  If  this  works,  glucose quickly
enters  the  cells  and  is  utilized,  normalizing  blood  sugar  levels.  In  case  of  a
disruption  of  these  processes,  such  as  impaired  insulin  action,  blood  sugar
levels  remain  high,  as  glucose  uptake  does  not  proceed  as  expected  and
utilization cannot occur.
A  deeper  understanding  of  these  processes  is  crucial  to  plan  and  effectively
implement preventive and therapeutic measures in diabetes.

8      Anatomy and Physiology of Sugar Metabolism
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3 Forms of Diabetes Mellitus
3.1 Type 1 Diabetes
Type 1 diabetes is an autoimmune disease where the body's immune system
attacks the insulin-producing beta cells in the pancreas. This destruction leads
to  an  absolute  insulin  deficiency.  Since  insulin  is  necessary  to  transport
glucose from the blood into  the  body's  cells,  a  persistently  high  blood sugar
level results.
Causes  of  this  autoimmune  process  are  largely  genetically  determined,
although environmental factors can also be involved. A precise cause is often
difficult to determine. Affected individuals often have no direct family history,
indicating complex genetic relationships.
Type  1  diabetes  typically  presents  acutely.  Typical  symptoms  include
excessive thirst, frequent urination, fatigue, and weight loss. These symptoms
develop quickly, usually within a few weeks. The rapid destruction of beta cells
necessitates immediate insulin therapy.
The  course  of  type  1  diabetes  is  characterized  by  the  fact  that  affected
individuals  are  dependent  on  insulin  administration  for  life.  It  requires  a
precisely  tailored  insulin  therapy,  adjusted  to  the  individual's  metabolic
condition.  A challenge for  caregivers is  to support  patients in self-monitoring
their blood sugar levels and adjusting the insulin dosage.
Poor blood sugar control can lead to acute problems such as ketoacidosis and,
in  the  long  term,  complications  such  as  damage  to  the  eyes,  kidneys,  and
nerves.  Therefore,  close monitoring and adjustment of  treatment are crucial.
Caregivers play a significant  role in  educating those affected and supporting
them in their daily lives.

3.2 Type 2 Diabetes
Type  2  Diabetes  is  a  metabolic  disorder  characterized  by  insulin  resistance
and consequently  a  relative  insulin  deficiency.  Unlike  Type 1,  the  body does
produce  insulin  in  Type  2,  but  the  body’s  cells  are  less  sensitive  to  it.  This
results in glucose remaining in the blood and the blood sugar level rising.
Common  causes  for  the  development  of  Type  2  diabetes  include  genetic
predispositions as well as lifestyle factors such as lack of exercise, unhealthy
diet,  and  overweight.  Particularly,  visceral  fat  surrounding  the  organs  in  the
abdominal  cavity  plays  a  significant  role  in  the  development  of  insulin
resistance.  Age-related  metabolic  changes  may  also  increase  the  risk,
especially among the older population, which is the focus in geriatric care.

Forms of Diabetes Mellitus      9
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The  symptoms  of  Type  2  diabetes  often  develop  gradually  and  can  remain
unnoticed  over  many  years.  Indicators  include  increased  thirst,  frequent
urination,  fatigue,  and  nonspecific  symptoms  like  vision  problems  or
slow-healing  wounds.  Many  affected  individuals  only  become  aware  of  the
disease at an advanced stage or when complications arise.
The  progression  of  Type  2  diabetes  is  chronic  and  progressive.  Without
appropriate  treatment,  serious  complications  can  occur,  including
cardiovascular diseases, kidney damage, and vision disorders. Insulin therapy
is often not required initially. Treatment typically begins with lifestyle changes
— nutrition  and  exercise  — and,  if  necessary,  the  intake  of  oral  antidiabetic
medications. Caregivers play a crucial role in supporting patients, particularly
through education on lifestyle changes, medication monitoring, and promoting
adherence to therapy. The long-term goal is to control blood sugar levels and
maintain the quality of life for those affected.

3.3 Special Forms of Diabetes
Gestational Diabetes
Gestational diabetes occurs during pregnancy and is one of the most common
metabolic  disorders  at  this  time.  This  form  of  diabetes  is  characterized  by
insulin  resistance,  which  is  triggered  by  hormonal  changes.  Since  the  body
needs  to  produce  more  insulin  to  regulate  the  increased  blood  sugar  levels,
inadequate insulin production can lead to elevated glucose levels.
Typical risk factors include being overweight, older maternal age, or a family
history of type 2 diabetes. Gestational diabetes is usually diagnosed through
an oral glucose tolerance test conducted between the 24th and 28th week of
pregnancy.
Careful  monitoring  and,  if  necessary,  dietary  adjustments  are  crucial  to
regulate blood sugar levels. In severe cases, insulin therapy may be required.
After  birth,  blood  sugar  levels  usually  normalize,  but  the  risk  of  developing
type 2 diabetes later remains increased.
MODY – Maturity Onset Diabetes of the Young
MODY is  a  rare,  genetically  determined form of  diabetes  where mutations in
individual genes lead to disruptions in insulin production. Unlike type 1 or type
2 diabetes, MODY typically manifests before the age of 25 and is not directly
associated with autoimmune processes or insulin resistance.
There  are  various  MODY  subtypes,  differing  in  the  cause  of  the  genetic
mutation.  A  key  feature  is  that  affected  individuals  often  appear  across
several generations in a family, making genetic counseling advisable.
Treatment depends on the specific type of MODY and can range from dietary
measures  and  oral  antidiabetics  to  insulin  therapy.  Correct  diagnosis  and
differentiation from type 1 or  type 2 diabetes are crucial  for  the appropriate
therapeutic strategy.
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