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Abstract
Background: For diabetic treatment, Dulaglutide has been used and effective as a glucagon-like peptide-1 receptor analogue (GLP-1 RA). This
report is to describe the various responses and to analyze dulaglutide administration in the elderly with DM. Case presentation: Two patients
were Type 2 Diabetes Mellitus (T2DM) treated with add-on therapy of Dulaglutide. Case 1 is 81-year-old female is diabetic for 2 years, and on
Metformin and Glimepiride as Oral Hypoglycemic Agents (OHAs). Her HbA1c was higher with 10.6% and she was started to given Dulaglutide
0.75mg. Remarkable efficacy was found in 3 months with HbA1c 6.7%. Value of LDL-C increased from 135 mg/dL to 158 mg/dL. Case 2 is 83year-old male with 27 years of diabetes. He was on medication of Metformin and Glimepiride. His HbA1c persisted around 9.0%-9.4%, then he
was provided Dulaglutide as add-on therapy. In 3 months, HbA1c decreased to 8.2% and LDL-C increased from 57 mg/dL to 116 mg/dL.
Discussion and conclusion: Dulaglutide is a useful GLP-1 RA with once a week administration. There were some reports concerning LDL
changes after dulaglutide therapy, showing that the changes may depend on the basal LDL value before the administration of dulaglutide.
Dulaglutide may influence lipid metabolism. This report is expected to become reference in diabetic practice and research in the future.
Keywords: Dulaglutide, Glucagon-like Peptide-1 Receptor Analogue, Type 2 Diabetes Mellitus, Oral Hypoglycemic Agents, Heisei Medical
Welfare.
Abbreviations: GLP-1 RA-Glucagon-like Peptide-1 Receptor Analogue, T2DM-Type 2 Diabetes Mellitus, OHAs-Oral Hypoglycemic Agents,
HMW-Heisei Medical Welfare, eGFR-Estimated Glomerular Filtration Rate.

Introduction
Across the world, diabetes has been a major healthcare matter and
given a burden for countries and districts socially and medically.
Among them, estimated adults with Type 2 Diabetes Mellitus (T2DM)
would be 415 million. Furthermore, there may be 200 million people
with undiagnosed diabetes yet. Impaired glucose variability for long
time brings T2DM patients macrovascular and microvascular
complications. This pathophysiology will increase the risk of Chronic
Kidney Disease (CKD) and Cardiovascular Disease (CVD).
Consequently, improved achievement of glycemic control less than 7%
of glycated hemoglobin (HbA1c) would be necessary. For fundamental
therapy for diabetes, principle treatments in usual clinical practice
include diet therapy and pharmacotherapy [1-5].
As to nutritional therapy for diabetes, former method of standard diet
treatment was Calorie Restriction (CR). CR has been rather difficult to
improve diabetic condition and to maintain CR for long. After that,
Low Carbohydrate Diet (LCD) was introduced in practice medical
region and health care field by Dr Atkins and Bernstein. LCD has
become rather well-known for its clinical effects of glucose-lowering
and weight reduction in Western countries. In contrast, authors and coresearchers had started LCD in Japan. We have developed three types
of LCD-meal for everyone to understand and continue LCDs. These
are petite-LCD, standard-LCD and super-LCL, including carbohydrate

