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ABSTRACT
The burgeoning prevalence of obesity and overweight conditions from the age of adolescence and throughout the 
lifespan has reached epidemic proportions in industrialized nations throughout the globe. The development of 
insulin resistance is one of the most common observations in obesity and is associated with a systemic hypoxia 
in adipose tissue and a chronic inflammatory state. The insulin resistance affects multiple elements of substrate 
oxidation and oxidative free radical generation in both somatic and neural tissues and with cytokine-linked chronic 
inflammation likely originating in adipose tissue depots. In studies with aging congenic lean and obese rats chronic 
hyperinsulinemia and brain shrinkage has now been reported, albeit it in the absence of Type 2 diabetes (NIDDM), 
hypertension (HTN) or other comorbidities, thereby suggesting that aspects of disordered substrate metabolism 
including insulin resistance as commonly observed in obesity may be a key contributory factor in the development of 
a neuroinflammatory linked brain shrinkage with accompanying decreases in brain mass, protein and DNA content, 
and which were further compromised when fed an isocaloric high vs. a low glycemic insulinogenic diet containing 
sucrose vs. cornstarch respectively. These results suggest that chronic insulin resistance of obesity secondary at 
least in part to dietary factors represents a likely independent risk factor in the progression of neuroinflammation, 
DNA damage, brain shrinkage and neural senescence in this strain of obese rats.
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Introduction
Brain shrinkage is a common observation in generalized dementia 
and Alzheimer’s disease, where it often impacts the health, 
wellbeing and cognitive abilities of older individuals as they 
experience their ‘golden’ years and late stages of life [1-3]. An 
increasing incidence of long-standing obesity is also a common 
observation in industrialized societies, and in recent decades the 
onset and prevalence of the overfat conditions has been noted 
to have an earlier onset often earlier during the childhood or 
adolescent years than previous [4]. Moreover, the prevalence of 

obesity has increased since the recommendations of lower-fat, 
higher carbohydrate diets were implemented as an attempt to 
curb an increasing prevalence of cardiovascular disorders linked 
to saturated fats in the diet [5,6]. Carbohydrates typically exert 
a higher glycemic response than other macronutrient sources, 
promote insulin release, and an insulin mediated shift in oxidative 
metabolism toward lipid deposition [7,8]. Adiposity promotes the 
development of insulin resistance resulting in impaired glucose 
uptake and becomes prominent in muscle and adipose tissue in 
addition to neuronal tissues including the brain [7-9]. Moreover, 
the excess adiposity once established often remains present 
throughout adulthood and continuing for much of the remainder 
of one’s lifespan, and thus can become a contributing factor in 
the progression of numerous additional comorbidities including 
non-insulin dependent diabetes (NIDDM), hypertension (HTN), 
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cardiovascular disorders (CD), and other often chronic conditions 
that can impact longevity potential and on the quality of life, 
including the progression of various intensities of cognitive decline 
in later years [9].

In recent studies by Hu and Selvin, younger age of onset of Type 2 
diabetes (NIDDM) onset has been found to be linked to increased 
dementia risk [10]. Longstanding NIDDM with elevations in 
hemoglobin A1c greater than 7% are a common characteristic 
finding in cases of undertreated NIDDM and hyperinsulinemia 
and have also recently been identified as a contributing factor in 
cognitive decline, but reports documenting radiographic evidence 
of brain shrinkage with insulin resistance and NIDDM per se are 
inconsistent and sparse at best [2-4]. Once clinically established 
however, the diagnosis of dementia and brain shrinkage tend 
to become more progressive over time, with little prospect of 
recovery [1-3]. The therapeutic regimens for treating dementia 
and brain shrinkage typically focus on ameliorative, palliative 
approaches, including end of life care as the disorder progresses 
to late stages of cognitive impairment [2]. Thus, identification of 
potentially preventative factors that may be causative or contribute 
to the neurologic deficits is a high priority currently impacting 
millions of adults in their senior years. A common denominator 
of obesity and NIDDM is chronic hyperinsulinemia, leading to 
the development of insulin resistance and other endocrinopathies, 
including chronic elevations in plasma insulin concentrations, 
disordered glucocorticoid actions, and a state of relative hypoxia 
and systemic inflammation linked to the obese state [10-16]. 
Investigation of obesity as an independent variable in human 
subjects would likely rely heavily on a population of so called 
‘healthy obese’ subjects, somewhat of a contradiction in clinical 
medicine. Therefore, search for a suitable an animal model may 
prove to be more productive to determine if insulin resistance and 
its direct metabolic sequelae might be significant co-contributors 
to the neuronal declines that occur in NIDDM, obesity, and 
progression of dementia conditions.

