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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder resulting from a
defect in insulin secretion and/or insulin action, which results in
hyperglycemia with disturbances of carbohydrate, fat and protein
metabolism (Hovens, etal.,2005).

Diabetes mellitus is a major health problem of increasing
magnitude worldwide with a great impact on cardiovascular
morbidity and mortality (Grundy et al.,2002).

Diabetes mellitus is recognized as a leading cause of chronic kidney
disease and end-stage renal failure. Chronic renal failure is
associated with insulin resistance and, in advanced renal failure,
decreased insulin degradation. Both of these abnormalities are
partially reversed with the institution of dialysis (Ch
Samapanis,2008).

Chronic kidney disease (CKD) is common and can be found in up to
23% of patients with diabetes. The recommended hemoglobin A1c
goal for these patients is also < 7.0%. Medication therapy for
diabetes may require dose adjustments or may be contraindicated
in patients with CKD. Assessment and management of comorbid
diseases, including hypertension, hyperlipidemia, anemia,
hyperphosphatemia, and hyperparathyroidism, is important in the
care of patients with diabetes and CKD. Multidisciplinary care may
provide the optimal system for maximizing care of these complex
patients (Kerri. Cavanaugh, 2007).

Management of diabetes includes many areas that may be
influenced by the severity of a patient's kidney dysfunction. This
includes the methods that are used to determine the adequacy of
diabetes control, such as hemoglobin Alc (A1C), the potential
complications and cautions regarding oral hyperglycemic
therapies, and the variable response to insulin therapy as kidney
dysfunction progresses. Additionally, management of comorbid
conditions, such as hypertension and hyperlipidemia, and
evaluation for the development of conditions associated with CKD,
such as anemia, hyperphosphatemia, and hyperparathyroidism,
must also be considered in the care of patients with diabetes and
CKD (Kerri, Cavanaugh,2007).

For most hemodialysis patients, we use insulin rather than oral
agents. This is consistent with the 2005 K/DOQI guidelines, which
suggest that, among dialysis patients, newer insulin regimens and
insulin preparations should be used rather than oral agents for
glycemic control This is due to the lack of adequate data concerning
the use of oral agents in dialysis patients and their inability to
adequately excrete many such agents (K/DOQI Workgroup,2005).

AIMOFTHEWORK

The aim of the study is to find out the prevalence of diabetes
mellitusin hemodialysis patients and the possible medications for
control of their blood glucose level taking into consideration their
precautions , contraindications and side effects and the current
diabetic complicationsalready seenin hemodialysis patients.

PATIENTS AND METHODS

Patientsand Methods.

The study was carried out on adult patients on Hemodialysis in all
dialysis units in Minia governorate and we screen the number of
diabetic patients on hemodialysis and their data about their blood
glucose levels and the hypoglycemic drugs they are taking. A
performed questioner was fulfilled for all study subjects. The EI-
Minia Governorate is one of Egypt's 28 Governorates and is located
about 143 miles to the south of Cairo; it comprises nine districts
(Edwa, Maghagha, Bany Mazar, Mattay, Samalout, El-Minia, Abou
Korkas Malawy and Deir Mawas). Of the 1700 patients on RRT who
were offered to participate in this study, 755 patients (44.4%) agreed
and gave verbal consent.

The questioner gave dataabout;

1) The number of diabetic patients in dialysis units in Minia
governorate, precenrage of controlled diabetic patients on
hemodialysis, blood glucose lowering drugs they were taking
,[family history of diabetes mellitus (DM) and complications of DM.

2) Presence of HCV infection including total number of
hemodialysis patients having HCV infection,the number of diabetic
patients having HCV virus and probable causes of renal failure.

3)Body mass index for all hemodialysis patients , Random blood
glucose level for all hemodialysis patients , Glycosylated Hb(HbA1c)
fordiabetic patientsonly.

The study was carried out in the period between Feb 2016 to Feb
2017.
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Patients age was ranged between 15 yearsold and 95 yearsold,and
therewas 491 malesand 264 females.

Patientsin our study were divided into 3 groups as follow:
Group (1):Include non diabetic patients.

Group (2): Include patients with blood glucose controlled: Groups
ABCD):

Group (A) Include diabetic patients with blood glucose controlled
withoutany blood glucose lowering medications.

Group (B) Include diabetic patients with blood glucose controlled
withinsulinonly.

Group (C) Include diabetic patients with blood glucose controlled
withboth insulinand oral hypoglycemicdrugs.

Group (D) Include diabetic patients with blood glucose controlled
with oral hypoglycemicdrugsonly.

Group (3) : Include patients with blood glucose uncontrolled
(Groups AB,CD)

Group (A) Include diabetic patients with blood glucose not
controlled withinsulin.

Group(B) Include diabetic patients with blood glucose not
controlled with oral hypoglycemicdrugs.

Group(C) Include diabetic patients with blood glucose not
controlled with both oral hypoglycemicdrugs and insulin.

Group(D) Include diabetic not controlled without any blood glucose
lowering medications.

Exclusion criteria:

1) Patients with other factors that can interfere with good control
of DM asThose whoare taking medication that may cause rapid
glucoserise e.g. steroids, antipsychotics.

2) Patientswith history of intake antidiabeticdrugs forless than 2

months.

3) Patients with acute pancreatic damage, including pancreatic
surgery.

METHODS:

Forallthe cases thefollowing was done:

a) full historytaking.

b) full clinical general examination.

c) Anthropometric measures: body massindex.

Body weight:
Was measured using an electronic scale to the nearest 0.1 Kg,with
the subjects wearing light clothesand no shoses.

Height:
Was measured to the nearest 0.5 cm without shoes.

Body massindex(BMl):
Was calculated as weight (in kilograms) divided by the square of
hight(in meters).

Interpretation of higher Obesity risk:

The WHO regards a BMI of less than 18.5 as underweight and may
indicate malnutrition, an eating disorder, or other health problems,
while a BMlequal to or greaterthan 25 is considered overweight and
above 30 is considered obese. (BMI Classification .WHO 2006) .
Theseranges of BMlvalues are valid only as statistical categories.