ratio of 40%, 26%, and 12%, respectively. Furthermore, we have
established Japan LCD Promotion Association (JLCDPA) and
developed social movement of developing LCD leading to healthy life
for everyone. We have also continued diabetic research on glucose
variability, Morbus (M) value, CR/LCD, Meal Tolerance Test (MMT)
of CR/LCD, elevated ketone bodies in the axis of pregnant mother,
newborn, umbilical cord and placenta. Thus, standard diet therapy for
diabetes has been gradually changing from CR to LCD [6-11].
Regarding pharmacotherapy for diabetes, there have been long history
and also standard therapeutic method recommended by American
Diabetes Association (ADA) and International Diabetes Federation
(IDF). Currently, several types of Oral Hypoglycemic Agents (OHAs)
and injections have been available. Among them, it is metformin that
has been evaluated to be the first provided OHA for T2DM. Primary
care physicians and also diabetologists have provided metformin to
T2DM patients for a fundamental OHA. It shows various beneficial
effects, including low cost, safety, no hypoglycemia, weight neutrality
and positive results for cardiovascular outcomes [12-14].
Consequently, there have been various discussions about add-on to
metformin as first line of OHA. In the case of elderly diabetic,
decreased Estimated Glomerular Filtration Rate (eGFR) has to be
considered for first line metformin administration. Then, dulaglutide
has been beneficial for an option of add-on therapy.
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Another benefit would be clinical convenience for elderly, which can
be administered once a week with satisfactory clinical efficacy in the
diabetic practice. Its beneficial efficacy on glycemic control and weight
control were maintained at 52 weeks and also 104 weeks. In the case of
add-on treatment to sulfonylurea, administration of dulaglutide showed
significant decreased HbA1c with satisfactory achieving target HbA1c
levels. Furthermore, the beneficial point of dulaglutide is rather safer
administration for diabetic patients with higher age and also CKD [1517].
Authors have continued clinical practice for patients with diabetes,
CKD, Non-Communicable Diseases (NCDs) and elderly having
multiple medical and health problems for years. We have large
complex medical association of hospitals, nursing homes, nursing
college, international hospitals and others. It is called the Heisei
Medical Welfare (HMW) group with more than 10000 beds, 15000
working staffs and 80 facilities [18-20].

once a week by injection from December, 2019 as an add-on therapy
for diabetes. After that, her glycemic variability showed remarkable
improvement. Three months later, her HbA1c and fasting blood
glucose was 6.7% and 95 mg/dL (Figure 1). As for clinical symptoms,
she had no complaints concerning diabetes before and after Dulaglutide
treatment. As regards to lipids, values of HDL-C and Triglyceride did
not change significantly. In contrast, LDL-C showed a little elevated
tendency by the administration of Dulaglutide. The treatment other
than Dulaglutide was not changed. Currently, she has been on
Metformin, Glimepiride, Fexofenadine 120mg/day and Dulaglutide
0.75mg/week. The treatment has been the same as before, with the
addition of Dulaglutide.

HMW has specialized in convalescent and chronic medical care, and
has developed many facilities for many years in Tokushima, Tokyo,
Osaka, Indonesia, etc. It has important missions and functions such as
saving all people, adequate Post-Acute Care (PAC) and Sub-Acute
Care (SAC). Among our daily practice, we have experienced
impressive elderly cases with T2DM. They have received standard
therapy, but not been in satisfactory situation. We have started the
administration of dulaglutide as add-on therapy, then their clinical
progress showed improvement. From their responses in detail, we will
discuss the dulaglutide administration in the elderly with DM and the
adequate parameters or outcomes that can be assessed in their clinical
courses in this article.

Case 1
Present History
The case was 81-year-old female patient with the diabetic duration of 1
year. She had fatty liver and right total hip arthroplasty in 2014,
followed by sometimes complaining of right ankle pain and right calf
swelling. She received the operations of intraocular lens and has
continuing eye drops, because of bilateral cataract, glaucoma,
conjunctivitis and dry eye after 2015 until now. She was diagnosed
with left peripheral facial nerve palsy and started rehabilitation and oral
medication in 2018. After that, she was pointed out to have T2DM for
annual health check-up in autumn, 2019. Then, she was provided
metformin 500 mg, and glimepiride 1mg per day as OHA before
dulaglutide administration.

