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Heading off depressive illness evolution and  
progression to treatment resistance

Robert M. Post, MD 

Abstract
Viewing recurrent depression as a potentially progressive 
illness may help transform treatment toward earlier, more 
consistent intervention and prevention.  Evidence indicates 
that recurrent stressors, episodes of depression, and bouts 
of substance abuse can each show sensitization (increased 
reactivity upon repetition) and cross-sensitization to the 
others, and drive illness progression and treatment resis-
tance. These long-lasting increases in pathological respon-
sivity appear to be mediated by epigenetic mechanisms 
involving alterations in chemical marks placed on DNA 
and histones.  These types of sensitization effects are ame-
nable to clinical attempts at amelioration and prevention, 
and provide treatment targets and strategies to minimize 
the likelihood of illness progression to treatment resistance.
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Introduction

In examining causes of and approaches to difficult-to-
treat and refractory mood disorders, it is important to 
review several of the potential and correctable mech-
anisms involved. One, disappointingly, still involves 
stigma; people do not take depressive illness seriously 
enough. Therefore, too few people with major depres-
sion are in treatment; treatment is often not early, ag-
gressive, or persistent enough; and prophylaxis not 
maintained as necessary for those with several prior 
recurrences. Episodes recur, stressors accumulate, and 
substance abuse and medical comorbidities become 
more likely, each contributing to an evolution in illness 

severity, complexity, and poor response to subsequent 
treatment, ie, a type of acquired treatment resistance.

Sensitization and kindling-like processes

 Thus, inadequate treatment and prophylaxis itself 
generates treatment resistance. Depressive episodes 
beget further episodes and more rapid relapses.1,2 One 
could view this as sensitization or increased vulner-
ability to recurrence. Stresses are often involved in the 
precipitation of initial episodes of an individual’s illness, 
and one can become sensitized to recurrent stressors to 
the point where more trivial stressors are sufficient trig-
gers.1,3,4 Following enough successive recurrences, trig-
gering by stressors continues but is less necessary, and 
episodes also begin to occur more autonomously.5-7 This 
follows a course similar to that observed with electri-
cal kindling of the amygdala in which behavioral, bio-
chemical, and physiological responses to each daily, 
brief, 1-second stimulation increase in magnitude and 
duration until full-blown seizures develop in response 
to a previously subthreshold stimulation.8 Then, follow-
ing enough stimulations, spontaneous seizures begin to 
occur in the absence of stimulation.9 In a similar fashion 
there can be sensitization to both recurrent stressors10,11 
and to episode recurrence.12

 In addition, the affective disorders are often compli-
cated by alcohol and substance abuse, in which behav-
ior sensitization (increased responsivity) again occurs 
and is well documented in animals and humans.13 These 
sensitization processes (to stressors, episodes, and 
abused substances) can not only drive illness progres-
sion in their own right, but evidence suggests that each 
can cross-sensitize to the other two processes yielding 
a vicious cycle or positive feedback path of increasing 
illness exacerbation.13,14

 Given this potential for illness evolution and progres-
sion, one of the critical interventions would be early insti-
tution of treatment and effective pharmacoprophylaxis. 
Too often, even acutely effective treatment is discontin-
ued and prevention not pursued, with potentially grave 
consequences. Depression is the number one cause of 
disability worldwide, and the personal, social, and eco-
nomic consequences can be devastating. In the United 
States the excess medical mortality of patients with seri-
ous mental disorders is enormous (of the order of mag-
nitude of 1 to 2 decades) and cardiovascular illness is a 



106106

G u e s t  e d i t o r i a l

much greater cause of loss of years of life expectancy 
than directly illness-related death by suicide.15,16

 An examination of some of the mechanisms involved 
in these aspects of illness progression may give further 
weight to their wider public consideration and associated 
efforts at earlier and more effective intervention. 

