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Abstract 

Background: Early-life adversity, including food deprivation, has been linked with 

late-life cognitive function. Our aim was to explore the association between history of 

hunger, age at hunger and its duration with cognitive performance and decline among 

old-age Europeans. 

Methods: Our sample included dementia-free individuals aged ≥65 years who 

participated in waves 3 and 4 of the Survey of Health, Ageing and Retirement in Europe 

(SHARE). Information on periods of hunger during life-course was gathered in wave 3 

(2009;SHARELIFE). Cognitive performance was assessed using tests of memory, 

verbal fluency and numeracy in waves 4 (2011) and 5 (2013). Regression models were 

used to assess the relationship between exposure to hunger at different ages and hunger 

duration with cognitive performance and decline while adjusting for age, sex, 

education, life-style and health factors.  

Results: Among a sample of 2,131 individuals (mean age=76.2; 50% women), 

exposure to hunger during ages 0-4 years was associated with poorer immediate and 

delayed recall, fluency and impaired numeracy factors (B±SE=-0.58±0.12; p<0.001; 

B±SE=-0.74±0.13; p<0.001, B±SE)=-1.60±0.42;p<0.001 and OR [95% CI]=0.57 

[0.42-0.79], respectively). These results attenuated after controlling for hunger duration 

but remained significant for delayed recall. Hunger at ages 12-18 years was associated 

with better immediate recall, delayed recall and fluency (B±SE=0.38±0.15; p=0.010; 

B±SE=0.37±0.17; p=0.026, B±SE=1.57±0.53; p=0.003, respectively). The associations 

of hunger with cognitive decline were similar but less robust.  

Conclusions: Our findings suggest that severe nutritional deprivation in early 

childhood may be associated with poor cognitive function while food deprivation in 

later childhood and adolescence may be protective.   
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1. Introduction 

With aging, cognitive function varies considerably between individuals. While 

some older adults have atypically large cognitive decline, others deviate by having 

strikingly high-performance levels long into advanced age [1,2]. It is thought that the 

rate of cognitive decline in late-life is determined by a complex interplay between 

various risk and protective factors which exert their effect on the brain at different times 

during the life course beginning in gestation [3]. Specifically, the early-life period is 

considered a sensitive time window in which the brain shows pronounced growth and 

development, and thus environmental factors can exert substantial and lasting effects 

on its structure and function [4,5].  

The importance of nutritional status in early stages of life to brain health in old 

age may be indicated by utilizing information on the cognitive consequences of food 

deprivation. In a recent meta-analysis, individuals exposed to food deficiency during 

childhood had approximately 2-fold increase in risk for cognitive impairment compared 

to those who did not experience food deprivation, however this estimate was based on 

two studies only [6]. In line with these findings, severe food deprivation during the 

Chinese famine in early life was associated with poorer cognitive performance [7,8] 

and with a greater cognitive decline [9]. However, no significant associations were 

found between exposure to the Chinese famine and measures of global cognition or 

incident dementia [8,9], and the authors concluded that the consequences of the Chinese 

famine were not severe enough to be linked with dementia risk [9]. Furthermore, an 

unexpected protective role of food deprivation during childhood in relation to late-life 

brain health has been demonstrated among African-Americans who participated in the 

Chicago Health and Aging Project [10]. 
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The inconsistencies in previous findings may reflect, at least partly, the 

heterogeneity in periods during the life-course in which food deprivation has occurred. 

Studies assessing food deprivation in specific periods during the life-course, and 

particularly during early adulthood are sparse, and findings are conflicting. In a study 

conducted in Ghana, famine was associated with cognitive development only in those 

exposed to it between the ages of 0 to 2 years but not in older ages [11]. Nevertheless, 

it has also been shown that only those exposed to the Chinese famine at ages 7-9 years 

showed poorer performance on the Montreal Cognitive Assessment while no 

association with famine during the younger or older age groups was found [9].  