CATEGORY BMI (KG/M?) |BMI PRIME
from |[to from |to

Very severely underweight 15 0.60
Severely underweight 15 16 0.60 |0.64
Underweight 16 185 |0.64 |0.74
Normal (healthy weight) 185 |25 074 |1.0
Overweight 25 30 1.0 1.2
Obese Class | (Moderately obese) |30 35 1.2 1.4
Obese Class Il (Severely obese) 35 40 1.4 1.6
Obese Class Il (Very severely obese)|40 1.6

d)laboratoryinvestigations:

1) routineinvestigations

2)special investigations
Theroutineinvestigationsincludes the following:
Renal function tests:

* Serumcreatinine.

» Predialysis blood urea.

»  Postdialysisblood urea.

Completeblood picture (CBC).

Urine analysis for proteinuria.

Randomblood glucose:

The following Table summarises the 2006 WHO recommendations
for the diagnostic criteria for diabetes and intermediate
hyperglycaemia.

Diabetes

Fasting plasma glucose >7.0mmol/I (126mg/dl)
2-hplasmaglucose*or=11.1Tmmol/l (200mg/dI)

Random venous plasma glucose concentration>11.1 mmol/I

Impaired Glucose Tolerance (IGT)

Fasting plasma glucose <7.0mmol/I (126mg/dI)

2-h plasma glucose* and >7.8 and <11.1mmol/I (140mg/dl and
200mg/dl)

Impaired Fasting Glucose (IFG)

Fasting plasma glucose 6.1 to 6.9mmol/|

2-h plasma glucose* (110mg/dl to 125mg/dl) and (if measured)
<7.8mmol/l (140mg/dl)

» Venous plasma glucose 2-h after ingestion of 75g oral glucose
load

» If 2-h plasma glucose is not measured, status is uncertain as
diabetes orIGT cannot be excluded

HCV Ab. by using ELISATechnique.

HBsAg. By using ELISATechnique.

Fundus examination for retinopathy.Special Investigation:
HbA1cfordiabetic.

An HbA1c of 48mmol/mol (6.5%) is recommended as the cut off
point for diagnosing diabetes. A value of less than 48mmol/mol
(6.5%) does not exclude diabetes diagnosed using glucose tests.

Sampling:

1- 6 mlof blood was taken from each patient 4 ml predialysis and
2ml postdialysis under strict a septic technique and was left to
clotforone hour, serumwastaken :

Predialysis tube for predialysis blood urea, serum creatinine , HCV
Ab and HBsAg.

Post dialysis tube for post dialysis urea.
Another 4ml of blood was taken for HbAT1cand CBC.
Random blood glucose was measured by skin prick test.

Technique for measuring HbA1c:
1) Preparesample
Add 5 ul whole blood to the test tube with R1/Reagent. Mix well.
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Leave the tube for minimum 2 minutes, maximum 3 minutes .Use a
timer.

Note Equilibrate the R1/ Reagent to room temperature (20-25 c)
before use.

2) Apply sample

Remix to obtain a homogenous suspension. Apply 25 ul of the
mixture to a TD/Test Device. Hold the pipette approx. 0.5 cm above
the test well and empty the pipette quickly in the middle of the test
well. Allow the mixture to soak completely into the membrane. Wait
forminimum 10 seconds.

Note Avoid air bubbles.

3) Apply R2/Washing Solution

Apply 25 ulR2/Washing Solutiontothe TD/Test Device. Allow the
reagent to soak completely into the membrane. Wait for minimum
10seconds.

Note Avoid air bubbles.

4)READTHETESTRESULT
Read the test result within 5 minutes using NycoCard READER 11
instruction manual.

RESULTS

Out of the 1700 patients on regular hemodialysis (HD) in El Minia
governorate ,only 755 patients (44.4%) agreed to participate in this
study, theirage range 15-95 years .the mean age of all patientsin our
study was 50.4+14.3 years.The results showed that the incidence of
ESRD was more in male patients 62.3% (n=470) than female patients
37.7% (n=285) (table 1).

Table (1): demographic and clinical characteristics of the
studied patients

Variable Total =755

Age (years) 15-95

Range 50.4+14.3
Meanzsd

Sex 470 62.3%
Males 285 37.7%
Females

BMI 18-35

Range 24.3+25
Meanzsd

Dialysis duration Tmonth-27 years
Range 3.8+3.4years
Meanzsd

HCV 376 49.8%
Family history of DM 48 6.3%

Random blood glucose (RBG) range between 75-300 mg/dl ,the
meanRBGwas117.6+28.9 (Table 2).

Table (2):laboratory data characteristics of the studied patients

Variable Total =755
Range Meanzsd
RBS 75-300 117.6+£28.9
HB% 4.3-19.8 9.5+2.001
Serum creatinine 1.6-14.6 6.4+1.9
Urea pre 16-414 136.9+36.5
Urea post 20-105 56.9+14.1

In our study the overall prevalence of diabetes in hemodialysis
patients were 116 out of 755 with percentage of 15.4% and 639 not
diabetic (84.6%) with P 0.001*.there is male excess in diabetes, 67
males in number were affected with DM (57.8%) and 49 female in
number were affected with DM (42.2%) and family history of
diabetes was observed in 48 patients with percentage 6.3% (Table
3fig1).

Table (3): DM among hemodialysis patients:

Variable Total =755
No %
DM among hemodialysis [116 15.4%
15.4%

84.6%

M Diabetic & MNot diabetic

Figure (1):DM among hem dialysis patients:

Outof 116,there were 60 patients receivinginsulinonly (51.7%) , 30
patientsreceving oral hypoglycemicdrugs (25.9%), 2 receving both
oral hypoglycemic drugs and insulin (1.7%) and 24 patients not
receivingany medications (20.7%) (Table 4).

Table (4): treatment of DM among hemodialysis patients:

Variable Total =116

No %
Insulin only 60 51.7%
Oral hypoglycemic 30 25.9%
both 2 1.7%
No medication 24 20.7%

It was observed thatretinopathy is the most common complications
of DM in hemodialysis patients (26.7%) followed by nephropathy
(17%) followed by hypoglycemia (11.2%). And the least
complications of DM that observed in our study is diabetic
ketoacidosis (3.4%) (Table 5,fig 2).

Table (5): Diabetic complication

Variable Total =116
No %

No complication 34 29.3%
Retinopathy 31 26.7%
Hypoglycemia 13 11.2%
Nephropathy 17 14.7%
Cardiac 7 6%
Neuropathy 10 8.6%
DKA 4 3.4%
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Figure (2): Diabetic complication

As regard causes of ESRD, we discovered that hypertension is the
most common cause of renal failure (64.8%) followed by obstructive
uropathy (16%) followed by diabetes mellitus ( 15.4%) (Table 6,fig 3).

