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Abstract 

There is strong evidence of type 2 diabetes mellitus-associated hippocampal atrophy. Insulin 

resistance, poor HbA1c level control, oxidative stress, vascular complication, higher cortisol 

levels and neuroinflammation in diabetes mellitus contribute to the reduction of hippocampus 

volume. The hippocampus plays an important role in the storage and retrieval of declarative 

memory. The hippocampus volume reduction could trigger declarative memory impairment. The 

present review article aims to provide an overview of the impact of type 2 diabetes mellitus on the 

hippocampus and its effect on memory. 
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Introduction 

As a result of high-calorie diets and sedentary 

lifestyles, the global prevalence of diabetes 

mellitus is increasing. The ageing population is 

also an essential factor contributing to the 

increasing prevalence of diabetes mellitus. 

Diabetes mellitus is an endocrine disorder 

characterized by inadequate insulin secretion 

by beta-cells (β-cells) of the pancreas or 

resistance by skeletal muscles towards the 

secreted insulin. According to International 

Diabetes Federation (IDF) 2017, 425 million 

people worldwide have diabetes, estimated to 

affect 629 million people by 2045. The second-

highest number of people with diabetes in the 

world is in India (69.2 million), which is 

hypothesized to increase to 123.5 million by 

2040. (1) The data states that diabetes mellitus 

is more prevalent in developing countries, a big 

reason for worry. Type 2 diabetes mellitus 
(T2DM) is an emerging chronic complication 
faced by humans, a cause of concern to the 
healthcare system,  by accommodating an 
enormous economic burden. 
According to global statistics among all types 
of diabetes, around 90% of cases were 
contributed by T2DM. (1) Epidemiological 
studies have associated T2DM with an 
increased risk of cognitive impairment, from 
mild cognitive impairment (MCI) to dementia. 
(2-6) T2DM has been associated not only with 
subtle cognitive deficits like mental speed and 
flexibility but also with an increased risk for 
developing significant disruptive cognitive 
function in memory decrement. (7-10) T2DM 
is well known for its adverse impacts on the 
hippocampus, leading to memory deficits. 
(11,12) 
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underlying hippocampal atrophy; however, 

many questions' answers remain unclear.  

T2DM 

T2DM is a chronic metabolic disorder with an 

elevated plasma glucose level for a prolonged 

period due to increased hepatic glucose 

production, insulin resistance, and abnormal 

pancreatic β-cells function. Insulin resistance is 

considered a primary pathophysiologic disorder 

in T2DM. Insulin resistance is a metabolic state 

with an abnormal expression of insulin receptor 

response towards the insulin produced. (15) 

The specific pathway involved in -cells 

dysfunction is ambiguous, though inherited 

genetic and acquired factors such as obesity, 

sedentary lifestyle and ageing are considered to 

be the prominent causes. Impaired glucose 

tolerance, generally termed prediabetes, 

proceeds to T2DM. T2DM constitutes a 

heterogeneous constellation of disease 

syndromes that end with the final result of 

hyperglycemia. 

Figure 1: Factor contributing to insulin resistance and -cells dysfunction in T2DM 

Hippocampus 

The hippocampus is involved in the mechanism 

for archiving and remembering the episodic 

memory of events. (16-18) 

The hippocampus lies in the medial temporal 

lobe of the brain. The hippocampus is three 

nested C-shaped arches surrounding the 

diencephalon and basal ganglia. Anatomically 

hippocampus can be divided into three 

segments, the head, the body and the posterior 

tail. A hippocampal formation is a group of 

brain regions consisting of the dentate gyrus, 

hippocampus, subiculum, presubiculum, 

parasubiculum and entorhinal cortex (Fig. 2). 

Giulio Cesare Aranzi, a Bolognese anatomist 

was the first to coin the name “Hippocampus”. 

(19) The Latin word hippocampus was derived

from the Greek word hippokampos (hippos

meaning “horse” and kampos meaning “sea

monster”.