Williamson et al. reported the issue of insulin resistance in the 
brain, where it is presumed to impact on processes of neuronal 
glucose uptake and oxidation as it does in other somatic tissues [8]. 
Jaing et al. demonstrated that systemic inflammation contributes 
to impaired neurodevelopment, and Shimizu et al. and Huang et 
al. reported complimentary evidence of systemic inflammation on 
neuroinflammation including DNA damage in metabolic disease 
stigmata that were associated with insulin resistance [7,9-13]. 
Once the neural DNA becomes fatally damaged, further neuronal 
repair or DNA replication processes become largely implausible, 
and neuronal senescence may follow. As the magnitude of the 
neuronally compromised state advances, neuronal senescence 
would be anticipated to progresses to the point of brain shrinkage, 
and is the likely endpoint in the progressive stages of dementia 
and Alzheimer’s disease [8-10,13,16-18]. The lipogenic and 
antilipolytic effects of insulin in mammalian tissues are well 
established, and may be further enhanced in the presence of 
a high glycemic index, insulinogenic diets containing refined 

carbohydrate sources including sucrose vs isocaloric ingestion 
of complex carbohydrate sources such as cornstarch. In the 
obese phenotype of the LA/Ntul//-cp rat strain, carbohydrate 
rich diets enhances excess weight gain, the impact of the chronic 
hyperinsulinemia facilitates the onset of adipocyte hyperplasia and 
hypertrophy soon after weaning [19-21].

Adipose tissue is a common location for macrophage infiltration, 
where they may bring about the secretion of Type I and Type II 
cytokines that are proinflammatory (Type 1) vs anti-inflammatory 
(Type 2) in nature [22,23]. The Type 2 immune responses 
releases the cytokines IL-4, IL-5, and IL-13, which contribute 
to immunoprotective processes. In contrast, type 1 macrophage 
responses release the cytokines IL-6 and others that initiate 
inflammatory responses that in the most dire of scenarios can 
precipitate life threatening events [23]. The adipose tissue-based 
macrophages can also release a monocyte chemoattractant protein 
(MCP-1) which further augments the attraction of additional 
macrophages and thus the onset of a generation of events leading 
to the systemic release of the inflammatory cytokines IL-6 and 
others that may seek refuge in neuronal, respiratory or other 
tissues of opportunity. Visceral adipose tissue, which often 
tends to increase in quantity with aging, rates among the most 
productive sources of the inflammatory cytokines and represents 
a significant comorbidity in adiposity and the obese state [23]. In 
addition to the above, the counter regulatory effects of disordered 
glucocorticoid actions common to obesity interfere with insulin 
dependent GLUT4 formation and intracellular translocation, 
increasing the magnitude of insulin resistance, and also contribute 
to the inflammatory process by suppressing the Type 2 macrophage 
responses, further aggravating the balance between inflammatory and 
anti-inflammatory cytokines in neural and somatic tissues [17,24].