In addition to assessment of specific time periods of food deprivation in early-

life, another factor that can contribute to late-life brain health is the length of food 

deprivation period, which to our knowledge, was not accounted for in previous 

literature. Thus, in the current study we sought to assess the relationship of food 

deprivation in different stages of early life and its duration with cognitive performance 

and decline among elderly individuals who participated in the Survey of Health, 

Ageing, and Retirement in Europe (SHARE) [12].  

 

2. Methods 

2.1 Study sample 

SHARE is a multidisciplinary cross-national, longitudinal survey which collects 

information on nationally representative samples of adults in Europe. The survey 

participants are community-dwelling individuals aged 50 years and older and their 

spouses of any age [12]. Interviews are conducted in the respondents' house by trained 

https://www.parkinsons.va.gov/Consortium/MoCA.asp
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interviewers, using a computer-assisted personal interviewing program (CAPI), 

following the participants' informed consent.  

The current analysis focused on individuals who participated in the third survey 

wave, which collected retrospective data (2008/9), as well as in the following Wave 4 

(2011). In addition, we restricted our sample to include only those aged 65 years and 

above in Wave 4 (N=9744), because a steeper cognitive decline has been observed 

starting from this age [13]. We excluded 204 participants who reported being diagnosed 

with a stroke, Parkinson’s disease or Alzheimer’s disease in wave 4, resulting in an 

initial sample of 9726. Of this sample, 11% (1065) experienced some periods of hunger 

during their lives. The hunger group was matched with a control group that did not 

experience hunger using propensity scores based on age, gender and education via the 

Coarsened Exact Matching method [14]. The matched control sample included 1066 

respondents who did no report food deprivation, but who were similar in age, gender 

and education to those who reported experiencing periods of hunger. Thus, the main 

analytical sample for the current analysis included 2131 participants.  

2.2 Measurements 

The cognitive evaluation included four cognitive tests. Immediate and delayed 

episodic memory was assessed using the modified version of Rey’s Auditory Verbal 

Learning Test—RAVLT [15] which evaluates short-term verbal learning and memory. 

In SHARE, the interviewer reads out a list of 10 words, after which the respondent is 

asked to recall as many of them as s/he can. The test is then repeated after 5–10 minutes. 

Numeracy was measured using the Serial Sevens test, in which respondents are asked 

to count down from 100 by sevens, for four times. The test measures concentration and 

basic calculation skills [16]. Respondents received one point for each correct answer 

[17]. The numeracy variable therefore ranges from 0 to 5, however due to a high rate 
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of correct responses (mean = 4.2), its scores were divided into two categories: 0 = at 

least one mistake; 1 = the entire test answered correctly. Lastly, executive function and 

language ability were assessed by a verbal fluency test, in which the participants were 

required to state the names of as many animals as they could in a 1-minute period [18]. 

Due to outliers in a small number of cases, scores above 45 were re-coded as 45. 

Information on periods of hunger was collected in wave 3 of SHARE (2008/9), 

which focused on gathering retrospective information on respondents’ life course. 

Respondents were asked: "(Looking back on your life,) was there a period during which 

you suffered from hunger?" If their answer was positive, they were asked to indicate 

the year in which this period of hunger started and the year in which it stopped. We 

then calculated the age of respondents when the hunger period began and divided them 

into four age groups: 0-4 years; 5-11 years; 12-18 years and 19+ years. We added to 

this variable another group of participants who did not experience hunger, which was 

used as a reference category in the regression analyses. We used the number of hunger 

years as an additional predictor.  

