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Depression is the leading cause of disability worldwide1. Early life stress exposure increases 30 

risk for depression2, and has been proposed to sensitise the maturing psychophysiological stress 31 

system to later life stress3. In response to stress, positive memory activation has been found to 32 

dampen cortisol responses and improve mood in humans4, and to reduce depression-like 33 

behaviour in mice5. Here we used path modeling to examine whether recalling specific positive 34 

memories predicts reduced vulnerability to depression (i.e., high morning cortisol6–9 and 35 

negative self-cognitions during low mood10–12) in adolescents at risk due to early life stress (n 36 

= 427, age: 14 years)8. We found that positive memory specificity was associated with lower 37 

morning cortisol and fewer negative self-cognitions during low mood over the course of one 38 

year. Moderated mediation analyses demonstrated that positive memory specificity was related 39 

to lower depressive symptoms through fewer negative self-cognitions in response to negative 40 

life events reported in the one-year interval. These findings suggest that recalling specific 41 

positive life experiences may be a resilience factor13 that helps lowering depressive 42 

vulnerability in adolescents with a history of early life stress.  43 
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Remembering specific positive life experiences, as single, temporally limited instances from 44 

the past, may be an important protective process when stress occurs4. People engage in 45 

reminiscing about past events quite frequently in their everyday lives14, and evidence suggests 46 

that healthy individuals use recall of positive memories as one of many strategies to repair sad 47 

mood15. Positive emotions, for instance generated by such memories, in turn appear to 48 

facilitate physiological and emotional stress recovery, particularly in resilient individuals16,17. 49 

Recalling positive memories may be a protective mechanism in most adolescents, which may 50 

be disturbed in individuals who are vulnerable to depression18. In support of this, adolescents 51 

who were in remission from a recent depressive episode recalled more categorical positive 52 

memories19. Furthermore, it was recently found that depressed, at-risk and healthy adolescents 53 

show a gradient of positive memory deficits after a negative mood induction20. These findings 54 

together imply that less specific responses to positive cues in particular (‘positive memory 55 

specificity’) constitute a trait-like marker of depressive vulnerability in at-risk adolescents. In 56 

addition, having a tendency toward more categorical, overgeneral memories (i.e., lacking in 57 

defining characteristics) that are not fixed in time or place, is characteristic of depression21. 58 

Low memory specificity is a trait-like characteristic of individuals at risk for depression6,22, 59 

those currently depressed19, and those in remission from depression23. Crucially, low memory 60 

specificity predicts the onset and course of depression23, especially in response to stress24. 61 

Thus, low memory specificity may comprise a cognitive mechanism through which stress 62 

increases the risk of developing depression. Here we examined whether positive memory 63 

specificity is related to lower cognitive and physiological vulnerability to depression at 64 

baseline and over time in adolescents at risk due to high emotionality and/or exposure to early 65 

life stress. 66 

 67 
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We examined whether positive memory specificity is associated with reductions in two types 68 

of vulnerability for depression: negative self-cognitions during low mood10–12 and high 69 

morning cortisol6–9. Negative self-cognitions refer to the tendency to blame and be derogatory 70 

about oneself (“I am useless”). Negative self-cognitions can be reactivated during in stress in 71 

individuals who are in remission from depression12 and have been shown to prospectively 72 

predict first incidence of depression25. In individuals at risk for depression with a negative 73 

thinking style, negative life events may be particularly detrimental. The capacity to recall 74 

positive memories, however, may attenuate the interactive risks conferred by stress-exposure 75 

and negative self-cognitions. Morning cortisol is a physiological marker of vulnerability to 76 

depression; high morning cortisol is associated with familial risk for9, onset6,8, presence7 and 77 

history of7 major depression. Recently, morning cortisol was shown to interact with stressful 78 

life events leading to more depressive symptoms in adolescent girls26. Recalling positive 79 

memories, in contrast, has been shown to dampen the cortisol response to stress4. Here, we 80 

therefore hypothesised that positive memory specificity would be associated with fewer 81 

negative self-cognitions during low mood and lower morning cortisol at baseline and over 82 

time. That is, we investigated the putative relationships between positive memory specificity 83 

and two distinct vulnerability pathways for depression; one cognitive and the other 84 

physiological27.  85 

 86 

In this study, the role of positive memory specificity was investigated prospectively in a 87 

sample of adolescents at-risk for depression due to early life stress and/or high emotionality. 88 

Here, early life stress was operationalised as the presence of any early risk factor including 89 

current marital disharmony or past breakdown, moderately to severely negative life events, 90 

parental psychiatric illness, and/or the loss of a close relative or friend. In this letter, we use 91 

the term more broadly when referring to studies that examined childhood emotional, physical 92 
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or sexual abuse and/or neglect. High emotionality was defined as scoring over the 80th 93 

percentile on this trait28. All participants (n = 427, 200 girls, age 14; see descriptive statistics 94 

in Supplementary Table 1) completed the experimental cued recall Autobiographical Memory 95 

Test at baseline29. We used the ratio of total specific divided by total categorical (overgeneral) 96 

responses to positive cues as our predictor variable. The rationale for using this ratio was that 97 

specific and categorical responses are thought to tap into the same underlying construct of 98 

positive memory specificity (see Supplementary Results for analyses validating this ratio). At 99 

baseline and 1-year follow-up, all participants reported the frequency of moderate to severe 100 

negative life events during the last 12 months in a semi-structured interview. At both times, 101 

all participants reported depressive symptoms during the last two weeks (Mood and Feelings 102 

Questionnaire30), and negative self-cognitions and dysphoric mood experiences during 103 

episodes of low mood in the past month12. In accordance with Teasdale’s Differential 104 

Activation hypothesis12, we used the ratio of negative self-cognitions divided by dysphoric 105 

mood as our measure of cognitive vulnerability to depression. To acquire a stable trait-like 106 

measure of morning cortisol, a latent factor was extracted from morning cortisol across four 107 

sampling days at both baseline and follow-up (see Supplementary Results and Supplementary 108 