The LA/Ntul//-cp rat is a congenic animal model, where the obese 
phenotype becomes epigenetically expressed via an autosomal 
recessive trait, and results in one quarter of the offspring of 
breeding pairs that are heterozygous for the obese (-cp) trait 
develope early onset obesity soon after weaning [18,24,25]. The 
origin of the obese trait was derived from the Koletsky rat, back 
crossed with a longevity-prone NIH strain of the Lister/Albany rat 
to become the LA/N-cp and later designated as the LA/Ntul//-cp 
rat strain in our colony. The congenic designation was established 
by the NIH Division of small animal genetic after 12 cycles of 
backcrossing which preserved the -cp trait as the only residual from 
the Koletsky origin [25]. A unique characteristic of the new strain 
is the absence of NIDDM, HTN or other potential comorbidities in 
this rat model, indicating the obesity likely exists as an independent 
variable in characterizing metabolic sequelae links to obesity. The 
obese phenotype develope impaired glucose tolerance with insulin 
resistance, plasma lipid aberrations, an impaired capacity for 
nonshivering thermogenesis, disordered thyroidal actions, and a 
shortened lifespan compared to their lean littermates [18,27]. Like 
most obese rodent strains, the obese phenotype of this strain seems 
incapable of reproduction, likely secondary to endocrinologic or 
physiologic functions [18].
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When crossed with the diabetogenic SHR/Ntul//-cp strain, which 
shares the same trait for obesity, the F1 LA/tul//-cpx SHR/Ntul//-cp 
offspring demonstrated an attenuation of the diabetic stigmata and 
improved survival over the parental obese SHR/Ntul-cp animals 
[28]. Thus, the LA/Ntul//-cp rat strain represents a unique model 
in which to investigate the independent effects of obesity and its 
primary metabolic sequalae including chronic insulin resistance 
on parameters of brain shrinkage and senescence [18,19]. In both 
diabetic and non-diabetic strains of corpulent rat, longevity of the 
obese phenotypes was significantly decreased, with the greatest 
decrease in the obese-NIDDM SHR/Ntul//-cp strain, where the 
obese phenotype seldom survived beyond 12-15 months of age, 
indicative of the NIDDM comorbidity exerting still greater and 
additive impact on decreased potential for longevity [18].
 
A recent study reported the observation of decreased brain mass, 
associated with proportionate decreases in brain lipid, protein and 
DNA content in the aging obese phenotype of the LA/Ntul//-cp 
strain of rats, while similarly reared and fed lean littermates did not 
demonstrate stigmata of reduced brain maas or DNA content [28]. 
In addition, when isocaloric diets containing cornstarch or sucrose 
were fed for the duration of the 10 month study, the sucrose 
fed rats had a modestly greater carcass fat content, a greater 
magnitude of plasma insulin concentrations, and a modestly larger 
lean body mass consistent with the added muscular load-bearing 
impact of the obesity [13]. The decreasing brain mass was further 
impacted by insulinogenic sucrose diet in the obese phenotype, 
with proportionate further decreases in absolute brain protein 
and DNA content. Thus, while a causal mechanism for the brain 
shrinkages could not be confirmed, these observations represent 
an association only. However, the proportionate causative links 
between hyperinsulinemia and insulin resistance and neuronal 
DNA and neurocellular demise remain unclear based on other 
studies when taken into consideration with respect to the current 
findings in this strain of rats, and are suggestive that the factors 
of both obesity and insulin resistance may contribute independent 
influences in the progression of the pathophysiologic process of 
neuroinflammation and neurodegeneration in the CNS and other 
tissues.

Methods
The congenic LA/Ntul//-cp rat was derived from a Koletsky x 
LA/N cross and backcrossed 12 or more cycles to attain a congenic 
status, where the only difference between the lean and obese 
phenotypes is the epigenetic expression of the obese phenotype by 
the age of weaning [24-26]. Groups of lean and obese male LA/
Ntul//-cp rats were reared and maintained in a stock Purina chow 
(#5012) diet ad libitum from weaning thereafter under standard 
laboratory conditions to determine optimal longevity in this strain. 
Additional subgroups were switched to a diet containing 54% 
carbohydrate as cornstarch, 20% protein, 16% fat plus essential 
vitamins, minerals and fiber diet from weaning until 10.5 months 
of age [27]. At the end of the study brain tissues were collected and 
subjected to measures of brain weights, total lipid, total protein and 
total DNA content via established analytical procedures described 

elsewhere [13,28]. Data depicting serum glucose, insulin and 
insulin to glucose ratios were extracted from multiple publications, 
and data were analyzed via standard statistical procedures as 
described previously [13,16.18.25,27].

Results and Discussion
The mean range for longevity in 600 normally fed LA/Ntul//-cp 
rats is depicted in Table 1 and indicates that the lean phenotype of 
both male and female rats typically outlive their obese littermates 
by approximately one third of their normal expected lifespan. Over 
600 animals were weighed at periodic intervals, until the number 
of rats remaining were too few in number to represent a typical 
lifespan, as an occasional animal might survive for a very short 
time longer than indicated in the Figure 1. During the final one or 
two months the rats of both phenotypes began to lose weight, and 
necropsy studies indicated that abdominal and subcutaneous fat 
depots were substantially diminished upon their eventual demise 
[19,28].