Neurobiological mechanisms underlying 
illness progression

Epigenetic memory-like effects

The presence of sensitization and kindling-like processes 
yielding an increased responsivity to repetition of stress-
ors, episodes, and abused substances indicate that a mem-
ory-like mechanism must be involved. We had previously 
postulated long-term changes in gene transcription as an 
important component of these aspects of illness progres-
sion.1 More recently it has become clear that epigenetic 
mechanisms are the mediators of these long-term chang-
es in responsivity.3,4,13 Epigenetic literally means “above 
genetics” and refers to environmentally induced changes 
in DNA form and structure but not in sequences medi-
ating inherited traits. For example, DNA can be meth-
ylated, typically yielding the nearby genes less likely 
to be transcribed. DNA is wound around histones, and 
chemical changes in histones, such as acetylation, make 
DNA less tightly wound and more amenable to gene 
transcription. Conversely, histone methylation typically 
yields more tightly wound DNA, which is usually associ-
ated with inhibition of gene transcription.17 Many other 
environmentally induced changes in DNA and histones 
also occur, but these are among the most common, along 
with changes in micro-RNA that can further alter what 
proteins get synthesized or not.
 The changes in DNA and histone acetylation and 
methylation are long-lasting but not immutable, and can 
be altered by a large variety of enzymes that facilitate or 
inhibit these epigenetic modifications. One example of 
the long-lasting effects of early adversity is the finding of 
Roth et al18 that poor maternal care in the first 10 days of 
a rat pup’s life results in life-long decreases in brain-de-
rived neurotrophic factor (BDNF) in the frontal cortex. 
The adverse experiences cause the promoter region of 
DNA to be methylated, thus turning down transcription 
of the BDNF gene and translation into new BDNF pro-
tein. If a methylation inhibitor, zebularine, is given early 
in life, the BDNF deficits do not occur.18 

 Stressors in adulthood also cause epigenetic changes 
in BDNF and other substances. Repeated episodes of 
defeat stress can induce depression-like behavior and 
social avoidance in animals, which also have an epigen-
etic basis.17 Likewise, cocaine sensitization is mediated 
by epigenetic changes and can be prevented by pre-
treatment with the methylation inhibitor zebularine.19 
Data in animals and humans indicate that BDNF is de-
creased in hippocampus and increased in the nucleus 
accumbens (NAc) by repeated stressors, depressive-
like episodes of defeat stress, and also in human clinical 
depression in those who have died by suicide.20 
 It appears as if these abnormal reactivities and behav-
iors are being overlearned in the ventral striatum (NAc), 
and with increasing repetition are also being transferred 
to the habit memory system of the dorsal striatum.13,21 
New data further indicate that more traditional or psycho-
logical types of learning and memory are also mediated 
by epigenetic changes.22,23 Conscious or representation 
memory processes typically have their basis in structures 
of the medial temporal lobe—amygdala and hippocam-
pus—and ultimately the cerebral cortex.24 However, the 
habit memory system of the striatum functions on an un-
conscious basis and would appear to be the reason that so 
many pathological habits and addictions are resistant to 
traditional dynamic psychotherapies fostering insight or 
other more focused attempts at extinction.13,21 The habit 
memory system seems to have a mind of its own, generat-
ing automatic, autonomic, and compulsive behavioral re-
sponses even after an individual believes that they are free 
from drug craving or pathological impulses.
 In parallel with the animal studies, greater epigen-
etic changes have been found in brain of patients who 
committed suicide and also had histories of early-life 
adversity compared with those without such traumatic 
experiences.25-27 Thus, evidence is mounting that life ex-
periences with recurrent stressors, episodes of depres-
sion, and bouts of substance abuse are causing a vast 
array of accumulating epigenetic pock marks.3,4 Since 
many of these are associated with sensitization, path-
ological, and interacting effects, the potential for pro-
gressive and acquired increases in illness, severity, com-
plexity, and refractoriness is high.