Figure 1). The morning cortisol factor showed strong measurement invariance over time, 109 

therefore, changes in cortisol can be meaningfully interpreted (see Supplementary Table 2).  110 

 111 

We used path modeling in R (lavaan31) to examine whether positive memory specificity was 112 

related to fewer negative self-cognitions during low mood and lower morning cortisol 113 

currently and/or one year later. IQ and gender were specified as covariates since they have 114 

been associated with cognitive and physiological vulnerability for depression6,32. We also 115 

included negative life events as a covariate in the model because we were interested in 116 

depressive vulnerability relative to the extent of exposure to recent life stress33. These 117 
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variables deviated from a normal distribution (see Supplementary Table 3). Therefore, we 118 

employed a robust estimation method which accounts for this non-normality. We found that 119 

positive memory specificity at baseline was related to fewer negative self-cognitions during 120 

low mood at follow-up (Effect = -0.115, S.E. = 0.039, z = -2.983, P = 0.003, Pearson’s effect 121 

size r = -0.144, 95% CI = -0.235, -0.050), but not at baseline (Effect = -0.048, S.E. = 0.046, z 122 

= -1.038, P = 0.299, r = -0.050, 95% CI = -0.144, 0.050). Positive memory specificity was 123 

also related to lower morning cortisol at follow-up (Effect = -0.360, S.E. = 0.131, z = -2.747, 124 

P = 0.006, r = -0.133, 95% CI = -0.225, -0.039), but not at baseline (Effect = -0.305, S.E. = 125 

0.165, z = -1.851, P = 0.064, r = -0.090, 95% CI = -0.183, 0.004). Model fit was excellent (see 126 

Figure 1 and Table 1). The findings were not influenced by outliers (see Supplementary Table 127 

4) or selective attrition (see Supplementary Table 5). The absence of cross-sectional relations 128 

was not due to the inclusion of follow-up assessments in the model, as post hoc analyses 129 

showed no significant raw correlations between positive memory specificity and baseline 130 

cortisol (Spearman’s rank correlation, rho425 = -0.067, bootstrap 95% CI = -0.166, 0.023, P = 131 

0.169) or negative self-cognitions during low mood (rho425 = -0.073, bootstrap 95% CI = -132 

0.163, 0.012, P = 0.131).  133 

 134 

Insert Figure 1 about here 135 

 136 

Next, we examined whether the relationships in the path model (Figure 1 and Table 1) were 137 

due to memory specificity in general (and also found for negative memory specificity), or 138 

specific to positive memory specificity. We ran an exploratory model with both negative and 139 

positive memory specificity as predictors. In this model, there was a relation between positive 140 

memory specificity and negative self-cognitions/mood (Effect = -0.122, S.E. = 0.041, z = -141 

2.979, P = 0.003, r = -0.144, 95% CI = -0.235, -0.050) and morning cortisol at follow-up 142 
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(Effect = -0.368, S.E. = 0.146, z = -2.523, P = 0.012, r = -0.122, 95% CI = -0.214, -0.028). In 143 

contrast, negative memory specificity was unrelated to negative self-cognitions/mood (Effect 144 

= 0.018, S.E. = 0.043, z = 0.422, P = 0.673, r = 0.020, 95% CI = -0.075, 0.114) and morning 145 

cortisol at follow-up (Effect = 0.021, S.E. = 0.153, z = 0.134, P = 0.893, r = 0.007, 95% CI = -146 

0.087, 0.101). Relationships between positive memory specificity and negative self-147 

cognitions/mood (Effect = -0.033, S.E. = 0.049, z = -0.649, P = 0.497, r = -0.031, 95% CI = -148 

0.125, 0.064) and morning cortisol were not significant at baseline (Effect = -0.263, S.E. = 149 

0.179, z = -1.469, P = 0.142, r = -0.071, 95% CI = -0.164, 0.024). Negative memory 150 

specificity was unrelated to negative self-cognitions/mood (Effect = -0.038, S.E. = 0.049, z = 151 

-0.774, P = 0.439, r = -0.038, 95% CI = -0.132, 0.057) and morning cortisol at baseline 152 

(Effect = -0.108, S.E. = 0.169, z = -0.640, P = 0.522, r = -0.031, 95% CI = -0.125, 0.064). 153 

Robust fit statistics indicated good fit for the model with both predictors (X2
2 = 1.361, P = 154 

0.506, CFI = 1, TLI = 1.041, RMSEA = 0, 95% CI = 0.000, 0.087, SRMR = 0.007). In this 155 

model, constraining the negative memory specificity paths to zero did not affect model fit, 156 

suggesting that negative memory specificity was not needed to explain our data (robust chi-157 

square difference: X2
2 = 0.189, P = 0.910). The strength of the evidence against the model 158 

with negative memory specificity included was very strong (BIC = 10252 for the comparison 159 

model with both included; BIC = 10240 for the nested model with negative memory 160 

specificity constrained; BIC difference > 10)34. Robust fit statistics still indicated good fit 161 

when negative memory specificity was constrained: X2
4 = 1.558, P = 0.816, CFI = 1, TLI = 162 

1.078, RMSEA = 0, 95% CI = 0.000, 0.045, SRMR = 0.008. On the other hand, constraining 163 

the positive memory specificity paths to zero significantly lowered model fit (robust chi-164 

square difference: X2
2 = 16.214, P < 0.001). Compared to the model with both included, the 165 

evidence against the model with positive memory specificity constrained was positive, despite 166 

the lower complexity (BIC = 10252 for the comparison model with both included; BIC = 167 
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10255 for the nested model with positive memory specificity constrained; BIC difference 3)34. 168 

Robust fit statistics indicated poor model fit when positive memory specificity was 169 

constrained: X2
4 = 16.869, P = 0.002, CFI = 0.947, TLI = 0.605, RMSEA = 0.086, 95% CI = 170 

0.047, 0.131, SRMR = 0.020). Furthermore, the lack of an effect of negative memory 171 

specificity was not due to the inclusion of positive memory specificity in the same model. 172 