Figure 1: Effect of Sex and Phenotype on Longevity of Lean and Obese 
Rats.

Figure 1. Projected longevity of lean and obese rats. Data are 
extracted from periodic weights of 600 rats taken over their 
lifespan. Tulp, OL, ILAR J. 32(3), 32-39, 1990. Rats were fed 
Purina Rodent Chow #5012 ad libitum from weaning.19 F = female; 
M = male rats.

Biometric and carcass composition data re depicted in Table 1 
and indicate that obese animals at 10.5 months of age were 2.5 to 
3-fold heavier than their lean littermates in both male and female 
rats, despite having received the same diets and environmental 
conditions throughout. A vanishing few rat of both sexes of each 
phenotype and sex survived slightly longer than the maximal 
longevities as indicated but the number of rats so survived was 
not significant, with no animals of either phenotyoe or gender 
surviving beyond 48 months (female) or 33 months (male). 
With larger numbers or dietary restriction particularly at the 
older ages modestly greater survival might have been noted as 
has modest caloric restriction been observed to prolong survival 
in other studies [19]. Dietary carbohydrate type impacts on the 
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insulinogenic response, with sucrose typically generating a greater 
insulinogenic response than starch based diets. When rats of both 
sexes and phenotypes were fed an isocaloric sucrose rich diet, 
sucrose fed rats gained more weight and accumulated modestly 
greater amounts of carcass fat than when fed a starch diet of the 
same overall macro- and micro-nutrient content, with the greatest 
carcass fat content observed in the rats receiving the high glycemic 
index sucrose diet.

Carcass protein content is a recognized marker of lean body 
mass and the date in Table 1 indicates that the sucrose fed rats 
accumulated modestly greater amounts of carcass muscle protein, 
likely indicative of the greater weight bearing impact of the greater 
body mass due to the greater fat accretion impact on weight bearing 
muscles among the obese animals. The carcass protein content 
of the obese phenotype was significantly greater than occurred 
in their lean littermates and also tended to be modestly greater 
when fed the more highly insulinemic sucrose diet, resulting in 
still greater fat accretion, and suggestive of a contribution of the 
chronic hyperinsulinemia status on energy conserving parameters 
of protein metabolism. 

Table 1: Biometrics and carcass composition characteristics of aging lean 
and obese male rats at 10.5 months of age.

Group / Parameter BW, gm Lipid gm/Carcass Protein gm, 
Carcass

Lean Control 315±10 25±1.3 64± 21
Lean Sucrose 405±13 90±4.5 73± 30
Obese Control 780±24 350±10.5 78±2.2
Obese Sucrose 840±30 384±11.1 84±2.5
ANOVA: Phenotype <0.001 <0.001 <0.05
Diet <0.05 <0.05 n.s.

Data are mean ± 1 SEM, n=6-8 rats/group, taken at the time of sacrifice.

The glycemic measures in lean and obese rats taken at sacrifice 
are depicted in Figure 2, obtained after a brief (2hr) period of food 
restriction prior to sacrifice. The plasma glucose concentrations 
tended to be greater in the obese than the lean phenotype in both 

sexes but remained within the upper limits of the euglycemic 
range, consistent with other measures of glycemia in this strain 
after a longer duration of fasting [19,27,28]. Plasma insulin 
concentrations were significantly greater in the obese than the 
lean phenotype in both male and female rats, however, and were 
further increased in the obese but not the lean animals when fed the 
sucrose diet. Measures of the insulin to glucose ratio depicted in 
the far right panel of Figure 2 reflect a measure of the magnitude of 
insulin resistance developed in the obese phenotype. The glycemic 
parameters were elevated in the obese phenotype fed either 
carbohydrate diet, with the greatest increase in the obese animals 
consuming the more highly insulinemic sucrose diet.

Figure 2. Effect of diet and phenotype on glycemic parameters 
in aging lean and obese LA/Ntul//-cp rats. Data are mean ± 1 
SEM, n= 6-8 rats/group. Bloods obtained after a brief 2-4 hour fast. 
Phenotype p = <0.01 for insulin and insulin:glucose ratios and p = < 
0.05 for diet in obese phenotype for insulin and insulin:glucose ratio.