Passive and allostatic alterations

In addition to these active, pathologically learned over-
reactivities involving memory-like processes, there are 
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an array of other more generalized processes yielding 
increases in brain and somatic abnormalities that fur-
ther contribute to illness progression.
 These can involve increases in oxidative stress, in-
flammation, and mitochrondrial dysfunction. When the 
brain and body attempt to compensate for pathological 
neurobiological alterations, new sets of adaptions are 
brought into play in an attempt to reestablish homeo-
stasis. This attempt at adaptation and compensation 
often involves the establishment of a new set point of 
equilibrium, which comes at a cost and is considered an 
increase in the body’s allostatic load.28,29 This increase 
in allostatic load can have pathological consequences, 
driving increases in psychological and somatic abnor-
malities and contributing to illness progression.
 A particularly robust example is the effects of stress-
ors and maladaptive behaviors on telomeres. Telomeres 
are the DNA strands that cap the ends of DNA and 
protect the precision of DNA replication. Telomeres 
shorten with each cell replication and shorter telomeres 
are associated with aging. The percentage of shorter 
telomeres that one has is associated not only with ag-
ing and processes of senescence, but with increased li-
ability to a very wide range of medical and psychiatric 
illnesses. Adversity in early life is associated with short-
er telomeres as is an increasing number of depressive 
episodes.30-33 Many of the common accompaniments of 
depression are associated with shorter telomeres, in-
cluding poor diet, a lack of exercise, and a lack of mind-
fulness/meditation or the feeling that one is making a 
positive contribution to others in accomplishing one’s 
life goals. Interestingly, nihilistic and pervasive anger 
is also associated with shorter telomeres. Lithium di-
rectly increases the enzyme telomerase, which adds to 
telomere length,34 so augmentation of antidepressants 
with lithium may have a triple benefit of: (i) prevent-
ing episode recurrence; (ii) increasing telomere length; 
and (iii) increasing BDNF and neurogenesis with con-
sequent increases in hippocampal and cortical volume.
 Neuroprotective factors such as BDNF and vascu-
lar endothelial growth factor (VEGF) decrease with 
every episode of depression, further leaving the brain 
and body vulnerable to illness-associated oxidative 
stress, mitochondrial dysfunction, and inflammation. 
Thus, these passive mechanisms, along with shortening 
of telomeres, add to and combine with whatever ac-
tive sensitization and memory-like mechanisms exist 
to drive illness toward a progressively more vulnerable 

and pathological neurobiological and somatic state of 
poor health.

Therapeutic and public health implications

One obvious place to start to change the treatment para-
digm is to make some of these facts more widely known 
to the general public and more widely acted upon by psy-
chiatrists and general practice physicians. This will likely 
require whole new processes of public education. Newspa-
pers and popular magazines not only have recently failed 
to convey adequate information, but often appear more 
interested in distorting and sensationalizing medial and 
conflict-of-interest stories for the sake of increased cir-
culation. For example the overwhelming data about the 
benefit of continuation of antidepressant treatment in re-
sponders compared with discontinuation with placebo is 
virtually never cited in recent publications, which instead 
only mention the fact that acute antidepressant treatment 
efficacy sometimes doses not exceed that of placebo by 
a large margin. The inferred take-home message for the 
public is that antidepressants don’t work very well. Ne-
glected are the findings that there is an amazing 75% 
reduction in depressive recurrences with antidepressant 
continuation35 and that the statistical significance of the 
findings are astronomically large. Similarly the fact that 
virtually all antidepressant modalities increase BDNF 
and neurogenesis is rarely mentioned, nor are the impor-
tant findings of Sheline et al36 that longer, compared with 
briefer, exposure to antidepressants is associated with a 
preservation of hippocampal volume. Patients need to 
explicitly hear and understand the message that has been 
around for decades that every medical organization and 
treatment guideline (of which we are aware) has endorsed 
the ideal of long-term prophylactic treatment after several 
prior depressive episodes. Long-term (lifelong) treatment 
of hypertension or high cholesterol to prevent recurrence 
of cardiovascular crises is widely known, accepted, and 
practiced; preventive treatment of recurrent depression 
needs to have the same cachet. Similarly, making the data 
on depressive illness progression and the severity of the 
personal and medical consequences better known so that 
patient can make better-informed decisions is a must.
 Depression also has transgenerational consequences, 
by both the genetic and epigenetic routes. The children 
of mothers whose depression is treated to remission have 
fewer behavioral problems and psychiatric diagnoses 
than those whose depression is only partially improved.37  
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Intrauterine exposure to a mother’s depression, as well as 
postpartum depression, also has consequences for the off-
spring. Postpartum depression occurs in 15% of unselect-
ed women and at a much higher rate in those with prior 
depression. All women should be screened for postpartum 
depression and offered, in the most supportive fashion 
possible, appropriate treatment and ongoing support until 
they are well. Fathers’ depression is also not without con-
sequence to the offspring, conveyed both by traditional 
conceptions of altered interactions with the child yielding 
social, endocrine, and neurobiological consequences, but 
also by a newly discovered route where the fathers’ en-
vironmental experiences with stressors or drugs of abuse 
can affect the offspring (even in the absence of paternal 
parental contact) presumably by epigenetic changes that 
are transmitted via sperm.38,39 Even grandparental history 
of depression may play a role, as a history of depression in 
the grandparents conveys a markedly increased vulnera-
bility to depression in the third generation, compared with 
a parental history of depression alone.40