When positive memory specificity was constrained to zero, negative memory specificity was 173 

unrelated to negative self-cognitions/mood (Effect = -0.035, S.E. = 0.041, z = -0.844, P = 174 

0.399, r = -0.041, 95% CI = -0.135, 0.054) and morning cortisol at follow-up (Effect = -0.139, 175 

S.E. = 0.136, z = -1.020, P = 0.308, r = -0.049, 95% CI = -0.143, 0.046). Overall, positive but 176 

not negative memory specificity contributed to the path model, so negative memory 177 

specificity was not needed as a predictor. 178 

 179 

Insert Table 1 about here 180 

 181 

Accessing specific positive memories in the face of stress may activate a cognitive 182 

mechanism that ‘disconfirms’ negative self-cognitions, leading indirectly to mood 183 

improvement over time. To test this mechanistic hypothesis, we first ran a moderation 184 

analysis with prospective negative life events as a moderator of the relationship between 185 

positive memory specificity at baseline and negative self-cognitions at follow-up. We 186 

conducted a moderation analysis using the PROCESS macro in SPSS35. This analysis 187 

supported our hypothesis (see Table 2 and Supplementary Figure 2), showing a significant 188 

overall moderation (F1,419 = 7.927, P = 0.005, R2 change = 0.013), controlling for IQ, gender, 189 

negative life events and negative self-cognitions at baseline. In this model, positive memory 190 

specificity was associated with fewer negative self-cognitions in those who experienced at 191 

least one negative life event (Effect = -6.530, S.E. = 1.500, t = -4.353, P < 0.001, r = -0.208, 192 

95% CI = -0.297, -0.116), but not in those who did not experience any negative life events 193 
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(Effect = -1.150, S.E. = 1.232, t = -0.934, P = 0.351, r = -0.046, 95% CI = -0.140, 0.049). In 194 

contrast, post hoc analyses showed that negative life events did not moderate the relationship 195 

between positive memory specificity and dysphoric mood (F1,419 = 1.785, P = 0.182, R2 196 

change = 0.003), depressive symptoms (F1,419 = 1.534, P = 0.216, R2 change = 0.002), or 197 

morning cortisol (F1,419 = 0.271, P = 0.603, R2 change = 0.001) at follow-up, controlling for 198 

IQ, gender, negative life events and baseline values of the outcomes. Next, we explored 199 

whether negative self-cognitions mediated an indirect relationship between positive memory 200 

specificity and later depressive symptoms depending on exposure to negative life events (i.e., 201 

a moderated mediation with 5,000 bootstrap samples; Figure 2B). In line with the path model 202 

in Figure 1, we controlled for baseline depressive symptoms and negative self-cognitions in 203 

this analysis to focus on differences over time, in addition to IQ, gender and negative life 204 

events. This analysis (see Table 2, Figure 2A and Figure 2B) showed a significant indirect 205 

effect of positive memory specificity through lower negative self-cognitions on depressive 206 

symptoms, depending on exposure to negative life events (Index = -3.026, S.E. = 1.290, 95% 207 

CI = -5.752, -0.704).  208 

 209 

Insert Figure 2 about here 210 

 211 

The moderation model showed the same results without any covariates (F1,423 = 8.039, P = 212 

0.005, R2 change = 0.018; see Supplementary Table 6) and with outliers excluded (F1,382 = 213 

6.755, P = 0.010, R2 change = 0.012; see Supplementary Table 7). Also, the moderated 214 

mediation model showed the same results without any covariates (Index = -4.788, S.E. = 215 

1.859, 95% CI = -8.541, -1.255; see Supplementary Table 6) and with outliers excluded 216 

(Index = -2.206, S.E. = 1.034, 95% CI = -4.301, -0.291; see Supplementary Table 7). 217 

Importantly, the moderated mediation model was specified on data from two and not three 218 
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waves (see correlations between the cross-sectional measures in the model in Supplementary 219 

Results). However, a moderated mediation model with the mediator and outcome 220 

interchanged showed that depressive symptoms did not mediate the relationship between 221 

positive memory specificity and negative self-cognitions (Index = -1.184, S.E. = 1.167, 95% 222 

CI = -3.630, 0.962; see Table 2).  223 

 224 

Insert Table 2 about here 225 

 226 

In this study, we find that positive memory specificity is associated with reduced cognitive 227 

and physiological vulnerability to depression over time in at-risk adolescents. We further 228 

identify a potential cognitive mechanism whereby specific positive memories predict lower 229 

negative self-cognitions in response to stress. As such, it may be that specific positive 230 

memories help form boundaries to the scope of negative self-cognitions, thereby reducing the 231 

likelihood of the emergence of depressogenic symptoms36. We recently showed that 232 

emphasising the value of positive social experiences as part of a brief psychological treatment 233 

programme can lead to depressive symptom reduction on par with existing treatments in 234 

depressed adolescents37. Encoding of current positive social experiences may increase both 235 

the availability of specific positive memories and the probability of positive memories being 236 

retrieved later in life, which may disconfirm negative self-cognitions arising from low mood. 237 

 238 

We propose that positive memory specificity may be an adaptive mnemonic mechanism that 239 

may be especially relevant in adolescents at risk for depression. Early adverse experiences 240 

confer risk in part because being recurrently told ‘you are worthless’ and/or ignored are 241 

associated with the emergence of negative self-cognitions38. These comprise a cognitive 242 

vulnerability to depression which is ‘activated’ in the face of stress11, leading to subsequent 243 
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low mood. Early adversities have also been found to alter activation of brain areas involved in 244 

the specification of positive memories (i.e., reduced hippocampal activation), suggesting a 245 

neural substrate of lower positive memory specificity after early life stress39. Here, we find 246 

support for the idea that positive memory specificity may act as a naturalistic defence against 247 

the negative cognitive consequences emerging from new incoming stress in at-risk 248 

adolescents. 249 

 250 

Our findings conceptually replicate and extend findings that positive memory recall lowers 251 

acute cortisol and mood responses to stress induction in the laboratory, where mood 252 

improvements were particularly seen in resilient individuals4. This conceptual replication is 253 