The study included socio-demographic and health covariates [19]. These were: 

age, sex, education level (low and secondary\high educational attainment) [20],  body 

mass index (BMI) based on self-reported height and weight, number of chronic 

conditions, physical activity (yes\no), currently smoking cigarettes (yes\no), depressive 

symptoms [21], income (adjusted for household size and divided to tertiles within each 

country), frequency of weekly consumption of fruit or vegetables, dairy products, fish 

or chicken and legumes or eggs. Information on occurrences of earlier periods of stress, 

poor health and financial hardship was also collected. 
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2.3. Statistical analysis 

Data analysis was conducted using STATA (version 15). Linear regression 

models evaluated the associations of history of hunger - its age periods and duration - 

with cognitive performance on the immediate and delayed word-list recall and the 

fluency tests. The numeracy test was a dichotomous variable, therefore logistic 

regression models were conducted to assess its relationship with hunger parameters in 

earlier life. Additionally, we assessed the relationship of hunger periods with change in 

cognitive performance between wave 4 and 5, by assessing the relationship of the 

hunger variables with cognitive performance at wave 5 while controlling for cognitive 

variables at baseline (wave 4). For each outcome in the regression analyses, four models 

were examined: the first entered age of hunger, while adjusting for age, sex and 

education. The second model added the remaining covariates. The third model added 

years of hunger, without age of hunger, while controlling for all the covariates. The 

fourth model included age of hunger, years of hunger and the covariates.  

Since hunger often coincides with additional contextual factors such as stress, 

secondary analyses were performed which added covariates that account for additional 

early-life stressors. These were three items about the occurrences of earlier periods of 

stress, poor health and financial hardship. 

 

3. Results 

Mean age and percentage of women was 76.2±6.4 and 76.2±6.3 years, and 50% 

and 51% for participants without and with history of hunger, respectively. Among those 

exposed to hunger, the mean duration of exposure was 6.2 years. Exposure to hunger 
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at ages 0-4 years was reported by 281 participants, 441 reported hunger at ages 5-11, 

206 reported hunger at 12-18 and 126 reported hunger at ages 19 and above.  

Table 1 shows the characteristics of the study participants in wave 4, by age of 

hunger. It also demonstrates the differences in characteristics between individuals who 

experienced hunger at the different ages and those who did not have a history of hunger. 

The results show that these groups significantly differed from each other in terms of 

age, BMI, number of chronic diseases, depressive symptoms, income, consuming dairy 

products, fish or chicken and legumes, as well as in delayed recall and numeracy test 

scores. Lastly, individuals who reported hunger at the ages of 0-4 years experienced 

hunger for more years, compared to those who experienced hunger at ages 5 and above.  

Table 2 presents regression analyses of the associations of hunger, its age 

periods and duration with later-life cognitive performance. Compared to no experience 

of hunger, experiencing hunger at ages 0-4 years was related to worse performance on 

the immediate and delayed memory tests, as well as on the fluency and numeracy tests, 

even after controlling for potential confounders including age, sex, education, current 

life-style, health status, financial status and nutrition (Model 2). However, after an 

additional adjustment for years of hunger this association remained significant only for 

immediate and delayed recall (Model 4). Hunger in ages 5-11 was significantly 

associated with lower scores in immediate and delayed recall and in fluency after 

controlling for age, sex and education (Model 1) but attenuated and became non-

significant after additional adjustment for current life-style and health variables (Model 

2). Hunger at ages 12-18 had no statistically significant associations with cognitive 

function in the first model for all cognitive outcomes. However, after adjustment for 

current life-style and health parameters, those who experienced hunger at ages 12-18 

years showed better cognitive performance in immediate recall and fluency (Model 2). 
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Additional adjustment for duration of hunger resulted in improved delayed recall 

among those experiencing hunger at ages 12-18 years (Model 4). Lastly, hunger at ages 

19 and above was significantly associated with better numeracy performance after 

controlling for all the study covariates as well as for years of hunger (Model 4).  

Model 3 showed that experiencing more years of hunger was associated with 

worse cognitive function in all four cognitive outcome variables, even after adjusting 

for additional confounders (Model 3). This association remained significant in Model 

4, after the addition of age of hunger to the model, for immediate recall, fluency and 

numeracy. It became marginally significant for delayed recall.  