=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::::::::::::::::::::
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Table (6): Causes of chronicrenal failure: Table (9):agedistribution of the studied groups

Variable Total =755 Groups Groups | Total AGE P
(Mean +sd)
No % Group (1): Include non Not diabetic | 639 | 49.1x14.4 |0.001*

iabetic patients,
HIN 489 64.8% (et patents

0 Group 2 with bleod Diabetic patients .A 14 59+12.2
DM 116 15.4% il controlled with bloed glucese

st

OBSTRUCTED 121 16% controlled without
INFLAMATORY 61 8.1% any blood glucose

lowering

NSAID 29 3.8% medications.
OTHERS 28 3.7% Diabetic controlled .B 32 | 57.3+13.8

with insulin only.
DONOT KNOW 60 19% Diabetic controlled .C | 2 | 5856
with both insulin
and oral
hypoglycemic drugs.
Diabetic controlled .D 15 57.06+9.8
with oral

30% 4 hypoglycemic drugs
54.8% only.
Group 3 Include patients Diabetic not .A 28 | 56.7x10.9
with bloed glucese controlled with
uncontrolled insulin.
Diabetic not .B 15 58.8+8.5
controlled with oral
hypoglycemic drugs.
Diabetic not .C 10 59.5+8.9
controlled without
any blood glucose
lowering

100 5

0%

Diabetic not .D 10 59.5+8.9
controlled without
any blood glucose
lowering
medications.

HTN

NSAID

OBSTRUCTED

INFLAMATORY
OTHERS

DONOT KNOW |

Figure (3): Causes of chronicrenalfailure:

In our study there was 63 hemodialysis patients with blood glucose
controlled (by HbA1c) with percentage of 54.3% and 53
hemodialysis patients were uncontrolled with percentage of 45.7%
(Table 7).

Table (7):HA1-C of Diabetic patient

Variable Total =116
No Y%
Controlled 63 54.3%
Un controlled 53 45.7%
Range 2.1-15.7
Mean +sd 7.1£2.02

Patients in our study were divided into 9 groups and results as
follow: (Table 8).

Fig 4 Shows age distribution of the studied groups
Table (8): Grouping of the studied patients

Groups Groups Total =755 Table (10): Sex distribution of the studied groups
No % Groups Groups | Total Male | Female | P
Group (1): | Not diabetic 639 84.6%
Include non
dinbeic Group (1): Not diabetic | 639 | 403(63.1%) | 236 |03
|__patients . — . . Include non (36.9%)
Group 2 with | Diabetic patients with blood glucose Al 14 1.9% diabetic
blood glucose | controlled without any blood glucese lowering patients.
controlled medications. . .
Diabetic controlled with insulin only. .B | 32 4.2% (.;roup 2 gl‘lﬁl(;‘s"::l‘nl::::lee‘;“w‘;’:;::‘:’:::d 14 9(64.3%) | 5(35.7%)
Diabetic controlled with both insulinand  .C | 2 | 03% with blood | 0 eose lowering
: glucose 8
oral hypoglycemic drugs. lled medications.
Diabetic controlled with oral hypo glycemic .D | 15 2% controlled 557,k cfic controlled with 32 | 22(688%) | 1031.3%)
drugs only. insulin only. .
Group 3 ADiabetic not controlled with insulin, | 28 | _3.7% CDiabetic controlled with 2 160%) | 160%)
s - 3 both insulin and oral
Include | B.Diabetic not controlled with oral 15 2% hypoglycemic drugs.
patients with hypoglycemic drugs. D.Diabetic controlled with oral| 15 5(33.3%) | 10(66.7%)
blood glucose | C.Diabetic not controlled with both oral 0 0% hypoglycemic drugs only.
uncontrolled hypoglycemic drugs and insulin. Group 3 A.Diabetic not controlled wi$ 28 16(57.1%) | 12(42.9%)
- ) Ty 0 Tnelud insulin,
D.Diabetic not controlled w1tho['lt any b!()od. 10 1.3% " BDiabetic not controlied with 3 @67 | 8G33%)
glucose lowering medications. P’:l ;{l‘sd oral hypoglycemic drugs
with bloo 3 0
Table 9 shows significant difference in age of studied patients (p- glucose Sﬂ:ﬂfﬁ;‘;}:ﬁ;‘ﬁ;ﬁ'ﬁﬁﬂe 10 a0 | 360
value=0.001%). uncontrolled lowering medications.




Table 11 shows significant difference in BMI of studied patients (p-

value=0.001%).

Table(11):BMI of the studied groups
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Groups Total BMI P
(Mean +sd)
Group (1): Not diabetic | 639 24.1£2.4 | 0.001
Include non
diabetic
Datients.
Group2 | A.Diabetic patients with blood | 14 254£2.5
with blood | glucose controlled without any
glucose blood glucose lowering
controlled dicati
B.Diabetic controlled with insulin | 32 26.2+£3.4
onlv.
C.Diabetic controlled with both 2 26.5+0.7
insulin and oral hypoglycemic
drugs.
D.Diabetic controlled with oral 15 25.1+2.3
hvpoglvcemic drugs onlv.
Group3 | A.Diabetic not controlled with| 28 25£2.5
Includ insulin.
patients | B.Diabetic not controlled with oral 15 26.4+2.7
with blood hvooglveemic drues.
glucose C.Diabetic not controlled without 10 259423
uncontrolled any blood glucose lowering
medications.
265 pivd 264
269
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Fig 5: Shows BMI of the studied groups.

HCV was in 376 patients out of total 755 by percentage 49.8%

(Table12).

Table (12):HCV among the studied groups

Groups | Total Positive |  Negative
HCV HCV
Group (1): Include non Not diabetic | 639 | 325(50.9%) 314
diabetic patients. (49.1%)
Group 2 with blood | A.Diabetic patients with blood | 14 6(42.9%) | 8(57.1%)
glucose controlled | gjucose controlled without any
blood  glucose  lowering
medications.
B.Diabetic controlled with | 32 14(43.8%) | 18(56.2%)
insulin only.
C. controlled with both insulin 2 2(100%) 0
and oral hypoglycemic drugs.
D.Diabetic controlled with oral | 15 8(53.3%) | 7(46.7%)
hypoglycemic drugs enly.
Group 3 Include | A.Diabetic not controlled with | 28 10(35.8%) | 18(64.3%)
patients with blood insulin,
uncv:mn‘olle d B.Diabetic not controlled with | 15 8(53.3%) | 7(46.7%)
oral hypoglycemic drugs.
C.Diabetic not controlled | 10 3(10%) 7(70%)
without any blood glucese
lowering medications.