The human brain is one of the sophisticated 
organs in our body that can accumulate past 
information and are capable of remembering it 
either consciously or unconsciously. Human 
memories entail biological strategies and 
anatomical substrates. The brain system is 
interconnected to each other, and it will be an 
injustice to think about the function of a small 
part of it in isolation. 
The hippocampus is part of the brain system 
that plays a critical role in remembering 
declarative memory or explicit memory. (13) 
An individual gathers information on 
declarative memory when consciously aware of 
what is happening in their surroundings. 
Declarative memory is the form of memory 
that is associated with facts and events. (14) In 
this review, we address the impact of T2DM 
manifestation related to the hippocampus. We 
emphasized Hippocampus and T2DM, but we 
also highlighted hippocampus-associated 
memory. We included the studies on T2DM 
hippocampal  atrophy  and  T2DM  risk  factors 
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Advance in magnetic resonance imaging (MRI) 

spatial resolution and automated segmentation 

algorithm by applying ultra-high resolution and ex-

vivo MRI references makes the measurement of 

hippocampal subfields volume accurate. 

Anatomically hippocampus consists of Cornu 

Ammonis (CA), dentate gyrus, and subiculum. (21) 

The coronal section of the hippocampus body is 

“U” in shape and is composed of gray matter: 

the Ammon horn and the dentate gyrus. The 

Ammon horn is subdivided into histologically 

defined four regions designated as CA1, CA2, 

CA3, and CA4. The term hippocampus is reserved 

for the CA field's hippocampal formation. 

Hippocampus Ammons horn or Conus 

Ammonis was named after the Egyptian god 

Amun Kneph, whose symbol resembles a 

ram. (22) Many theories, terminology and 

synonyms have been applied to the 

hippocampus region though the exact border 

between the several regions of hippocampal 

formation has not been appropriately defined. The 

dentate gyrus is a particular region of "U" shape, 

which is similar in shape entirely through the 

hippocampal formation. Lorente de Nó divided the 

hippocampus into CA3, CA2, and CA1. He defines 

the CA2 field as a narrow cell zone between the 

CA3 and CA1 fields. He also defines the CA4 field 

as the deep layer of the dentate gyrus. 

(23) The hippocampus always includes the

subiculum as the distinct subiculum region in

MRI scans is indistinguishable from the CA

field.

T2DM and Hippocampus 
T2DM is related to decrements in cognition, 

particularly learning and memory deficits. (24) 

Hippocampus plays a vital role in the learning and 

memory domain. Several studies have reported the 

association between accelerated hippocampal 

atrophy in T2DM (Table 1). The pathogenesis 

linking T2DM and hippocampal atrophy is not 

entirely established. Insulin resistance and poor 

HbA1c level control contribute to the reduction of 

hippocampus volume. Insulin resistance may result 

in a high concentration of insulin receptors in the 

hippocampus leading to hippocampal neuronal loss. 

(25) Insulin resistance and inactivation of insulin 
receptors reduced neuronal plasticity leading to 
brain deformation. (26,27) Neural ageing and 
neurodegeneration are associated with T2DM as 
chronic hyperinsulinemia mediates the 
downregulation of insulin receptors at Blood-Brain 
Barrier (BBB), reducing brain insulin levels. (28) 
Changes in Hippocampal CA1 and subiculum 
region could also be the reason for memory 
impairment in T2DM. (16)

Oxidative stress leads to the formation of radicals by 
non-enzymatic glycation of proteins, glucose 
oxidation and increased lipid peroxidation, causing 
damage to enzymes and cellular machinery and also 
increased insulin resistance in T2DM. (29,30) 
Amyloid precursor protein (APP) and amyloid-β-

peptide (Aβ) affect mitochondrial activity and 
increase oxidative stresses, which can impede the 
glucose metabolic pathway. (31) Thus, oxidative 
stress plays an important role in the development of 
memory impairment among T2DM.

The vascular complication in T2DM increases the 
risk of neuropsychological impairment by altering 
blood flow regulation in cerebral microvasculature, 
affecting neurovascular coupling and hemodynamic 
response function. (32) T2DM have been known to 
increase the ventricular volume with increased 
temporal horn volume of the lateral ventricle, which 
are the markers of hippocampal atrophy. (33,34) 
Pericytes, the central nervous system's mural cells, 
help maintain the BBB. Oxidative stress and 
increased level of amylin or islet amyloid 
polypeptide are the potential cause of pericyte loss 
in T2DM, leading to BBB permeability and 
breakdown. (35) Cortisol is a steroid hormone that 
plays a critical role in glucose regulation. Poorly 
maintained glucose levels in T2DM result in