Table 3 shows the relationships of hunger, its periods and duration with change 

in cognitive function between waves 4 and 5. Hunger at ages 0-4 years was not 

associated with change in cognitive function. Hunger at ages 5-11 years was associated 

with lower rate of decline in delayed recall, after adjustment for all the study’s 

covariates including years of hunger (Model 4). Hunger at ages 12-18 was not 

associated with change in cognitive function. Hunger at ages 19+ years was related to 

a smaller rate of decline in delayed recall performance after adjustment the covariates 

and duration of hunger (Model 4). In addition, hunger at ages 19+ years was associated 

with a greater decline in fluency after adjustment for the covariates (Model 2), yet this 

association attenuated and became non-significant after additional adjustment for 

hunger duration (Model 4).  

Years of experiencing hunger were significantly related to greater decline in 

cognitive function in immediate and delayed recall (Model 3). However, after 

additional adjustment for hunger periods the association with immediate recall became 

non (or marginally) significant (Model 4).  
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We conducted secondary analyses in which periods of stress, poor health and 

financial hardship during childhood were added as covariates. This was done to account 

for the possibility that socially and economically vulnerable people may have been 

more exposed both to hunger and additional adverse conditions. If hunger is related to 

other negative conditions, the measure of childhood hunger could partially capture the 

effect of these conditions on later-life cognition. These additional analyses, presented 

in Supplementary Tables 1 and 2, showed similar results as the main analyses. That is, 

after controlling for additional childhood conditions, hunger at early ages and longer 

periods of hunger were associated with worse cognitive function in later life, and 

hunger during adolescence and at ages 19+ was associated with better cognition.  

 

4. Discussion 

The main finding of our study is that individuals who experienced food 

deprivation in early childhood may have poorer cognitive performance in late-life, 

while those who experienced food deprivation during older adolescence and young 

adulthood may have improved cognitive performance.   

According to prior evidence, individuals exposed to food deficiency during 

childhood face an increased risk for cognitive impairment compared to those who did 

not experience food deprivation [6]. However, the specific ages in which these effects 

are evident are less clear. The current study identified early childhood, particularly at 

ages 0-4 years, as a period in which food deprivation is especially detrimental for future 

cognitive performance [11,22]. Adequate nutrition in the early years of life can be 

crucial for brain development, and nutritional deprivation can result in long-term 

alteration of brain structural and functional development [23]. The fact that early 
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childhood food deprivation was associated with late-life cognition even after 

adjustment for education, current health and life-style factors and current nutrition 

suggests that food deprivation is not merely a marker of better life-style and behavioral 

choices along the life-span, but rather may have an independent association with late-

life cognition. However, we note that these results should be interpreted with some 

caution as there might be additional confounding factors which we did not observe.  

According to our findings, experiencing hunger for longer periods of time 

emerged as a meaningful factor in older age cognition. Thus, it seems that regardless 

of age in which the hunger occurred, having more years of food deprivation was related 

to worse cognitive performance decades later. Interestingly, the effects of hunger 

periods at ages 0-4 years shrank and even became non-significant after the addition of 

length of hunger period to the models. This might indicate that some of the effects of 

early-age hunger stem from the hunger lasting longer at these ages. Indeed, those 

suffering hunger at ages 0-4 years reported longer periods of hunger (nine years 

compared to five years in the other age groups). These findings add to previous studies 

by emphasizing the need to account for the duration of hunger and not only to account 

for the age in which it was experienced.  

An unexpected protective role of food deprivation in older adolescence and 

young-adulthood emerged in the current analysis. Adults who were exposed to hunger 

during ages 12-18 years showed better recall and language functions at older ages, and 

those exposed to hunger at ages 19+ showed better numeracy scores and an 

improvement in delayed recall over two years. However, it is noteworthy that many of 

the previous studies that found a negative effect of early life food deprivation focused 

on earlier ages. One study which similarly found a positive effect of food deprivation 

during childhood inquired about periods of hunger in childhood, without specifying 
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certain ages [10]. Thus, one possible explanation for its findings is that when asked 

about previous experience of hunger, respondents considered hunger at older ages of 

adolescence. Our results might make more sense when considering the literature which 

suggest a positive effect of mild stress on cognition [24,25]. It might be possible that 

hunger periods at relatively later childhood were experienced as less stressful compared 

to hunger in younger ages. Furthermore, these periods were possibly accompanied by 

cognitive arousal, as these teenagers might have had to be resourceful in attaining food 

and to take on more responsibilities within their families.  