Physicals and Labs
She has unremarkable findings for consciousness, vitals, and physical
exams. She did not show progressed retinopathy or nephropathy, but
slight neuropathy in the hands and feet. Her physique showed 156.9cm
in height, 59.0kg in weight, Body Mass Index (BMI) 24.0 kg/m2.
Laboratory tests showed as follows: The fundamental peripheral blood
and biochemical data were: WBC 5600/μL, RBC 4.44 x 106/μL, Hb
13.9 g/dL, Plt 15.2 x 10 4/μL, AST 36 IU/mL, ALT 63 IU/mL, r-GTP
120 U/L, BUN 28 mg/dL, Cre 0.7 mg/dL, Uric Acid 5.3 mg/dL, eGFR
63.2 ml/min/1.73m2, HDL 66 mg/dL, LDL 135 mg/dL, TG 150 mg/dL,
CPK 150 U/L (45-163). Data related diabetes were HbA1c 10.6%, preprandial glucose 190 mg/dL. Urine analysis revealed protein 15 mg/dL,
0.1g/dL for glucose and negative for occult blood and ketone bodies.
Other exams showed unremarkable for ECG and chest X-P, age-related
changes in head CT scan, old inflammatory changes in lung CT scan
and fatty liver findings in abdominal CT scan.

Clinical Progress
The case with T2DM was provided Metformin 1000mg/day,
Glimepiride 1mg/day as OHAs. However, her glycemic control was
not satisfactory. Then she was started to be given Dulaglutide 0.75mg

Note: Upper: the changes in LDL, lower: the changes in HbA1c and blood glucose

Figure 1: Clinical progress of Case 1 (81F).

Case 2
Present History
The case was 83-year-old male patient. He was diagnosed as T2DM at
the age of 56 years old, and treated for 27 years. Successively, he has
suffered from arteriosclerotic diseases, including hypertension,
hyperlipidemia and angina pectoris for years from 56 to 74 years old
(2010). From 2011, he had various medical health problems, such as
Gastroesophageal Reflux Disease (GERD) with lansoprazole, diabetic
simple retinopathy, iron-deficiency anemia with dried ferrous sulfate,
constipation with magnesium oxide and pneumonia during winter.
Successively, diabetic control has not been satisfactory with HbA1c
around 9% for last 1-2 years. He has been transferred to our hospital in
May, 2019.

Physicals and Labs
He showed unremarkable findings for consciousness, vitals, lung,
heart, abdomen and extremities. He showed a little numbness in the
hands and feet. His physique showed 165.0 cm in height, 65.2 kg in
weight, Body Mass Index (BMI) 23.9 kg/m2. Blood tests including
complete blood count and biochemistry were in the following: WBC
6500/μL, RBC 5.03 x 106/μL, Hb 13.7 g/dL, Plt 27.1 x 10 4/μL, TP 7.1
g/dL, Alb 4.5 g/dL, AST 16 IU/mL, ALT 11 IU/mL, r-GTP 22 U/L,
BUN 18 mg/dL, Cre 0.8 mg/dL, Uric Acid 4.7 mg/dL, eGFR 69.9
ml/min/1.73m2, HDL 81 mg/dL, LDL 66 mg/dL, TG 57 mg/dL, CPK
86 U/L (62-287). Data related diabetes were HbA1c 9.4%, pre-prandial
glucose 156 mg/dL. Urinalysis revealed 30 mg/dL of protein, 1.0g of
glucose g/dL, +/- of ketone bodies, negative occult blood, 0.1 mg/dl of
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urobilinogen and pH of 5.0. He had unremarkable findings for ECG
and chest X-P, prostate hypertrophy and colon diverticulum in
abdominal CT scan.

Clinical Progress
He was provided pharmacotherapy for diabetes using OHAs. The
HbA1c value persisted around 9.0%-9.4%, then he was started to be
given Dulaglutide 0.75 mg once a week from December, 2019 as an
add-on therapy for diabetes. After that, his HbA1c level decreased to
8.2% in March 2020 (Figure 2). As regards to lipid profile, LDL-C
value showed increased tendency in 2-3 months, whereas HDL-C and
TG showed no changes. As for clinical symptoms, he had not shown
diabetic complaints before and after the administration of dulaglutide.
His current medication has included Metformin 1000mg, Glimepiride
1mg, Ipragliflozin 50mg, Valsartan 80mg, rosuvastatin 2.5mg,
rabeprazole 10mg and magnesium oxide 990mg per day. These
medications were not changed for several months.