Table (13): HB of the studied groups
Groups Total | HB P
(Mean
1sd)
Group (1): Include non Not diabetic | 639 | 9.5:24 | 05
diabetic patients.
Group 2 with blood | ADiabetic patients with blood | 14 | 9.8£0.7
glucose controlled | glucose controlled without any
blood glucose lowering
medications.
B.Diabetic controlled with 32 9.8£1.9
insulin only.
C.Diabetic controlled with 2 10.8£0.1
both insulin and oral
hypoglycemic drugs.
D.Diabetic controlled with oral| 15 8.8£1.9
hypoglycemic drugs only.
Group 3 Include | ADiabetic not controlled with | 28 | 10.1£1.6
patients with blood insulin.
glucose uncontrolled | B.Diabetic not controlled with | 15 9.5£1.9
oral hypoglycemic drugs.
C.Diabetic not controlled 10 9.4£1.8
without any blood glucese
lowering medications.

Table 14 :shows significant difference in RBS in diabetic and non
diabetic patients (p=0.001%).

Table (14):RBS of the studied groups

Groups Total RBS P
(Mean sd)
Group (1): Include non Not diabetic | 639 | 111.9£13.8 | 0.001*
diabetic patients
Group 2 with blood | A.Diabetic patients with 14 | 125.2435.06
glucose controlled | blood glucose controlled
without any bleod
glucose lowering
medications.
B.Diabetic controlled 32| 12934477
with insulin only.
CDiabetic controlled 2 137422.6
with bot h insulin and
oral hypoglycemic drugs.
D.Diabetic controlled 15 118426.6
with oral hypoglycemic
drugs only.
Group 3 Include | A.Diabetic not controlled | 28 | 180.2+56.6
patients with blood with insulin.
glucose uncontrolled | B.Diabetic not controlled | 15 158.1448.6
with oral hypoglycemic
drugs.
C.Diabetic not controlled | 10 194.1437.4
without any bleod
glucose lowering
medications.
200+ 1802 =
180 4203 .
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Table (15): Urea pre treatment of the studied groups

Groups Total Urea pre P
(Mean +sd)
Group (1) Not diabetic | 639 137.3£364 | 04
Include non
diabetic
patients.
Group 2 | ADiabetic patients with blood 14 142.5+15.01
with blood | glucose controlled without any
glucose blood glucose lowering
controlled medications.
B.Diabetic controlled with insulin 32 132.2+20.6
only.
C.Diabetic controlled with both 2 158+25.4
insulin and oral hypoeglycemic
drugs.
D.Diabetic controlled with oral 15 121.4+31.7
hypoglycemic drugs only.
Group 3 | ADiabetic not controlled with 28 136.5+27.2
Includ insulin,
patients | B.Diabetic not controlled with oral 15 148+82.4
with blood hypoglycemic drugs.
glucose | C.Diabetic not controlled without 10 125.8+£20.4
uncontrolled | any blood glucose lowering
medications.

Table (16): Urea post treatment of the studied groups

Groups Total | Urea post P
(Mean +sd)
Group (1): Not diabetic | 639 57.4£14.3 0.1
Include non
diabetic
patients,
Group 2 | ADiabetic patients with blood 14 55.7£9.6
with blood | glucose controlled without any
glucose | blood glucose lowering
controlled medications.
B.Diabetic controlled with insulin 32 55.2£12.7
only.
C.Diabetic controlled with both 2 78.5£30.4
insulin and oral hypoglycemic
drugs.
D.Diabetic controlled with oral 15 522+142
hypoglycemic drugs only.
Group 3 | A.Diabetic not controlled with 28 51.4+8.9
Include insulin.
patients | B.Diabetic not controlled with oral 15 56.2£15.6
with bleod hypoglycemic drugs.
glucose | C.Diabetic not controlled without 10 55.349.7
uncontrolled | any blood glucose lowering
medications.

Table (17): Serum creatinin of the studied groups

Groups Total | Urea post P
(Mean +sd)
Group (1) Not diabetic | 639 6.5+2.02 0.3
Include non
diabetic
tients.
Group 2 | ADiabetic patients with blood 14 5.7+0.6
with blood | glucose controlled without any
glucose blood glucose lowering
controlled medications.
B.Diabetic controlled with insulin 32 6.009+1.03
only.
C.Diabetic controlled with both 2 6+0.9
insulin and oral hypeglycemic
drugs.
D.Diabetic controlled with oral 15 6.4+1.7
hypoglycemic drugs only.
Group 3 | A.Diabetic n ot controlled with 28 6.1£1.9
Include insulin.
patients | B.Diabetic not controlled with oral| 15 5.8£1.1
with blood hypoglycemic drugs.
glucose | C.Diabetic not controlled without 10 6.2+1.8
uncontrolled | any blood glucose lowering
medications.

DISCUSSION

Diabetes mellitus (DM), commonly referred to as diabetes, is a group
of metabolic diseases in which there are high blood sugar levels
overaprolonged period (WHO, "About diabetes,2014).

As of 2016, 422 million people have diabetes worldwide, (World
Health Organization,2016) . up from an estimated 382 million
people in 2013 (Shi,et al ;2014) .and from 108 million in 1980
(World Health Organization,2016). Accounting for the shifting age
structure of the global population, the prevalence of diabetes is
8.5% among adults, nearly double the rate of 4.7% in 1980 (World
Health Organization,2016). Type 2 makes up about 90% of the
cases (Williams textbook of endocrinology ,12" ed., Vos T, et al
2012). Some data indicate rates are roughly equal in women and

men, (Vos et al.,2012). but male excess in diabetes has been found
in many populations with higher type 2 incidence, possibly due to
sex-related differences in insulin sensitivity, consequences of
obesity and regional body fat deposition, and other contributing
factors such as high blood pressure, tobacco smoking, and alcohol
intake (Gale etal., 2001, Meisingeretal.,2002).

The World Health Organization (WHO) estimates that diabetes
mellitus resulted in 1.5 million deaths in 2012, making it the 8th
leading cause of death (World Health Organization 2013., World
Health Organization,2016). However another 2.2 million deaths
worldwide were attributable to high blood glucose and the
increased risks of cardiovascular disease and other associated
complications (e.g. kidney failure), which often lead to premature
death and are often listed as the underlying cause on death
certificates rather than diabetes (World Health Organization,
2016, PublicHealth Agency of Canada, 2011).