important given calls to triangulate research findings with multiple methods and lines of 254 

evidence40. The relationship between positive memory specificity and depressive symptoms 255 

was dependent on exposure to stressful events as they occurred naturally over time. This 256 

conditional relationship is in line with findings in a recent longitudinal community study, 257 

which did not find an association between low memory specificity and subsequent 258 

depression; however, the study did not take the potential interaction with recent life events 259 

into account41. Importantly, we found that positive memory specificity was only associated 260 

with fewer negative self-cognitions during low mood and lower morning cortisol over time, 261 

and not at baseline. Our results complement research finding a delayed symptomatic and 262 

morning cortisol reduction after positive attentional bias modification training42. The effect of 263 

a positive memory and/or attentional bias may unfold over time by regulating responses to 264 

new life events. This notion is in line with our finding that positive memory specificity was 265 

related to lower depressive symptoms through fewer negative self-cognitions in response to 266 

negative life events. Positive memory specificity may similarly be associated with dampened 267 

cortisol responses to everyday hassles over time. Compared to such everyday stressors, the 268 



POSITIVE MEMORY SPECIFICITY AND VULNERABILITY TO DEPRESSION 

 12 

negative life events measured here may have been too infrequent to affect the relationship 269 

between positive memory specificity and morning cortisol43.  270 

 271 

We have previously demonstrated that in this sample, high morning cortisol predicts 272 

conversion to major depression only in boys with high subclinical depressive symptoms6, and 273 

similar results have been obtained in adolescent girls26. Here, we find that positive memory 274 

specificity is associated with reduced morning cortisol over time, thus potentially regulating 275 

an important physiological vulnerability marker of depression (note that this effect is present 276 

for both genders; see Supplementary Results). Together, these findings suggest that positive 277 

memory specificity in adolescents who are at risk, but not yet clinically unwell, may reduce 278 

depressive vulnerability associated with elevated morning cortisol levels. Furthermore, this 279 

physiological pathway to depressive vulnerability appeared to be relatively distinct from our 280 

measure of cognitive vulnerability, which was unrelated to cortisol in the path model (see 281 

Figure 1). This dissociation is in accordance with recent research findings, where 282 

pharmacological blockade of the Hypothalamic-Pituitary-Adrenal (HPA) axis stress response 283 

had no influence on subjective mood and self-esteem responses to stress44. Thus, while recent 284 

theory suggests that negative biases and cortisol may be interlinked in depression27, we find a 285 

dissociation of cognitive and physiological vulnerability to depression in this study. Positive 286 

memory specificity may be associated with alleviated depression vulnerability through 287 

distinct pathophysiological mechanisms in different individuals. As of yet unidentified, 288 

intermediate neural pathways may link these mechanisms. Reward-related neural circuitry 289 

may be a promising candidate, which is related to both mood and cortisol reactivity, and is 290 

activated during positive memory recall, facilitating resilient responses to stress4. 291 

 292 
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Currently, we do not know the precise mechanisms through which positive memory 293 

specificity is associated with reduced cortisol levels over time in the developing adolescent. 294 

However, there is some evidence to support a potential mediating role of reward processing in 295 

the effects of positive memory recall on mood and cortisol4. Blunted reward processing 296 

arising from the striatum is one of the strongest effects of early life stress on the developing 297 

adolescent brain45. The intrinsically rewarding properties of positive memories (where 298 

activation of the striatum underpins rekindling of positive emotion) may be lowered in 299 

depressed individuals46, possibly as a consequence of blunted striatal responses to reward in 300 

major depression47. Thus, the protective effects associated with positive memory specificity in 301 

these at-risk individuals may be in part due to successful engagement of corticostriatal reward 302 

circuits. The amygdala, hippocampus and ventral striatum may be particularly important in 303 

regulating the HPA axis due to their direct connections with the paraventricular nucleus, 304 

which regulates signals to the HPA axis48. Lower daily cortisol output is associated with 305 

sustained corticostriatal activation to positive stimuli49, and decreased amygdala signal 306 

coupled with increased ventromedial prefrontal activation during emotion regulation50. Thus, 307 

improved reward and positive emotion processing may lead to lower morning cortisol levels. 308 

Updating of reward-based learning over time through the activation of positive memories 309 

could further explain our findings of longitudinal, but not cross-sectional, relations between 310 

positive memory specificity and morning cortisol.   311 

 312 

In a striking homology, stimulation of positive memory engrams reduced stress-induced 313 

depression-like behaviour in preclinical mouse models5. Optogenetic reactivation of positive 314 

memory engrams in the dentate gyrus triggered the reward system, including parts of the 315 

striatum and the amygdala, which again acted as a mechanism of the antidepressant effect. 316 

Importantly, optogenetic reactivation of engrams which encoded the memory of a positive 317 
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experience (i.e., meeting a female mouse), but not simple exposure to the positive situation, 318 

lowered depression-like behaviour in male mice. This suggests that recalling specific positive 319 

memories, with concurrent activation of neural systems involved in emotion and reward 320 

processing, may facilitate resilient responses to stress51. This benefit of positive emotion and 321 

reward activation was additionally supported by a recent neurofeedback study where the 322 

effect of positive memory recall on depressive symptoms was mediated by increased 323 

amygdala activity after training52. In sum, recalling specific positive memories may rekindle 324 

positive emotion and regulate cortisol output over time. The possibility that this effect is 325 

mediated by reward processing should be investigated in future research. 326 

 327 

Positive memory specificity may be a resilience factor that facilitates adaptive responses to 328 

stress. An international consortium recently proposed a resilience framework where resilience 329 

is defined as ‘The maintenance or quick recovery of mental health following an adverse life 330 

event or a period of adversity’13. In this framework, stable pre-existing factors (resilience 331 

factors) facilitate resilient responses to future stress. These are distinguished from resilience 332 

mechanisms, which reflect adaptive responses to stress. Our findings suggest that positive 333 

memory specificity comprises a pre-existing resilience factor6,22 that confers adaptive 334 

responses to stress (lower negative self-cognitions after negative life events; the resilience 335 

mechanism). This process may in turn help the maintenance or quick recovery of mental 336 

health (i.e., lower depressive symptoms) after stressful life events.  337 

 338 

Notably, we showed no cross-sectional relation between positive memory specificity and both 339 

negative self-cognitions during low mood and morning cortisol. These findings are in 340 

accordance with the resilience framework, which suggests that resilient outcomes can only be 341 

measured after some form of life stress13. Depressive vulnerability was stress-emergent in this 342 
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study; positive memory specificity was only associated with fewer negative self-cognitions 343 

and, indirectly, lower depressive symptoms in the presence of at least one negative life event. 344 