randomly assigned into Dulaglutide and glargine groups and treated 52
weeks. From the studies of Continuous Glucose Monitoring (CGM) in
both groups, they showed similar results of Mean Blood Glucose
(MBG), Mean Amplitude of Glycemic Excursion (MAGE) and
Standard Deviation of Blood Glucose (SDBG). These results suggested
equivalent clinical efficacy for glucose variability [25].
Subcutaneous dulaglutide (Trulicity®) has been recognized as a GLP-1
RA, which has shown clinical efficacy for patients with T2DM for
monotherapy or add-on therapy to other OHAs. Especially, it shows
effects for high-risk patients, such as elderly, obese, those with Chronic
Kidney Disease (CKD) as stage 3 or 4 and/or Atherosclerotic
Cardiovascular Disease (ASCVD). It shows the effect of significant
risk reduction for Major Adverse Cardiac Event (MACE), which
includes nonfatal stroke, nonfatal myocardial infarction and primary
composite outcome comprising CV death. As add-on therapy to Oral
Hypoglycemic Agents (OHAs), there have been a series of AWARD
studies, which stands for Assessment of Weekly Administration of
LY2189265 in Diabetes. They include the add-on therapy to SGLT2
inhibitors, insulin glargine, glimepiride and others [26-29].
The add-on therapy of Dulaglutide has been used and investigated.
There were several studies on phase 2 and phase 3 including
cardiovascular meta-analysis, such as AWARD 1,2,3,4,5. Among
them, AWARD 2 was based on the add-on therapy for Metformin and
Glimepiride. Its protocol included 810 patients randomized to 3
groups, which were dulaglutide 1.5 mg, dulaglutide 0.75 mg, or
glargine for 78 weeks. Baseline HbA1c (mean ± SE) was 8.1%, and
HbA1c change at 52 weeks was-1.08 ± 0.06%, -0.76 ± 0.06%-1.08%
and-0.63 ± 0.06% in 3 groups, respectively [30,31].
AWARD had 5 post-hoc, pooled analysis studies for dulaglutide
administration weekly, in AWARD 1,2,3,5,6. Among them,
dulaglutide 1.5mg was added to OHA. T2DM patients (n=1424) were
investigated lipids changes for 6 months after dulaglutide therapy.
There were no significant changes in HDL-C and triglycerides, but
significant decrease of LDL-C as (-0.11 mmol/L [-4.2%], p=0.002).
Furthermore, cases with higher baseline of lipids tended to show larger
reduction in respective indices [32].

Note: Upper: the changes in LDL, lower: the changes in HbA1c and blood glucose

Figure 2: Clinical progress of Case 2 (83M).

Discussion
Recent developments of diabetic research and practice include the
presence of Intestine Secretion Insulin (INCRETIN). Among them,
Gastric Inhibitory Polypeptide (GIP) was identified by the purification
of intestinal hormone and, Glucagon-Like Peptide-1 (GLP-1) with the
incretin action was introduced. Successively, lots of investigations
revealed the mechanism of GLP-1, and its physiological role includes
various clinical functions. They are stimulating insulin secretion,
inhibiting glucagon secretion, increasing glucose production and
glucose uptake in the liver, reducing food intake through delay of
gastric emptying and central nerve system. These developments have
brought Glucagon-Like Peptide-1 Receptor Analogue (GLP-1 RA) and
also Dipeptidyl Peptidase-4 Inhibitor (DPP-4i) into clinical practice for
diabetic treatment. In particular, GLP-1 RA has been used for effective
Anti-Hyperglycemic Agent (AHA), associated with lower risk of
reverse effects and some weight reduction expected. There are a few
kinds of GLP-1 RA introduced so far, with satisfactory efficacy [2124].
Among several GLP-1RA, dulaglutide has been effective and useful
for its one a week administration. As to add-on therapy for diabetic
patients of poorly controlled OHA, comparison of Dulaglutide onceweek and glargine once-day were investigated. T2DM (n=25) were