In line with our cross-sectional results, our longitudinal analyses indicated that 

longer duration of hunger was related to faster rate of memory decline, as well as some 

evidence of slower cognitive declines when hunger was experienced in older ages. 

However, the associations of hunger with change in late-life cognition were less robust 

compared to the associations with late-life cognitive performance at one point in time. 

Together, these findings may suggest that food deprivation in early life may not only 

be linked with brain aging but may at least partly be explained by poorer intellectual 

capacity in younger ages, which persists into late-life [11,26].    

Consistent evidence shows that dietary restrictions may increase lifespan and 

improve health in a range of organisms [27,28], including through improvement in 

glucose homeostasis [29] which is, in turn, closely associated with cognitive health 

[30]. However, age of dietary restriction onset is a major determinant of health 

consequences, as indicated by findings from nonhuman primates, showing that dietary 

restriction may be beneficial when implemented in adulthood and does not improve 

survival when implemented in juveniles [31]. When dietary restriction occurs during 

the perinatal period, it may contribute to increased susceptibility to late-life disease and 

dysfunction through developmental programming, in which environmental conditions 
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in critical plastic windows in early-life can determine life-course trajectories of health 

and aging [32,33]. The mechanisms underlying developmental programming are not 

fully understood, however emerging findings point to a possible involvement of cell 

senescence [34]. Indeed, senescence of specific cell types including Astrocytes [35] and 

endothelial cells [36] may be implicated in age-related cognitive decline, and therefore 

may explain our observations. Furthermore, early-life food deprivation may have a 

lasting effect on accelerated brain aging through alteration of oxidative stress and 

inflammation levels [37], as well as through life-course accelerated decline in growth 

hormones such as insulin-like growth factor-1 (IGF-1) [38]. Additional research is 

warranted to further elucidate the mechanisms underlying our findings, and to explore 

whether the possible detrimental effect of early life food restriction on cognition can be 

reversed by improving food quantity and quality [39]. 

The strengths of the current study include a longitudinal design with a relatively 

large and diverse sample. The study also has several limitations. Childhood conditions 

were self-reported, thus misclassification within early life experiences of hunger may 

have occurred. Nevertheless, because all responders were free of dementia, it is likely 

that this misclassification is not related to the study’s outcomes. Moreover, self-report 

of childhood living conditions has been shown to be valid [40–42]. Specifically, Havari 

and Mazzonna [40] verified the validity of subjective assessments about hunger 

episodes in SHARE. They showed that participants reported more hunger during 

periods of war and that the hunger episodes were consistent with the macro-economic 

environment at that time.  

Additionally, our findings should be interpreted with caution in light of the 

potential survivor bias. It is possible that those who have reached late life were healthier 

adolescents, and this might account for their better cognitive performance in older ages. 
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However, this interpretation is somewhat less likely since respondents who experienced 

hunger as young children showed worse cognitive function as older adults. Indeed, if 

those who survived were the sturdier children, this strengthens our findings – those who 

suffered from hunger as young children and didn't survive might have performed even 

worse cognitively in older ages, compared to the current sample.  

Another issue worth noting is that the hunger periods were likely accompanied 

by additional adverse conditions other than the food deprivation itself. Indeed, 

substantial lack of food can be accompanied by poverty and stress and in our European 

sample some of the hunger experiences occurred within the context of war [40]. Our 

secondary analyses took into account childhood periods of stress, poor health and 

financial hardships, and therefore strengthen the notion that the current findings reflect 

the effects of hunger. Moreover, this study did not only show the effects of hunger but 

showed differential effects of the ages and length of hunger. Yet, residual confounding 

cannot be ruled out, and future research is needed to delve into the mechanisms 

underlying these associations and differentiate the effects of lack of food itself from 

other contextual factors. 