Figure 2: Projections along the transverse axis of the hippocampal formation, the dentate gyrus is located 
proximally and the entorhinal cortex distally (20) 



Table 1: T2DM and Hippocampus volume 

Author Sample (N) Age (Year) Hippocampus Volume Result 

F. C. G.

Van Bussel

et al., (40)

T2DM: 40 

Participants 

without 

T2DM: 38 

40 - 47 T2DM hippocampal volume 

(cm³):  

Left - 3.8 (0.5) 

Right - 4.0 (0.5) 

Participants without T2DM 

hippocampal volume (cm³):  

Left - 4.0 (0.4) 

Right - 4.1 (0.4) 

T2DM participants have smaller 

hippocampal volumes compared 

to participants without T2DM 

Yan-Wei 

Zhang et al., 

(41) 

T2DM: 80 

Control: 80 

T2DM: 57.49 (9.04) 

Control: 57.83 

(10.31) 

T2DM hippocampal volume 

(mm³): 

Left - 3485.38 (391.75)  

Right - 3627.81 (298.21) 

Control hippocampal volumes 

(mm³):  

Left - 3599.69 (414.47) 

Right - 3748.90 (435.63) 

The hippocampal volumes were 

smaller in T2DM patients, 

mainly in the CA1 and 

subiculum subfields 

Kumi 

Hayashi et 

al., (42) 

T2DM: 61 

Subjects: 53 

T2DM: 74 ± 7 

Subjects: 74 ± 5 

Hippocampal atrophy (%): 

T2DM - 2.13 ± 1.18 

Subjects - 1.52 ± 0.73  

The study showed hippocampal 

atrophies to be more frequent in 

elderly Japanese patients with 

T2DM than in non-diabetic 

controls 

S. M. Gold

et al., (43)

T2DM: 23 

Control: 23 

T2DM: 59.2 ± 8.4 

Control: 59.9 ± 8.6 

Hippocampus volume (cm³): 

T2DM - 5.41 ± 0.50 

Control - 6.24 ± 0.70 

Patients with type 2 diabetes had 

significantly smaller 

hippocampal volumes than the 

control group 

Chris 

Moran et 

al., (44) 

T2DM: 350 

No T2DM: 

363 

T2DM: 67.8 (6.9) 

No T2DM: 72.1 

(7.2) 

T2DM hippocampal volume 

(mL):  

Right - 2.32 (0.47) 

Left: 2.22 (0.44) 

No T2DM hippocampal volume 

(mL):  

Right - 2.77 (0.50) 

Left - 2.61 (0.48) 

T2DM was associated with 

lower total hippocampal 

volumes 

Esther S.C. 

Korf et al., 

(45) 

T2DM: 202 

Control: 204 

T2DM: 81.7 ± 5.1 

Control: 81.3 ± 4.9 

Hippocampal volume (mm³): 

T2DM - 5,348 ± 805 

No Diabetes - 5,406 ± 856 

T2DM have a two times 

increased risk of hippocampal 

atrophy 

Hannah 

Bruehl et 

al., (46) 

T2DM: 18 

Controls: 18 

T2DM: 16.46 ± 

1.89 

Controls : 17.16 ± 

1.45 

Hippocampus Volume (cc): 

T2DM - 2.58 ± 0.4 

Controls - 2.98 ± 0.33 

T2DM had significantly reduced 

hippocampal volume compared 

to obese controls 

Manon 

Brundel et 

al., (47) 

T2DM: 56 

Control: 30 

T2DM: 70.0 ± 5.2 

Control: 68.1 ± 4.3 

T2DM hippocampal volume 

(cm³): 

Left - 3.3 ± 0.4 

Right - 3.5 ± 0.4 

Control hippocampal volume 

(cm³): 

Left - 3.6 ± 0.3 

Right - 3.8 ± 0.3 

A subtle effect of T2DM was 

seen with atrophy in the 

hippocampal region 

R. Hempelet

al., (48)

T2DM: 40 

Control: 47 

T2DM: 

Female- 58.91 ± 

9.99 

Male - 58.82 ± 7.01 

Control:  

Female- 59.18 ± 7.5 

Male- 60.82 ± 8.45 

T2DM Hippocampus Volume 

(cc): 