 In addition to these genetic and epigenetic mecha-
nisms of illness vulnerability and transmission are the 
wider societal changes and other factors that somehow 
confer cohort and anticipation effects.41 Every birth co-
hort since World War I has had an increased incidence 
and early age of onset of both unipolar and bipolar de-
pression. Understanding and approaching some of the 
potential mediators of these effects such as increases in 
substance abuse and in child abuse may also be valuable.
 Finally, using a staging concept of illness evolution may 
help change the treatment paradigm to earlier and more 
consistent preventive intervention.42,43 One already knows 
many clinical risk factors for depression, and neurobiolog-
ical markers are also beginning to be revealed. Thus, one 
could consider this at-risk status as Stage I – Vulnerability, 
Stage II – Well Interval, and Stage III – Prodrome, which 
may also offer opportunities for early intervention and 
prevention instead of the conventional delayed mode of 
treatment that typically occurs after Stage IV – Full Syn-
drome, Stage V – Recurrence, and Stage VI – Progression. 
We have already seen that treatment is more difficult and 
complicated in these stages and in the later Stage VII – 
Treatment Refractoriness, which is too often followed by 
Stage VIII – Late or End Stage Illness associated with cog-
nitive impairment, medical complications, incapacitation, 
and need for supervised care. Bipolar illness appears more 
pernicious in the US than in many European countries,44  
and it is likely that many of the same genetic and environ-

mental mechanisms would similarly influence the course 
of unipolar depression. 
 In treatment approaches to malignancies the ill-
ness is staged to help with appropriate treatment, and 
no one would never endorse a wait-and-see attitude to 
observe whether a primary lesion grows in size, inva-
siveness, and aggressiveness, metastasizing to distant lo-
cations and becoming increasingly treatment-resistant. 
One may counter this view with the argument that ma-
lignant transformation in cancer is very different from 
that in depression and highly lethal. However, the po-
tential lethality of depression by suicide and increased 
medical mortality can be equally devastating, and anal-
ogies to cancer evolution are not without some merit. In 
cancer evolution there are progressive increases in the 
number of somatic mutations generating increases in 
oncogenic cell survival and multiplication factors and, 
concomitantly, decreases in tumor suppressor factors.45 
In late stages very complex medication strategies are 
required to induce tumor regression and prevent drug 
tolerance and re-emergence of the malignancy.
 In recurrent depressive illness, there is not an accu-
mulation of somatic mutations but rather of epigenetic 
alterations or pockmarks (what some have called epi-
mutations). These need to be treated with the same re-
spect as the potential of a benign lesion transforming to 
a malignant one in carcinogenesis involving enhance-
ment cell cycle promoters and loss of tumor suppres-
sor factors. In malignant transformation, the “bad guys” 
of cell proliferation overwhelm the diminishing “good 
guys” of tumor suppressor factors. In a parallel fashion 
many of the epigenetic pockmarks of recurrent depres-
sive disorder are associated with progressive increases 
in primary pathological processes driving the illness 
(the bad guys) such as increases in corticotropin-releas-
ing factor and in BDNF in the NAc and habit memory 
system, in conjunction with loss of adaptive and neu-
roprotective factors (the good guys) such as failure of 
thyrotropin-releasing hormone to increase and BDNF 
decrements in hippocampus and prefrontal cortex.1,3,46,47

 Personal treatment strategies, public health measures, 
and education each require a major paradigm shift to-
ward earlier and more effective long-term treatment. 
Hopefully that will help prevent the multiplicity of ac-
quired untoward effects of depressive illness and its ten-
dency to progress to more complex and treatment resis-
tant forms, as is all too frequently the case with current 
clinical practice.  o
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