In this study, two elderly T2DM patients showed improved HbA1c
values by the administration of dulaglutide. It is also noteworthy that
changes in LDL were found to be higher than the previous values in the
lipid profile. Therefore, the influence of dulaglutide for lipids will be
described.
In previous report, dulaglutide therapy for 26 weeks brought significant
decrease of LDL-C with no significant change in HDL-C. Such effects
seem to be mediated by the alterations in the expression of genes and
proteins, which are involved in lipid metabolism. In particular, the
expression change of Adipocyte complement-related protein of 30 kDa
(Acrp30) may be influenced. Acrp30 has a role of regulation for
glucose and lipid homeostasis from several studies. The expression and
serum levels of Acrp30 are reduced in patients with obesity and insulin
resistance [33-35].
There was another recent report as to the lipid changes for
administration of dulaglutide. The protocol was to switching therapy
from sitagliptin 50 mg daily to dulaglutide 0.75mg weekly in T2DM
patients. Clinical efficacy was observed in decreased HbA1c from
7.80% to 7.25% for 24 weeks. Further, the degree of decreased HbA1c
(delta HbA1c) showed significant correlation with baseline HbA1c,
fasting plasma glucose and Body Mass Index (BMI). Simultaneously,
lipids profile was investigated. As a result, LDL-C was significantly
decreased from 90.0 mg/dL to 78.6 mg/dL (p=0.0010), and HDL-C and
TG showed no significant changes [36].
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Among these, the correlation between the previous LDL value and
decreased value of LDL (delta-LDL) shows a significant correlation. In
other words, as the pre-LDL is higher, delta LDL becomes higher.
Similarly, as the pre-LDL is lower, delta LDL becomes lower and/or
becomes minus value. There are actual data of delta-LDL after
Dulaglutide therapy. The results were that i) 6 cases (pre-LDL<70
mg/dL) showed increased LDL-C in all cases, ii) 21 cases (71
mg/dL<pre-LDL<100 mg/dL) showed increased LDL for 6 cases, and
decreased LDL for 15 cases, iii) 6 cases (pre-LDL>101 mg/dL)
showed decreased LDL-C in all cases. For the correlations of deltaLDL, significant correlation was found between delta-LDL and
previous LDL (p=0.0012), but no significant correlation was found
between delta-LDL and TG, AST, or ALT. These results suggest that
lipid metabolism would be modified by the administration of
Dulaglutide [36].
In this study, two subjects were elderly patients who were 81 and 83
years old. Their eGFR showed 63.2 and 69.9 ml/min/1.73m2, which
were more than 60 ml/min/1.73m2 and were probably from age-related
decline. One of the beneficial points of Dulaglutide would be possible
administration to patients with CKD. There was a multicenter, openlabel trial done at 99 sites in nine countries, which was AWARD-7
study [37].
Subjects were T2DM with CKD (stage 3-4), which were randomly
assigned to three group of dulaglutide 1.5 mg, dulaglutide 0.75 mg, and
daily insulin glargine. As a result, once-weekly dulaglutide showed
glycemic control with similar degree of insulin glargine, associated
with reduced decline in eGFR. Consequently, dulaglutide seems to be
safe and effective for glycemic control for 3-4 stage CKD. In this
perspective, stage 3 or 4 means that eGFR shows 30-59, 15-29
ml/min/1.73m2, respectively. Consequently, dulaglutide can be used for
patients with impaired renal function.
There are some limitations in this study. Subjects were 2 elderly
diabetic patients, who showed improved glucose variability to
Dulaglutide with some elevation of LDL values. We cannot suggest the
mechanism of Dulaglutide for lipids profile from small numbers of
clinical cases, but would investigate other elder cases successively.
Furthermore, authors have continued comprehensive medical practice
with chronic medical care for years. Each patient has various needs of
adequate Post-Acute Care (PAC) and Sub-Acute Care (SAC), then we
should deal with each problem from holistic point of view.
In summary, we described two diabetic patients treated by dulaglutide
and some discussions concerning to GLP-1RA, lipids profiles and
others. Some recommendations for dulaglutide administration may
include elderly, subjects with CKD or decreased eGFR for expecting
better clinical results. This report would be expected to become a
reference for diabetic practice and research in the future.
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