This is in line with an emerging animal literature finding hormonal, neural and epigenetic 345 

adaptations to experimental stress, which facilitate future beneficial outcomes53. Based on this 346 

literature, it has been suggested that the process underlying resilient responses to stress is 347 

dynamic and interacting rather than a stable property of an organism which can be measured 348 

in a cross-sectional manner53. Our findings could be explained by similar adaptive processes 349 

over time, and support a dynamic conceptualisation of resilience. 350 

 351 

Our findings may have important clinical implications. One possibility is that training in 352 

recalling specific positive memories may lower risk of developing depression. Such training 353 

has already shown promise54. For example, real-time amygdala neurofeedback during positive 354 

memory recall improved positive memory specificity and in turn lowered depressive 355 

symptoms after training52. Training may address the disturbed specificity and vividness of 356 

positive memory recall observed in depressed and recovered individuals (hampering the 357 

experience of “reliving” positive memories and thereby its mood-repairing effects)18. A recent 358 

study of positive memory enhancement training which emphasised specific positive memory 359 

recall provided preliminary support for this hypothesis. This study found higher memory 360 

specificity and higher perceived ability to “relive” positive memories after training, improving 361 

mood in depressed individuals55. The mechanistic role of negative self-cognitions in our study 362 

suggests that in particular, training in accessing specific self-affirming positive memories56 363 

may result in lower depressive symptoms in at-risk adolescents. Thus, our findings support 364 

ongoing work exploring the effects of targeting autobiographical memory processing on 365 

vulnerability to emotional disorders54,57. 366 

   367 
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The current findings should be interpreted with the caveat that we did not have experimental 368 

control over the studied variables, thereby limiting the causal inferences that can be drawn. 369 

Although path models cannot establish causality from associations alone58, they can examine 370 

whether a given hypothesised causal model is provisionally compatible with (i.e., not rejected 371 

by) the data, and whether it is more or less plausible than models that specify competing 372 

causal accounts. In doing so, temporal precedence is the most important criterion for causal 373 

models in the absence of experimental manipulation59. In our analyses, we aimed to establish 374 

temporal precedence by taking baseline measures into account (together with important 375 

confounds). In addition, we conceptually replicate findings from an experimental study4, 376 

which provided a foundation for our hypothesis about causal direction. Finally, reduced 377 

morning cortisol associated with positive memory specificity may be interpreted as 378 

meaningful, because we established strong longitudinal measurement invariance of the 379 

cortisol assessments. However, we cannot fully discount the alternative causal explanation 380 

that cortisol moderated positive memory specificity60. In sum, although the present data seem 381 

to be compatible with our proposed causal model, we cannot conclude from these analyses 382 

that the relationships are causal. Future work should test whether manipulating positive 383 

memory specificity affects cognitive and physiological vulnerability to depression. 384 

 385 

There are also some methodological limitations to consider. The relatively low number of cue 386 

words (i.e., 12) in the Autobiographical Memory Test may have reduced the reliability of the 387 

measure, particularly as responses to positive and negative cue words were analysed 388 

separately. It should further be noted that as only current and not previous psychopathology 389 

was among the exclusion criteria, it is possible that ‘scarring’ effects from previous episodes 390 

of psychopathology affected the results. However, this issue is limited by that participants 391 

were recruited in early adolescence, before the age of onset of many depressive disorders61. 392 
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Moreover, the pattern of results did not differ in individuals who were diagnosed with major 393 

depression at follow-up (see Supplementary Results). Furthermore, exploratory analyses 394 

showed that all relationships between depressive vulnerability and positive memory 395 

specificity were independent of variation in self-esteem and mood-related rumination (see 396 

Supplementary Results). However, it should be noted that there may be other confounding 397 

variables underlying these associations (e.g., a general positive processing bias) not measured 398 

in this study. 399 

 400 

A limitation of the cortisol sampling protocol was that cortisol was assessed at 08.00 am with 401 

a variable time interval from waking across four mornings at baseline and follow-up. 402 

However, if the measure was highly variable due to confounding from awakening times, the 403 

latent factor of morning cortisol would be expected to reflect state characteristics and not be 404 

highly stable over time. This was not the case, as morning cortisol showed strong longitudinal 405 

measurement invariance (see Supplementary Results). 406 

 407 

A final caveat of our study is that in the exploratory moderated mediation models, the 408 

mediator and outcome variables were assessed at the same time. However, if shared 409 

measurement variance fully explained the mediating role of negative self-cognitions with 410 

depressive symptoms as the outcome, one would assume to find a significant mediation when 411 

the variables were interchanged. Yet, depressive symptoms did not mediate the relationship 412 

between positive memory specificity and negative self-cognitions at follow-up. Similarly, 413 

participants reported both negative life events in the last 12 months and depressive symptoms 414 

in the last two weeks at the same time point at follow-up, possibly inflating their (small to 415 

moderate) interrelation. This may have been affected in part by recall bias, where participants 416 

with high depressive symptoms may have overestimated the occurrence of recent negative life 417 
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events. However, negative life events were ascertained in a validated semi-structured 418 

interview with particular emphasis on reducing recall bias, showing high parent-child and 419 

panel agreement in previous reports62. Also, any time-invariant recall bias was taken into 420 

account by controlling for baseline reporting of negative life events. Finally, the moderated 421 

mediation analyses were exploratory, and need to be replicated in independent samples. With 422 

the above caveats in mind, we tentatively suggest that lower negative self-cognitions may 423 

comprise a cognitive mechanism through which positive memory specificity is associated 424 

with decreased vulnerability to depression in response to stress in at-risk adolescents. 425 