Diabetic nephropathy is the leading cause of end-stage renal failure
(ESRF) (Coresh et al.,2007), representing 30-45% of the UK. and
U.S. (USRDS 2007) populations undergoing long-term maintenance
hemodialysis. Hypoglycemia is common because of impaired renal
gluconeogenesis, malnutrition, and the increased half-life of insulin
and hypoglycemic agents (KDOQI,2007). The annual mortality
among diabetic patients undergoing hemodialysis is high and is
predominately dueto cardiovascular disease (CVD) (USRDS,2007).
Diabetic nephropathy is the leading cause of chronic kidney disease
in patients starting renal replacement therapy (US Renal Data
System: USRDS 2003) and is associated with increased
cardiovascular mortality (Valmadrid et al.,2000).

A history of diabetes, hypertension, or cardiovascular disease (CVD)
confers the highest risk for developing CKD, and individuals who
have such a history should be screened (Leveyetal.,2007).

Intensive glycemic management delays progression of
microvascular disease (American Diabetes Association. 2002;
Diabetes Control and Complications Trial2005; Action to Control
Cardiovascular Risk in Diabetes Study Group.2008; ADVANCE
Collaborative Group.2008) and improves malnutrition (Cano et
al.,2002); however, large randomized controlled trials show no
mortality benefit in high-risk groups with CVD (Action to Control
Cardiovascular Risk in Diabetes Study Group. 2008); American
Diabetes Association. 2008). Hypoglycemic events increase with
intensive treatment and in the presence of CVD can cause fatal
dysrhythmia (Diabetes Control and Complications Trial Research
Group.1993). UK. diabetes guidelines advise against intensive
treatment aimed to lower A1C levels <6.5% (NICE, 2008), whereas
American guidelines caution against values <7% (American
Diabetes Association ,2007). No evidence-based guidelines for the
glycemic targets for diabetic patients with ESRF undergoing long-
term maintenance hemodialysis are available.

Optimum glycaemic control of diabetic patients with CKD is a topic
of considerable uncertainty and confusion (Slinin et al.,2012). In
diabetic patients with ESRD receiving chronic haemodialysis,
several large observational studies have highlighted the risks
associated with low haemoglobin Alc (HbA1c) levels. Data from
these studies suggest that not only hyperglycaemia, but also low
glucose levels (<5.55 mmol/l) are associated with increased
mortality risk (Williams et al.,2006& Kalantar-Zadeh et al.,2007 &
Ricksetal.,2012).

Although benefits associated with better glycemic control in
dialysis patients have been reported in several small observational
studies (Tzamaloukas et al., 1993 &Oomichi et al.,2006) , other
larger observational studies have found no significant correlation
between tight glycemic control and survival (Williams etal.,200&,
Duong etal.,2011).
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The HbA1c target that is associated with the best outcome in
predialysis CKD patients has not been established. Target HbA1c
levels should be tailored to the individual, balancing the
improvement in microvascular complications with the risk of
hypoglycemia. For most predialysis CKD patients, we suggest using
an HbA1c target of approximately 7 percent, although the risks and
benefits of targeting this goal are uncertain. Data supporting this
goal are from studies of non-CKD patients and are discussed
elsewhere (Jeffrey S Berns,et al; 2016). This goal is consistent with
the 2012 Kidney Disease Outcomes Quality Initiative (K/DOQI)
(National Kidney Foundation, 2012) and Kidney Disease: Improving
Global Outcomes (KDIGO) (KDIGO ,2013 ) guidelines for patients
with CKD. We also agree with K/DOQI and KDIGO that patients who
are at risk for hypoglycemia should not be treated to an HbA1c <7
percent and that the target HbA1c may be higher than 7 percent in
individuals who have comorbidities or limited life expectancy and
who are at risk for hypoglycemia (National Kidney Foundation
,2012&KDIGO,2013).

Amongdialysis patients, targetan HbA1c goal of 7 to 8 percent, with
the specific goal in individual patients based upon the risk of
hypoglycemia and presence of comorbid conditions. For patients
who are relatively young (<50 years) and without significant
comorbid conditions, we target an HbA1c goal that is close to 7
percent (ie, 7 to 7.5). However, among older patients with multiple
comorbid conditions, the HbA1c target is closer to 8 percent (ie, 7.5
to8).

The A1C is a measure of the irreversible nonenzymatic glycation
product of one or both NH2-terminal valines of the 3-hemoglobin
chain. In ESRF, the A1C assay can be affected by interference from
carbamylated hemoglobin formed from urea-derived isocyanate
thataccumulates in uremia (Lee et al., 2002). However, advances in
reverse-phase cation exchange HPLC analyzers, as used in this
study, allow for greater hemoglobin peak separation (Schnedl et
al.,2005).

In patients without ESRF, the A1C value is routinely used to assess
long-term glycemic control, and assays are standardized to those
used in the Diabetes Control and Complications Trial (Rohlfing et
al.,2002). There is a strong correlation between A1C values and the
weighted mean glucose values of the preceding 2-3 months
(Rohlfing etal.,2002).

The validity of the A1C measurement in patients with ESRF
undergoing hemodialysis depends on the methodology (Little
RR,et al 2002). A number of factors may influence the assay
including altered red blood cell (RBC) life span and metabolic and
mechanical factors (Nissenson AR, et al 2002). Potential metabolic
factors are interference from carbamylated hemoglobin formed in
uremia and acetylated hemoglobin formed from long-term aspirin
use (Bryetal.,2001).

Glycated hemoglobin is better than fasting glucose for determining
risks of cardiovascular disease and death from any cause (Selvin et
al.,2010).

In many diabetic dialysis patients with established DM a decline in
insulin requirements and even spontaneous hypoglycemia can also
occur (Mak,2000). The reasons for alterations in glucose
homeostasis involve various mechanisms related to both decreased
kidney function and dialysis therapies (Kalantar-Zadeh et al.,
2009). Renal clearance of insulin is significantly diminished once
GFR declines below 15-20 ml/min (Mak,2000). Hepatic clearance of
insulinalso tends to decline in uremia, although it may improve after
dialysisinitiation (Mak,2000).