Measures of brain composition of lean and obese rats are 
summarized in Table 2 and show that the brain weight per rat 
of lean animals was significantly greater than the brain mass 
of their similarly fed and reared obese littermates. In addition, 
animals of both phenotypes were found to have modestly lower 
brain mass when fed the sucrose vs the starch diets throughout 
the 9.5 months of the respective dietary regimens. The brain lipid 
content is shown in data column 3 and indicates that total brain 
lipid content of lean animals was significantly greater that in their 
obese littermates, and that the sucrose diet resulted in a modestly 
further downward trend in net lipid content and is proportional to 
the relative brain mass in the lean and obese animals. The protein 
content of the lean and obese animals is shown in column 4 as 
similar to the other measures of brain composition, brain protein 
content of lean rats was greater than in their obese littermates feed 
the same diets and tended to be less in sucrose fed obese but not in 
sucrose fed lean rats. Finally, of greatest significance, brain DNA 
content is shown in column 5 of Table 2 and reflect the effects of 

Figure 2: Effect of Cho Type on Glycemic Parameters in Lean and Obese Rats.
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phenotype and dietary carbohydrate source on net DNA content. 
Brain DNA content of obese rats was significantly less than in 
their lean littermates, and the sucrose diet was linked to a trend 
toward greater deficits in brain DNA in both phenotypes when 
fed the sucrose than the starch diet. It is likely that with a greater 
number of animals in the experimental groups, or a longer duration 
of study, the sucrose associated declines in brain DNA may have 
achieved a greater level of statistical significance. None the less 
the obesity and insulin resistance in the obese phenotype resulted 
in less brain mass and proportional decreases in brain composition 
while preserving lean body mass in the obese phenotype. 

Table 2: Brain composition of aging lean and obese rats at 10.5 months 
of age.
Group / 
Parameter Brain weight Lipid 

Content Protein Content DNA content

Lean Control 1.70±0.05 1.309±0.040 0.385±0.012 0.62±0.02
Lean Sucrose 1.60±0.05 1.215±0.036 0.378±0.011 0.55±0.01
Obese Control 1.31±0.04 1.052±0.032 0.245±0.054 0.35±0.01
Obese Sucrose 1.22±0.03 0.987±0.030 0.230±0.030 0.30±0.01
ANOVA Phenotype p= <0.05 <0.05 <0.05

Dietp=<0.05 N.S. N.S. <0.10*

Table 2. Data are mean ± 1 SEM, n=6-8 rats / group. * p = < 0.05 by Pages 
L test for trend analysis as cited previously [14].

The sucrose associated decrease in brain mass and brain DNA 
content in the lean and obese phenotype are depicted in Figure 3, 
computed as the difference in the Starch vs. the Sucrose associated 
parameter that was computed and subjected to trend line analysis. 
This data indicates that the sucrose resulted in similar negative 
effects on brain mass and DNA content in both phenotypes, both 
resulting in computation of an R2 value of 1.0 and with similar 
downward slopes. Thus, this data demonstrates an insulinogenic 
influence at least partially independent of obesity on brain DNA 
content in the aging obese rat, since the absolute decline in both 
lean and obese phenotypes was of similar magnitude, independent 
of the expression of the obesity (-cp)trait.

Figure 3: Effect of Phenotype and Diet on Decrease in Brain Mass and 
DNA Content.

Figure 3. Mean SUC associated weight decrease in brain mass and 
brain DNA content of lean and obese rats fed ST or SUC diets from 
1 until 10-11 months of age, computed as the difference between 
the ST and SUC diet in both phenotypes. Data represent mean ± 
1 SEM, n=6-8 rats / treatment group. The decreases in brain mass 
and DNA content were significant the obese phenotype compared 
to the lean phenotype and the effects of diet were significant by 
Pages L test for trend analysis. The R2 values were computed via 
standard statistical analysis. The SUC associated decrease in brain 
DNA averaged 11.2% in lean vs, 14.3% in the obese phenotype (n.s.).