 426 

In sum, we show that positive memory specificity is associated with lower morning cortisol 427 

and fewer negative self-cognitions during low mood over time in at-risk adolescents. We 428 

propose that positive memory specificity may comprise a resilience factor in at-risk 429 

adolescents, potentially through moderating cognitive and physiological pathways to 430 

depressive vulnerability after life stress. Our findings conceptually replicate and extend 431 

previous experimental work4, showing the potential role of positive memory specificity in 432 

regulating responses to stressors as they occur naturally over time. These findings may have 433 

important clinical implications, highlighting the role of remembering specific positive life 434 

experiences in adolescent mental health resilience.  435 

 436 

Methods 437 

The analyses were carried out on data from the Cambridge Hormones and Mood Project8. We 438 

used a subsample of participants with data available for all measures (n = 427), and these did 439 

not significantly differ from the full sample (n = 575; see Supplementary Table 1). No 440 

statistical methods were used to pre-determine the sample size. However, our sample size is 441 

larger than those reported in previous publications24,41,63. The exclusion criteria were: current 442 
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mental illness, current medical illness, pervasive developmental disorders, history of epilepsy 443 

or central neurological disease or non-English speaking. Data was collected at secondary 444 

schools in the county of Cambridgeshire in the middle 1990s (see Supplementary Methods for 445 

information about recruitment). Interviews were conducted in the school setting, which 446 

increases generalisability to a context relevant for early interventions. Parents and youths 447 

gave written informed consent to join the study. The study was approved by the Cambridge 448 

Local ethics committee and was conducted in accordance with the first revision of the 449 

Declaration of Helsinki (Tokyo, 1975).  450 

 451 

Adolescents at risk of developing depression due to high emotional temperament or exposure 452 

to early adversity were selected and followed up over 12 months. Emotional temperament was 453 

assessed with the EAS scales (Emotionality, Activity, Sociability and Shyness)28 completed 454 

by parents. Emotionality is associated with development of clinical depression64. At-risk 455 

status was defined as having at least one early risk factor, which could be: scoring high (over 456 

the 80th percentile) on the emotionality scale; current marital disharmony or past breakdown; 457 

loss of/ permanent separation from a close relative or friend; history of parental psychiatric 458 

disorder; moderately to severely undesirable events in the past twelve months. Moderate to 459 

severe negative life events in the past 12 months were assessed by semi-structured interview 460 

at baseline and follow-up62. A clear benefit over self-report were objective panel ratings of 461 

severity, taking factors such as social context into account (see Supplementary Methods for an 462 

overview of the types of events).  463 

 464 

The Autobiographical Memory Test (AMT)29 was developed to assess the content of 465 

memories evoked by an experimental cued recall procedure. The AMT is validated and shows 466 

good psychometric properties in young adolescents65. Participants were presented with one of 467 
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six positive and six negative cues at a time (e.g., ‘happy’) and instructed to recall a specific 468 

episode in relation to that cue. 60 seconds were allowed to produce a response. Memories 469 

were coded by research assistants trained by Professor Mark Williams, who created the 470 

Autobiographical Memory Test29. All ambiguous / uncertain codings were discussed at a 471 

consensus meeting of trained researchers and a coding was agreed upon. Inter-rater 472 

agreement, using the same scoring procedure, has previously been reported as excellent (99.3 473 

% for categorical responses)19. Specific memories were defined as an episode with a specific 474 

time and place lasting no longer than a day. Responses were coded as categorical if they 475 

referred to repeated events. We used the ratio of specific to categorical responses to positive 476 

and negative cues in our analyses. 477 

  478 

The Depressed States Checklist12 is a measure of negative self-cognitions and dysphoric 479 

experience during episodes of low mood. Participants were asked to report how they felt 480 

when their mood went down at an occasion in the last month and rate their experience on 28 481 

adjectives (i.e., not at all; slightly; moderately; very; or extremely) of which 14 were 482 

dysphoric mood descriptors (e.g., “sad”) and 14 assessed negative self-cognitions (implying a 483 

globally negative view of the self, e.g., “useless”). The distinct and interactive nature of these 484 

two components of dysphoric experience has been supported12. 485 

 486 

The Moods and Feelings Questionnaire (MFQ) is a 33-item measure of self-reported 487 

depressive symptoms for use in children and adolescents30. Participants rated their symptoms 488 

over the last two weeks on a three-point Likert scale (0 = not true, 1 = sometimes, 2 = true). 489 

The scale has good psychometric properties (α = 0.91, test-retest: r = 0.84)66.  490 

 491 



POSITIVE MEMORY SPECIFICITY AND VULNERABILITY TO DEPRESSION 

 21 

Morning cortisol was measured at 08.00 am at four occasions within a week after the baseline 492 

measurements (see Supplementary Methods for information about assay technique). The same 493 

procedure was followed 12 months later. Participants took samples on four consecutive 494 

schooldays and recorded their time of waking. The mean time from waking to sampling was 495 

50 minutes. Morning cortisol is relatively stable over time in this cohort (estimated to 48-60% 496 

using latent state-trait modeling6). 497 

 498 

Adolescents’ current mental state was ascertained with the Kiddie Schedule for Affective 499 

Disorders and Schizophrenia patient version67 and history of psychiatric illness was assessed 500 

by semi-structured interview with both adolescents and parents. General cognitive ability (IQ) 501 

was estimated from a short version of the Wechsler Intelligence Scale for Children–II68 502 

including the block design and vocabulary subtests.  503 

 504 

Path modeling, confirmatory factor analyses (CFA) and structural equation modeling (SEM) 505 

were carried out in R version 3.4.1 (‘Single Candle’) using the packages ggplot269 and 506 

lavaan31 (see the Supplementary Software for R code). CFA is a confirmatory latent variable 507 

technique where a theorised latent construct (‘morning cortisol’) load on separate indicators 508 