Patients with impaired kidney function are prone to hypoglycaemia
owing toadelayin the metabolism and excretion of insulin, which is
partly degraded in the kidney, and of oral hypoglycaemic agents.
Two reports have suggested that most emergency cases of severe

hypoglycaemia in patients with substantially impaired kidney
function occurin those who have received sulphonylureas orinsulin
therapy (Hanedaetal.,2009 & Holstein et al.,2003).

Asinthe non-CKD population, the treatment of nondialysis CKD and
dialysis patients with diabetes involves both nonpharmacologic
and pharmacologictherapies (Gargetal.,2013).

The nonpharmacologic therapies include dietary modification,
exercise, and weight reduction. The additional burden of CKD
dietary requirements (for example salt, protein, and volume
restrictions) may further complicate diets in patients with diabetes
(JeffreyBernsetal.,2016).

Pharmacologic therapies include insulin and oral agents. Our
approach varies depending upon whether patients are on dialysis or
not.

This is consistent with the 2005 K/DOQI guidelines, which suggest
that, among dialysis patients, newer insulin regimens and insulin
preparations should be used rather than oral agents for glycemic
control (K/DOQI Workgroup,2005). This is due to the lack of
adequate data concerning the use of oral agents in dialysis patients
and theirinability to adequately excrete many such agents.

Some clinicians prefer to use oral agents rather than insulin,
especially among patients who are already on these agents and
have achieved acceptable glycemic control. The preferred agents
are glipizide or repaglinide since they are primarily metabolized by
the liver, since inactive or only very weakly active metabolites are
excreted in the urine, and since the risk of hypoglycemia is lower
thanwith other oralagents (Tzamaloukas etal.,2001).

A consensus approach does not exist to the choice of insulin in
patients with diabetes and ESRD (Snyder et al.,2004). Some
suggest that long-acting insulin preparations should be avoided,
while others feel that such agents should be used.

Severe hyperglycemia, with serum glucose concentrations
occasionally >1000 mg/dL (55 mmol/L), may be observed among
dialysis patients with diabetes. Unlike those without ESRD, however,
hypovolemia and marked hypernatremia do not occur, since
glucosuria is absent in anuric individuals. The net effect is minimal
symptoms, even among those with extreme hyperglycemia
(Mak,2000).

However, these patients may have marked hyperkalemia due to
potassium efflux from cells in response to extracellular fluid
hypertonicity, as well as hyponatremia and acute intravascular
volume expansion (Montoliuetal.,1985).

Hyperglycemia is an important risk factor for the development of
microvascular disease in patients with type 2 diabetes, as it is in
patients with type 1 diabetes. This has been shown in several
observationalstudies (Kleinetal.,1994&Bash etal.,2008).

Diminished kidney function may affect renal gluconeogenesis
(Cano N.2002). The resultant deficient gluconeogenesis combined
with impaired renal insulin clearance, uremic malnutrition, and
deficient catecholamine release can contribute to a lower than
usual threshold for clinical hypoglycemia, which is a common
complication associated with adverse outcomes in dialysis patients
(Arem,1989).

Hypoglycaemia occurs not infrequently in patients with ESRD,
especially during haemodialysis sessions, and is particularly
common in those with diabetes mellitus (Akmal, 2001 & Jackson
etal.,2000 & Simic-Ogrizovicetal 2001).

Endogenous production of glucose by glycogenolysis and
gluconeogenesis maintains plasma glucose levels during the
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fasting state (Boden,2004 & Gerich, ,2000& Mather et al.,2011).
The kidney has sufficient gluconeogenic enzyme and glucose-6-
phosphate activity to generate substantial amounts of glucose via
endogenous production; renal glucose production is thought to
principally occur though gluconeogenesis rather than
glycogenolysis (Gerich, J. E,et al; 2001). The kidney contributes to
approximately 40% of gluconeogenesis and accounts for up to 20%
ofall glucose production (Meyeretal.,2002).

Diabetic retinopathy, also known as diabetic eye disease, is when
damage occurs to the retina due to diabetes. It can eventually lead
toblindness (Diabetes.co.uk.2012).

It affects up to 80 percent of people who have had diabetes for 20
years or more. (Kertes et al.,2007) At least 90% of new cases could
be reduced if there were proper treatment and monitoring of the
eyes. (Tapp et al.,2003) The longer a person has diabetes, the
higher his or her chances of developing diabetic retinopathy.
(Caroline MacEwen. 2011) Each year in the United States, diabetic
retinopathy accounts for 12% of all new cases of blindness. It is also
the leading cause of blindness for people aged 20 to 64 years.
(Engelgau, etal 2014).

We monitor glycemic control in patients with diabetes and
predialysis CKD or end-stage renal disease (ESRD) as we do in
patients with diabetes and normal kidney function. Thus, we use
serial measurements (two to four times yearly) of glycated
hemoglobin (hemoglobin HbA1c) to assess chronic glycemic
control in diabetic patients with predialysis CKD or ESRD (Jeffrey et
al.,2016).

REFERENCES

1. Abe, M. & Matsumoto, K. Glycated hemoglobin or glycated
albumin for assessment of glycemic control in dialysis patients
with diabetes? Nat.Clin. Pract. Nephrol. 4,482-483 (2008).

2. Abe, M. et al. Characterization of insulin adsorption behavior of
dialyzer membranes used in hemodialysis. Artif. Organs 35,
398-403(2011).

3. Abe, M. et al. Comparison of the effects of polysulfone and
polyester-polymer alloy dialyzers on glycemic control in
diabetic patients undergoing hemodialysis. Clin. Nephrol. 71,
514-520(2009).

4. Abe, M. et al. Relationship between erythropoietin
responsiveness, insulin resistance, and malnutrition-
inflammation-atherosclerosis (MIA) syndrome in hemodialysis
patients with diabetes. Int.J. Artif. Organs 34, 16-25 (2011).

5. Abe, M., Kaizu, K. & Matsumoto, K. Evaluation of the
hemodialysis-induced changes in plasma glucose and insulin
concentrations in diabetic patients: comparison between the
hemodialysis and non-hemodialysis days. Ther. Apher. Dial. 11,
288-295(2007).

6. Abe, M., Kaizu, K. & Matsumoto, K. Plasma insulin is removed by
hemodialysis: evaluation of the relation between plasma
insulin and glucose by using a dialysate with or without
glucose.Ther.Apher.Dial. 11,280-287 (2007).

7. Abe, M,, Kikuchi, F,, Kaizu, K. & Matsumoto, K. The influence of
hemodialysis membranes on the plasma insulin level of
diabetic patients on maintenance hemodialysis. Clin. Nephrol.
69,354-360(2008).