Discussion
The results of this brief review provide support for the impact 
of obesity as an independent comorbidity factor for decreases 
in longevity in addition to a compounding trend for diet-linked 
evidence of brain shrinkage associated with a progressive 
loss of cellular elements in the aging obese phenotype brain of 
a hyperinsulinemic-prone congenic rat model. The primary 
decreases in brain composition appeared to have occurred in the 
obese phenotype independent of diet and were linked to a further 
decreasing trend in both phenotypes when animals consumed a 
higher glycemic index, insulinogenic diet of equivalent caloric 
density for the same duration of their postweaning lifespan. All 
animals were studied before attaining 11 months of age, only a 
few months before the anticipation of their natural demise. Had 
the study been continued for a longer duration, it Is likely that the 
number of obese animals continuing to survive among the obese 
sucrose fed phenotype would have become compromised and their 
complete data set lost. Obese male LA/Ntul//-cp rats may survive 
beyond 18 months of age under ideal conditions but seldom survive 
as long as their lean littermates. While brain shrinkage may not be 
directly linked to the cognitive deficits observed in dementia or 
Alzheimer’s disease, there remains a strong association between 
decreasing brain volume and the cognitive deficits observed in 
those disorders.

In the study reported by Callisaya et al., elevations in hemoglobin 
A1C and plasma insulin typical of NIDDM were found to be 
associated with cognitive decline [1]. Insulin resistance is a 
common denominator in NIDDM, and the magnitude of insulin 
resistance typically becomes greater with the magnitude and 
duration of overweight and obesity. The comingling impact of the 
individual contributions of obesity, hyperinsulinemia and insulin 
resistance and other simultaneous comorbidities are difficult 
to separate however when they occur together as occurred in 
the reported clinical studies. In addition, the differential impact 
of excess adiposity and fat accretion in different adipose tissue 
depots remains unclear, however as lower body vs upper body vs 
visceral fat accretion linked obesity all contribute differentially 
to the pathophysiologic development of cardiovascular and other 
obesity-linked comorbidities. Thus, the obese phenotype of 
the LA/Ntul//-cp rat strain served as a suitable animal model to 
evaluate the impact of diet and obesity on brain shrinkage as the 
major comorbidities of NIDDM and hypertension are not known to 
occur in the obese phenotype of this congenic animal strain, while 
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the body fat distribution patters in the obese phenotype displays 
a qualitatively similar pattern to that of syndrome X or metabolic 
syndrome in humans but in this animal model occurs without the 
glycemic derangements often observed in human clinical studies 
[18,26,27].

While it is often assumed that decreases in brain mass, whether 
a result of early nutritional insult or neurologic decline at later 
stages of growth, development and maturity, is somehow linked 
to cognitive deficits, which may or may not be partially or wholly 
recoverable following remediation, the assumption remains 
somewhat speculative. Neurologic development particularly in 
the CNS follows chronologic patterns, much of which occurs 
early in life in mammalian species. In addition, all elements of the 
CNS and other component of the nervous system do not develop 
simultaneously, and depending on the neuroanatomic location 
within the neuron, some recovery and regrowth may occur if the 
nuclear DNA should retain its DNA repair mechanisms [28]. 
Neuroinflammation has been linked to insulin resistance and 
neuronal decline by damaging elements of the DNA and its base 
repair mechanisms, thereby precluding some if not all capacity 
for local neurologic regeneration and thus resulting in potential 
cognitive impairment as the stage of neuroscenescence progresses. 
Discovery of restorative processes which may curtail continued 
neurodegeneration or enable partial or eventual recovery remain 
a challenge in the treatment and management of cognitive deficits 
associated with senescence [29,31-34].

Finally, the question remains unanswered: does a decrease in brain 
mass, DNA and protein content necessarily directly correlate with 
cognitive decline? And can a brain remain fully functioning in 
terms of cognitive and other neurologic functions if the mass and 
cellularity become diminished? Since no cognitive studies were 
undertaken in the current study that assumption remains to be 
confirmed and must await future studies. The obese state imposes 
an independent impact of impaired physiologic performance, due 
to factors linked to the excess body fat and disordered mobility 
secondary to the hobbling effect of obesity per se. While early 
nutritional insults may carry longer term neurologic deficits that 
may not fully recover if remediation is provided later in life 
due to chronologic effects on organ growth and development, 
the potential and individual capacity for neurologic recovery in 
later chronologic stages of growth and development including 
aging remain unclear, and likely dependent at least in part on the 
magnitude of the injury and the life stage during, which the insult 
occurred, with injury during earlier stages likely resulting in the 
most capacity for recovery. Most brain growth and development 
normally occurs prior to adolescence, while most brain shrinkage 
has been observed to occur late in life at an age where less 
opportunity for complete or partial recovery remains.
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