(cortisol assessments across several mornings), which also have a unique variance not 509 

accounted for by the latent factor (i.e., ‘error’; see Supplementary Figure 1). Path modeling is 510 

a more flexible and powerful extension to the regression model where directional hypotheses 511 

about linear relationships between independent variables (i.e., positive memory specificity) 512 

and dependent variables can be tested (i.e., morning cortisol and negative self-cognitions 513 

during low mood)70. It should be noted that path modelling does not provide evidence for the 514 

causality of such relationships. However, it may indicate whether the causal model under 515 

investigation is compatible with the data58. Results were validated in a structural equation 516 
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model (which combines the principles behind CFA and path modeling) using the Full 517 

Information Maximum Likelihood method (FIML; see Supplementary Table 5). FIML yields 518 

unbiased parameter estimates assuming data is missing at random or missing completely at 519 

random71. The path model described in the main analyses had 32 free parameters, which is 520 

above the common guideline of minimum 10 observations per parameter (n = 427)72.  521 

 522 

The moderation and moderated mediation analyses were conducted in PROCESS 3.0 (model 523 

1 and 7 respectively; processmacro.org) using IBM SPSS Statistics Version 25.0. These 524 

analyses were based on the ordinary least squares method. We followed the recommendations 525 

of Hayes35 for these analyses, given its superior power and conceptual advantages over the 526 

traditional causal steps approach73. Using percentile bootstrap confidence intervals, 527 

PROCESS offers computation of a single index testing the significance of the moderated 528 

mediation model, removing the need for separate significance tests of each path.  529 

 530 

To account for deviations from multivariate normality we use a robust robust maximum 531 

likelihood estimator (‘MLR’ in lavaan) which computes robust standard errors and a scaled 532 

test statistic31. Furthermore, the bootstrap confidence intervals in the moderated mediation 533 

analyses are customised to the distribution of the data35. Finally, we report non-parametric 534 

Spearman’s rank correlations with bootstrap confidence intervals. Tests of equality of 535 

variances, based on the median to account for non-normality, is reported for statistical 536 

analyses of group differences. 537 

 538 

Removing 37 outliers with z-scores ± >3 did not change any of the main findings reported 539 

(see Supplementary Tables 4 and 7 for results with outliers removed). All hypothesis tests 540 

conducted were two-tailed. Effect sizes reported here (Pearson’s r) represent conservative 541 
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estimates, as they were calculated based on z and t scores from the baseline-adjusted 542 

longitudinal models. 543 

 544 

We report chi-square (X2) fit statistics, the root mean squared error of approximation 545 

(RMSEA) with its 90 % confidence interval, and standardized root mean square residual 546 

(SRMR). RMSEA of less than 0.05 and an SRMR below 0.1 implies a good fit70. We also 547 

report the comparative fit index (CFI) and the Tucker-Lewis index (TLI), where values of CFI 548 

and TLI over 0.95 represent good fit70. For model comparisons, we report the robust (scaled) 549 

Satorra-Bentler chi-square difference test. We also report the Bayesian Information Criterion 550 

(BIC), which is penalised for the number of freely estimated parameters, favouring the least 551 

complex model. As a rule of thumb, a BIC difference over 10 is considered very strong 552 

evidence against the model with the highest BIC, 6 to 10 is considered strong evidence, 2 to 6 553 

is considered positive evidence and 0 to 2 is considered negligible evidence34. 554 

 555 

Data availability statement 556 

The data supporting the analyses presented in this paper is available at the University of 557 
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Figure 1. Positive memory specificity is related to lower cognitive and physiological vulnerability over time. 786 
n = 427. Path model showing that positive memory specificity is associated with both fewer negative self-787 
cognitions during low mood and lower morning cortisol at follow-up. Broader arrows indicate stronger 788 
relationships. z = standardised path coefficient, r = Pearson’s r effect size, 95% CI = 95% confidence interval of 789 
the effect size.  790 
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Figure 2. Positive memory specificity is associated with reduced depressive symptoms after life stress.  791 
n = 427. Plot a is showing a significant interaction where the effect of positive memory specificity on negative 792 
self-cognitions depends on exposure to recent negative life events. Specifically, positive memory specificity is 793 
moderately related to lower negative self-cognitions in those exposed to one or more recent negative life events 794 
(during the 12 months of the study; blue line). The relationship is small and not significant in those not exposed 795 
to recent negative life events (black line). Lines show unadjusted regression lines for illustration purposes, and 796 
grey bands show 95% confidence intervals. Figure b shows a moderated mediation model where positive memory 797 
specificity at baseline is associated with decreased depressive symptoms indirectly over time. The relationship is 798 
mediated by negative self-cognitions, depending upon exposure to negative life events. Path a: Relationship 799 
between positive memory specificity and negative self-cognitions, depending on exposure to recent negative life 800 
events; Path b: Relationship between negative self-cognitions and depressive symptoms; Path c’: Relationship 801 
between positive memory specificity at baseline and depressive symptoms at follow-up, controlling for the indirect 802 
effect; Path ab:  the index of the conditional indirect effect of positive memory specificity on depressive 803 
symptoms. The 95% confidence interval (CI) for this indirect path does not include 0, suggesting that the 804 
moderated mediation is significantly different from 0 (at P < 0.05). Path values represent unstandardised 805 
coefficients and bootstrap standard errors. 806 
  807 
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Positive memory specificity is associated with fewer negative self-cognitions and lower morning cortisol. n 808 
= 427. (b) = baseline, (f) = follow-up. Boys are coded as 1, girls as 2. Significant paths are bolded. Robust model 809 
fit indices: X2

2 = 1.353, P = 0.508, CFI = 1, TLI = 1.036, RMSEA = 0, 90% CI = 0.000, 0.087, SRMR = 0.008. 810 
Estimate = unstandardised path coefficient, S.E. = robust standard error, z-value = standardised path coefficient, 811 
r = Pearson’s r effect size, 95% CI = 95% confidence interval of the effect size. 812 
 813 
Table 1. 814 