8. Abe, M, Okada, K. & Matsumoto, K. Plasma insulin and C-
peptide concentrations in diabetic patients undergoing
hemodialysis: comparison with five types of high-flux dialyzer
membranes. Diabetes Res. Clin.Pract.82,e17-e19(2008).

9. Abe, M., Okada, K. & Soma, M. Antidiabetic agents in patients
with chronic kidney disease and end-stage renal disease on
dialysis: metabolism and clinical practice. Curr. Drug Metab. 12,
57-69(2011).

10. Abe, M., Okada, K., Soma, M. & Matsumoto, K. Relationship
between insulin resistance and erythropoietin responsiveness
in hemodialysis patients.Clin.Nephrol.75,49-58 (2011).

11. About diabetes . World Health Organization. Archived from the

12.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

originalon 31 March 2014.Retrieved 4 April 2014.

Action to Control Cardiovascular Risk in Diabetes Study Group.
Effects of intensive glucose lowering in type 2 diabetes. N Engl J
Med 2008;358:2545-2559.

. Adler Al, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR:

Development and progression of nephropathy in type 2
diabetes: the United Kingdom Prospective Diabetes Study
(UKPDS 64).Kidney Int 63:225-232,2003.

. ADVANCE Collaborative Group. Intensive blood glucose control

and vascular outcomes in patients with type 2 diabetes. N Engl J
Med 2008;358:2560-2572.

. Ahmed MS, Reid E, Khardori N (June 24, 2008). "Respiratory

infections in diabetes: Reviewing the risks and challenges".
Journal of Respiratory Diseases.

. Akmal M, Massry SG, Goldstein DA, et al. Role of parathyroid

hormone in the glucose intolerance of chronic renal failure. J
ClinInvest. 1985;75:1037-44.

. Akmal, M. Hemodialysis in diabetic patients. Am. J. Kidney Dis.

38,5195-5199(2001).

. Alaveras AE, Thomas SM, Sagriotis A, Viberti GC: Promoters of

progression of diabetic nephropathy: the relative roles of blood
glucose and blood pressure control. Nephrol Dial Transplant 12
(Suppl.2):71-74,1997.

. American Diabetes Association. Implications of the United

Kingdom Prospective Diabetes Study. Diabetes Care 2002; 25:
$28-S32.

American Diabetes Association. Intense blood glucose control
yields no significant effect on CVD reduction in VA Diabetes Trial
[article online], 2008. Available from. Accessed 12 Sep- tember
2008.

American Diabetes Association. Standards of medical care in
diabetes—2007.Diabetes Care 2007; 30: S4-541.

American Diabetes, Association (Apr 2013). "Economic costs of
diabetes in the U.S. in 2012.". Diabetes Care. 36 (4): 1033-46.
doi:10.2337/dc12-2625.PMC 3609540 . PMID 23468086.
Andaloro VA Jr, Dube A. Treatment of retrograde ejaculation
with brompheniramine. Urology 1975;5:520.

Andersen AR, Christiansen JS, Andersen JK, Kreiner S, DeckertT:
Diabetic nephropathy in type 1 (insulin-dependent) diabetes:
an epidemiological study. Diabetologia 25:496-501, 1983.
Annual Report 2014 , (PDF). IDF. International Diabetes
Federation.Retrieved 13 July 2016.

Arem R. Hypoglycemia associated with renal failure. Endocrinol
Metab Clin North Am.1989;18:103-21.

Arjona Ferreira JC, Corry D, Mogensen CE, et al. Efficacy and
safety of sitagliptin in patients with type 2 diabetes and ESRD
receiving dialysis: a 54-week randomized trial. Am J Kidney Dis
2013;61:579.

Arjona Ferreira JC, Marre M, Barzilai N, Guo H, Golm GT, Sisk CM,
et al. Efficacy and Safety of Sitagliptin Versus Glipizide in
Patients With Type 2 Diabetes and Moderate-to-Severe Chronic
Renal Insufficiency.

Aronoff GR, Berns JS, Brier ME, et al. Drug Prescribing in Renal
Failure: Dosing Guidelines for Adults, 4th ed, American College
of Physicians, Philadelphia 1999.

Aronson D, Weinrauch LA, D'Elia JA, et al. Circadian patterns of
heart rate variability, fibrinolytic activity,and hemostatic factors
in type | diabetes mellitus with cardiac autonomic neuropathy.
AmJ Cardiol 1999; 84:449.

Astrup AS, Tarnow L, Rossing P, et al. Cardiac autonomic
neuropathy predicts cardiovascular morbidity and mortality in
type 1 diabetic patients with diabetic nephropathy. Diabetes
Care 2006;29:334.

Avram, M. M,, Lipner, H. I, Sadiqgali, R, lancu, M. & Gan, A. C.
Metabolic changesin diabetic uremic patients on hemodialysis.
Trans.Am. Soc. Artif. Int. Organs 22,412-419(1976).

Bakris G, Viberti G, Weston WM, Heise M, Porter LE, Freed MI:
Rosiglitazone reduces urinary albumin excretion in type I
diabetes.JHum Hypertens 17:7-12,2003.

Balant L, Zahnd G, Gorgia A, Schwarz R, Fabre J.
Pharmacokinetics of glipizide in man: influence of renal



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

INTERNATIONAL JOURNAL OF PURE MEDICAL RESEARCH

insufficiency. Diabetologia. 1973:331-8.

Bartoli E, Fra GP, Carnevale Schianca GP (Feb 2011). "The oral
glucose tolerance test (OGTT) revisited.". European journal of
internal medicine. 22 (1): 8-12. doi:10.1016/j.€jim.2010.07.008.
PMID 21238885.

Bash LD, Selvin E, Steffes M, et al. Poor glycemic control in
diabetes and therisk of incident chronic kidney disease even in
the absence of albuminuria and retinopathy: Atherosclerosis
Risk in Communities (ARIC) Study. Arch Intern Med 2008;
168:2440.

Bergman AJ, Cote J,YiB, et al. Effect of renal insufficiency on the
pharmacokinetics of sitagliptin, a dipeptidyl peptidase-4
inhibitor. Diabetes Care 2007;30:1862.