Female - 2.48 ± 0.28 

Male - 2.84 ± 0.26 

Control Hippocampus Volume 

(cc):  

Female - 3.02 ± 0.31  

Male - 3.09 ± 0.33 

There is a gender difference in 

the association of T2DM and 

hippocampal volumes. Females 

with T2DM are likely to suffer 

more brain complications than 

males 
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Figure 3: Taxonomy of mammalian memory system (54) 

Hippocampus and Memory 

William Beecher Scoville conducted an 

experimental brain operation to treat medically 

intractable epilepsy of Henry Gustave Molaison 

(H.M.) on August 25, 1953. H.M. bilateral 

medial temporal lobe resection involves the 

hippocampus, amygdaloid complex, and 

entorhinal cortex. H.M. epileptic attack was 

reduced though he lived with anterograde 

amnesia for the rest of his life. H.M. chapter 

shares an essential lesson about memory. (55) 

Atrophy to the hippocampus could lead to 

amnesia. Hippocampus could be affected by 

several common disparate neurologic disorders, 

including epilepsy, Alzheimer's disease, 

cerebrovascular disease, acute ischemic stroke, 

retrieving of the experience that can be 

brought into consciousness. Human 

memory is sub-divided into short-term 

memory and long-term memory. The 

conversion of short-term memory to long-

term memory is defined as memory 

consolidation. (49) Long-term memory 

is qualitatively categorized as 

declarative memory and non-declarative 

memory (Figure 3). Declarative memory, 

also referred to as explicit memory, is 

composed of semantic memory, i.e. 

memory of fact, and episodic memory, i.e. 

memory of events. (50) This form of memory 

is acquired and stored during conscious 

or explicit learning. (51,52) Non-declarative 

memory, in contrast, implies the memory 

which can be recalled without 

conscious effort and is also termed implicit 

or procedural memory. (53) 

hyperactivation of the hypothalamic-pituitary-
adrenal axis causing elevated cortisol levels. 
(36) Blunted cortisol awakening responses in 
insulin resistance are associated with smaller 
hippocampal volume. (37) Higher cortisol 
levels may activate NACHT, LRR, and PYD 
domain-containing protein 1 (NLRP1) 
inflammasome in hippocampal neurons, thus 
promoting neuroinflammation and thereby 
neuronal injury. (38)
Resting-state functional connectivity MRI for 
T2DM patients shows reduced hippocampus 
connectivity towards other brain regions, 
including the fusiform gyrus, frontal gyrus, 
temporal gyrus, anterior cingulate gyrus, 
medial frontal gyrus, posterior cingulate gyrus, 
precuneus, and inferior parietal lobule. (39)
Memory
Memory    is    the    retention,   recording,  and 
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transient amnesia and encephalitis. For 

example, in Alzheimer's disease, the entorhinal 

cortex is manifested and ultimately spreads to 

the hippocampus properly. The advanced 

technique of MRI scans made it easy to rule out 

hippocampal atrophy in amnesic patients. 

When we remember the past events of our life 

we can generate a precise image of the 

particular experience, which recreate the 

feeling of experiencing the moments again.  

The hippocampus has been known for its 

established role in storing declarative forms of 

memory. When we remember the past events of 

our life we can reorganise a precise image of the 

particular experience, which recreates the 

feeling of experiencing the moments again. The 

hippocampus activation has been linked to 

integrating and retrieving the past experience of 

rich vivid episodic memories. (56) Measures of 

semantic richness and vocabulary depth for 

previously acquired, highly familiar words 

were poorly produced among the hippocampal-

damaged patients. (57) The hippocampus has 

been articulated in relating incoming words to 

each other and stored semantic knowledge 

during sentence comprehension to build 

meaning across words. (58) Damaged 

hippocampus amnesia patients produce 

autobiographical narratives of past and future 

events that contain significantly less episodic 

details compared to healthy participants. (59)  

Conclusion 

There is strong evidence that T2DM increase 

the risk of hippocampal atrophy. Insulin 

signalling dysregulation, oxidative stress and 

neuroinflammation are critical factors in 

hippocampal volume loss. Furthermore, 

damage hippocampus could trigger declarative 

memory impairment. Optimal glycaemic 

control and prophylactic interventions could 

improve hippocampal atrophy and memory 

impairment in T2DM. 
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