Outcome Predictor Estimate S.E. z-value P(>|z|) r 95 % CI 

Morning cortisol (b) Positive memory specificity (b) -0.305 0.165  -1.851 0.064 -0.090 -0.183, 0.004 

 Negative life events (b)  0.012 0.060   0.198 0.843  0.010 -0.084, 0.104 

 Gender (b)  0.677 0.115   5.878 0.001  0.285  0.196, 0.369 

 IQ (b) -0.000  0.003     -0.087 0.931 -0.004 -0.098, 0.090 

Morning cortisol (f) Morning cortisol (b)  0.363 0.081   4.483 0.001  0.217  0.125, 0.305 

 Positive memory specificity (b) -0.360 0.131  -2.747 0.006 -0.133 -0.225, -0.039 

 Negative self-cognitions/mood (b)  0.144 0.137   1.054 0.292  0.051 -0.044, 0.145 

 Negative life events (b)  0.008 0.053   0.156 0.876  0.008 -0.086, 0.102 

 Negative life events (f)  0.083 0.048   1.726 0.084  0.084 -0.010, 0.177 

 Gender (b)  0.288 0.106   2.730   0.006  0.132  0.038, 0.224 

 IQ (b)  0.011 0.003    3.772 0.001  0.183  0.090, 0.273 

Negative self-cognitions/mood (b) Positive memory specificity (b) -0.048  0.046   -1.038   0.299 -0.050 -0.144, 0.045 

 Negative life events (b)  0.022  0.016     1.433    0.152  0.069 -0.026, 0.162 

 Gender (b)  0.032 0.032     1.002    0.317  0.049 -0.046, 0.143 

 IQ (b) -0.001    0.001     -0.802   0.423 -0.039 -0.133, 0.056 

Negative self-cognitions/mood (f) Negative self-cognitions/mood (b)  0.399 0.071     5.631 0.001  0.273  0.183, 0.358 

 Positive memory specificity (b) -0.115 0.039   -2.983     0.003 -0.144 -0.235, -0.050 

 Morning cortisol (b) -0.012  0.012   -0.978  0.328 -0.047 -0.141, 0.048 

 Negative life events (b)  0.015 0.012   1.288 0.198  0.062 -0.033, 0.155 

 Negative life events (f)  0.015 0.013   1.180   0.238  0.057 -0.038, 0.151 

 Gender (b)  0.019 0.030    0.627  0.531  0.030 -0.065, 0.124 

 IQ (b)  0.000     0.001       0.512 0.609  0.025 -0.070, 0.119 

Morning cortisol (b) ~~ Negative self-cognitions/mood (b)  0.026 0.019   1.370 0.171  0.066 -0.029, 0.159 

Morning cortisol (f) ~~ Negative self-cognitions/mood (f)  0.000 0.013   0.036 0.972  0.002 -0.092, 0.096 
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Results of moderation and moderated mediation models. n = 427. All significant values are bolded. 816 
Moderation: Positive memory specificity predicting negative self-cognitions depending on negative life events. 817 
Moderated mediation 1: Positive memory specificity predicting depressive symptoms through negative self-818 
cognitions depending on negative life events. Moderated mediation 2: Positive memory specificity predicting 819 
negative self-cognitions through depressive symptoms depending on negative life events. The index of the 820 
moderated mediation (ab) is significant for confidence intervals that do not include 0. Predictor: baseline, 821 
moderator: between baseline and follow-up, mediator and outcome: follow-up. Levels of the moderator are 0 (no 822 
events) and 1+ (one or more events). Pos memory = positive memory specificity, Neg events = Negative life 823 
events, Neg self = Negative self-cognitions, Dep sympt = Depressive symptoms. Path a1/a2 = conditional effect 824 
of predictor on mediator, b = relationship between mediator and outcome, ab = indirect effect of predictor on 825 
outcome, through mediator, c’ = direct effect of predictor on outcome controlling for the indirect effect, c1/c2 = 826 
conditional direct effect of predictor on outcome. Effect = standardised coefficient, S.E. = bootstrap standard error, 827 
df = degrees of freedom, 95% CI = 95% bootstrap confidence interval of the estimate, R2 = variance explained, 828 
MSE = mean squared error. 829 
 830 
Table 2. 831 

Path Predictor Moderator Mediator Outcome Effect S.E. df t 95% CI P(>|z) 

 

Moderation: R2 = 0.335, MSE = 48.978, F7,419 = 30.165, P < 0.001 

 

c1 Pos memory 0 events  Neg self -1.150 1.232 418 -0.934 -3.571, 1.271 0.351 

c2 Pos memory 1+ events  Neg self -6.530 1.500 418 -4.353 -9.479, -3.582 0.001 

 

Moderated mediation 1: R2 = 0.373, MSE = 46.301, F8,418 = 31.073, P < 0.001 

 

a1 Pos memory 0 events Neg self  -0.773 1.200 418 -0.644 -3.132, 1.585 0.520 

a2 Pos memory 1+ events Neg self  -5.968 1.463 418 -4.080 -8.843, -3.092 0.001 

b   Neg self Dep sympt  0.583 0.044 419 13.370  0.497, 0.668 0.001 

ab Pos memory Neg events Neg self Dep sympt -3.026 1.290 419  -5.752, -0.704  

c’ Pos memory Neg events Neg self Dep sympt  0.265 0.858 419  0.309 -1.422, 1.951 0.758 

 

Moderated mediation 2: R2 = 0.403, MSE = 53.216, F8,418 = 35.295, P < 0.001 

 

a1 Pos memory 0 events Dep sympt  -0.466 1.286 418 -0.362 -2.995, 2.062 0.717 

a2 Pos memory 1+ events Dep sympt  -2.772 1.568 418 -1.768 -5.855, 0.310 0.078 

b   Dep sympt Neg self  0.513 0.038 419 13.370  0.438, 0.589 0.001 

ab Pos memory Neg events Dep sympt Neg self -1.184 1.167 419  -3.630, 0.962  

c’ Pos memory Neg events Dep sympt Neg self -2.133 0.799 419 -2.670 -3.703, -0.562 0.008 

 832 