 

6. Conclusion 

In recent years there is a growing understanding that identifying early-life 

factors that influence cognitive function among the growing elderly population is of 

great importance. Our findings show for the first time, that experiencing more years of 

hunger in childhood is related to poorer cognitive abilities at old age. Furthermore, 

experiencing hunger at ages 0-4 years is particularly detrimental to late-life cognition, 

while hunger in adolescence and early adulthood may contribute to improved cognition.  



16 
 

Acknowledgements 

The SHARE data collection has been funded by the European Commission 

through FP5 (QLK6-CT-2001-00360), FP6 (SHARE-I3: RII-CT-2006-062193, 

COMPARE: CIT5-CT-2005-028857, SHARELIFE: CIT4-CT-2006-028812), FP7 

(SHARE-PREP: GA N°211909, SHARE-LEAP: GA N°227822, SHARE M4: GA 

N°261982) and Horizon 2020 (SHARE-DEV3: GA N°676536, SERISS: GA 

N°654221) and by DG Employment, Social Affairs & Inclusion. Additional funding 

from the German Ministry of Education and Research, the Max Planck Society for the 

Advancement of Science, the U.S. National Institute on Aging (U01_AG09740-13S2, 

P01_AG005842, P01_AG08291, P30_AG12815, R21_AG025169, Y1-AG-4553-01, 

IAG_BSR06-11, OGHA_04-064, HHSN271201300071C) and from various national 

funding sources is gratefully acknowledged(see www.share-project.org). 

 

Conflict of interest 

The authors declare that they have no conflict of interest. 
 
 
 

Author contributions 

Ella Cohn-Schwartz contributed to conceptualization, methodology, formal 

analysis and original draft preparation. Galit Weinstein contributed to 

conceptualization, methodology, draft preparation, reviewing and editing of the 

manuscript. 

 

Research data (data sharing and collaboration) 

Our study is a secondary analysis of existing data from the Survey of Health, 

Ageing and Retirement in Europe (SHARE). Data files and documentation are for 

public use and available at http://www. share-project.org.  



17 
 

References 

 

[1] K.B. Casaletto, F.M. Elahi, A.M. Staffaroni, S. Walters, W.R. Contreras, A. Wolf, D. 
Dubal, B. Miller, K. Yaffe, J.H. Kramer, Cognitive aging is not created equally: 
Differentiating unique cognitive phenotypes in “normal” adults, Neurobiol. Aging. 77 
(2019) 13–19. https://doi.org/10.1016/j.neurobiolaging.2019.01.007. 

[2] A. Cano, Cognitive frailty, a new target for healthy ageing, Maturitas. 82 (2015) 139–
140. https://doi.org/10.1016/j.maturitas.2015.07.026. 

[3] L.J. Whalley, F.D. Dick, G. McNeill, A life-course approach to the aetiology of late-
onset dementias, Lancet Neurol. 5 (2006) 87–96. https://doi.org/10.1016/S1474-
4422(05)70286-6. 

[4] A. Seifan, M. Schelke, Y. Obeng-Aduasare, R. Isaacson, Early life epidemiology of 
Alzheimer’s Disease - A critical review, Neuroepidemiology. 45 (2015) 237–254. 
https://doi.org/10.1159/000439568. 

[5] S.L. Lesuis, L. Hoeijmakers, A. Korosi, S.R. de Rooij, D.F. Swaab, H.W. Kessels, P.J. 
Lucassen, H.J. Krugers, Vulnerability and resilience to Alzheimer’s disease: Early life 
conditions modulate neuropathology and determine cognitive reserve, Alzheimers. 
Res. Ther. 10 (2018) 1–20. https://doi.org/10.1186/s13195-018-0422-7. 

[6] X.J. Wang, W. Xu, J.Q. Li, X.P. Cao, L. Tan, J.T. Yu, Early-life risk factors for dementia 
and cognitive impairment in later life: A systematic review and meta-analysis, J. 
Alzheimer’s Dis. 67 (2019) 221–229. https://doi.org/10.3233/JAD-180856. 