Bergman AJ, Stevens C, Zhou Y, et al. Pharmacokinetic and
pharmacodynamic properties of multiple oral doses of
sitagliptin, a dipeptidyl peptidase-IV inhibitor: a double-blind,
randomized, placebo-controlled study in healthy male
volunteers.ClinTher 2006; 28:55.

Bernardi L, Ricordi L, Lazzari P, et al. Impaired circadian
modulation of sympathovagal activity in diabetes. A possible
explanation for altered temporal onset of cardiovascular
disease. Circulation 1992;86:1443.

Biesenbach G, Raml A, Schmekal B, Eichbauer-Sturm G.
Decreased insulin requirement in relation to GFR in
nephropathic type 1 and insulin-treated type 2 diabetic
patients. Diabet Med. 2003;20:642—645.

BMI Classification . Global Database on Body Mass Index. World
Health Organization. 2006. Retrieved July 27,2012.

Boden, G. Gluconeogenesis and glycogenolysis in health and
diabetes. J.Investig. Med.52,375-378 (2004).

Borg H, Gottsater A, Landin-Olsson M, et al. High levels of
antigen-specific islet antibodies predict future beta-cell failure
in patients with onset of diabetes in adult age. J Clin Endocrinol
Metab 2001;86:3032.

Boulton DW, Li L, Frevert EU, et al. Influence of renal or hepatic
impairment on the pharmacokinetics of saxagliptin. Clin
Pharmacokinet2011;50:253.

Brotman DJ, Bash LD, Qayyum R, et al. Heart rate variability
predicts ESRD and CKD-related hospitalization. J Am Soc
Nephrol 2010;21:1560.

Brown JS, Wessells H, Chancellor MB, et al. Urologic
complications of diabetes. Diabetes Care 2005; 28:177.

Bruns DE, Lobo PI, Savory J, Wills MR. Specific affinity-
chromatographic measurement of glycated hemoglobins in
uremic patients. Clin Chem 1984;30:569.

Bry L,Chen PC,Sacks DB: Effects of hemoglobin variants and
chemically modified derivatives on assays for
glycohemoglobin.Clin Chem 2001;47:153-163

Burmeister, J. E., Scapini, A., da Rosa Miltersteiner, D., da Costa,
M. G. & Campos, B. M. Glucose-added dialysis fluid prevents
asymptomatic hypoglycemia in regular haemodialysis.
Nephrol.Dial. Transplant.22,1184-1189 (2007).

Butalia S, Kaplan GG, Khokhar B, Rabi DM (Aug 18, 2016).
"Environmental Risk Factors and Type 1 Diabetes: Past, Present,
and Future". Can J Diabetes (Review). pii: $1499-
2671(15)30052-6. doi:10.1016/j.jcjd.2016.05.002. PMID
27545597.

Cano N.Bench-to-bedside review: glucose production from the
kidney. Crit Care.2002;6:317-21.

Cano NJ, Roth H,Aparicio M,Azar R, Canaud B, Chauveau P,
CombeC, Fouque D, Laville M, Leverve XM : Malnutrition in
hemodialysis diabetic patients: evaluation and prognostic
influence.Kidney Int2002;62:593-601.

Caroline MacEwen. "diabetic retinopathy". Retrieved August 2,
2011.

Cash, Jill (2014). Family Practice Guidelines (3rd ed.). Springer. p.
396.1SBN9780826168757.

Centers for Disease Control and Prevention (CDC).
Hospitalization discharge diagnoses for kidney disease--United
States, 1980-2005. MMWR Morb Mortal Wkly Rep 2008; 57:309.
Cervin C, Lyssenko V, Bakhtadze E, et al. Genetic similarities

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

between latent autoimmune diabetes in adults, type 1
diabetes, and type 2 diabetes. Diabetes 2008; 57:1433.

Chan JC, Scott R, Arjona Ferreira JC, et al. Safety and efficacy of
sitagliptin in patients with type 2 diabetes and chronic renal
insufficiency. Diabetes Obes Metab 2008; 10:545.

Charpentier G, Riveline JP, Varroud-Vial M. Management of
drugs affecting blood glucose in diabetic patients with renal
failure. Diabetes Metab 2000; 26 Suppl 4:73.

ChaturvediN, Bandinelli S, Mangili R, Penno G, Rottiers RE, Fuller
JH: Microalbuminuria in type 1 diabetes: rates, risk factors and
glycemicthreshold.Kidney Int60:219-227,2001.

Chiang JL, Kirkman MS, Laffel LM, et al. Type 1 diabetes through
the life span: a position statement of the American Diabetes
Association. Diabetes Care 2014;37:2034.

Cohen JA, Estacio RO, Lundgren RA, et al. Diabetic autonomic
neuropathy is associated with an increased incidence of
strokes. Auton Neurosci2003; 108:73.

Collins, A. J. et al. Excerpts from the US Renal Data System
Annual Data Report. Am.J.Kidney Dis. 55,51-5420(2010).
Cooke DW, Plotnick L (November 2008). "Type 1 diabetes
mellitus in pediatrics”. Pediatr Rev. 29 (11): 374-84; quiz 385.
doi:10.1542/pir.29-11-374.

Coresh J, Byrd-Holt D, Astor BC, et al. Chronic kidney disease
awareness, prevalence, and trends among U.S. adults, 1999 to
2000.J Am Soc Nephrol 2005; 16:180.

Coresh J,Selvin E, Stevens LA, Manzi J, Kusek JW,Eggers Pvan
Lente F.Levey AS: Prevalence of chronic kidney disease in the
United States. JAMA 2007;298:2038-2047.

Craig KJ, Donovan K, Munnery M, Owens DR, Williams JD,
Phillips AO: Identification and management of diabetic
nephropathy in the diabetes clinic. Diabetes Care
26:1806-1811,2003.

Cusi K, Maezono K, Osman A, et al. Insulin resistance
differentially affects the Pl 3-kinase- and MAP kinase-mediated
signalingin human muscle.J Clin Invest.2000;105:311-20.
Daniels ID, Markell MS. Blood glucose control in diabetics: II.
Semin Dial 1993;6:394.

David K McCulloch, MD, David M Nathan, MD, Joseph |
Wolfsdorf, MB, BCh, Jean E Mulder, MD: Classification of
diabetes mellitusand genetic diabetic syndromes, Oct 06,2014.
de la Monte, SM (December 2014). "Type 3 diabetes is sporadic
Alzheimer’s disease: mini-review." European neuropsycho
pharmacology : the journal of the European College of
Neuropsychopharmacology. 24 (12):1954-60.

)