[7] Y. Kang, Y. Zhang, Z. Feng, M. Liu, Y. Li, H. Yang, D. Wang, L. Zheng, D. Lou, D. Cheng, 
C. Chen, Nutritional deficiency in early life facilitates aging-associated cognitive 
decline, Curr. Alzheimer Res. 14 (2017) 841–849. 

[8] H. Xu, Z. Zhang, L. Li, J. Liu, Early life exposure to China’s 1959-61 famine and midlife 
cognition, Int. J. Epidemiol. 47 (2018) 109–120. https://doi.org/10.1093/ije/dyx222. 

[9] C. Wang, Y. An, H. Yu, L. Feng, Q. Liu, Y. Lu, H. Wang, R. Xiao, Association between 
exposure to the chinese famine in different stages of early life and decline in 
cognitive functioning in adulthood, Front. Behav. Neurosci. 10 (2016) 1–8. 
https://doi.org/10.3389/fnbeh.2016.00146. 

[10] L.L. Barnes, R.S. Wilson, S.A. Everson-Rose, M.D. Hayward, D.A. Evans, C.F.M. De 
Leon, Effects of early-life adversity on cognitive decline in older African Americans 
and whites, Neurology. 79 (2012) 2321–2327. 
https://doi.org/10.1212/WNL.0b013e318278b607. 

[11] S.K. Ampaabeng, C.M. Tan, The long-term cognitive consequences of early childhood 
malnutrition: The case of famine in Ghana, J. Health Econ. 32 (2013) 1013–1027. 
https://doi.org/10.1016/j.jhealeco.2013.08.001. 

[12] A. Börsch-Supan, M. Brandt, C. Hunkler, T. Kneip, J. Korbmacher, F. Malter, B. Schaan, 
S. Stuck, S. Zuber, Data resource profile: The Survey of Health, Ageing and Retirement 
in Europe (SHARE), Int. J. Epidemiol. 42 (2013) 992–1001. 
https://doi.org/10.1093/ije/dyt088. 



18 
 

[13] P. Zaninotto, G.D. Batty, M. Allerhand, I.J. Deary, Cognitive function trajectories and 
their determinants in older people: 8 years of follow-up in the English Longitudinal 
Study of Ageing, J. Epidemiol. Community Health. 72 (2018) 685–694. 
https://doi.org/10.1136/jech-2017-210116. 

[14] S.M. Iacus, G. King, G. Porro, Causal Inference without Balance Checking: Coarsened 
Exact Matching, Polit. Anal. 20 (2011) 1–24. https://doi.org/10.1093/pan/mpr013. 

[15] M.R. Schoenberg, K.A. Dawson, K. Duff, D. Patton, J.G. Scott, R.L. Adams, Test 
performance and classification statistics for the Rey Auditory Verbal Learning Test in 
selected clinical samples, Arch. Clin. Neuropsychol. 21 (2006) 693–703. 
https://doi.org/10.1016/j.acn.2006.06.010. 

[16] P. Karzmark, Validity of the serial seven procedure., Int. J. Geriatr. Psychiatry. 15 
(2000) 677–9. http://www.ncbi.nlm.nih.gov/pubmed/10960879 (accessed November 
15, 2015). 

[17] A.B. Scholey, S. Harper, D.O. Kennedy, Cognitive demand and blood glucose, Physiol. 
Behav. 73 (2001) 585–592. https://doi.org/10.1016/S0031-9384(01)00476-0. 

[18] T.N. Tombaugh, J. Kozak, L. Rees, Normative data stratified by age and education for 
two measures of verbal fluency: FAS and animal naming, Arch. Clin. Neuropsychol. 14 
(1999) 167–177. https://doi.org/10.1016/S0887-6177(97)00095-4. 

[19] K. Blom, M.H. Emmelot-Vonk, H.L. Koek, The influence of vascular risk factors on 
cognitive decline in patients with dementia: A systematic review, Maturitas. 76 
(2013) 113–117. https://doi.org/10.1016/j.maturitas.2013.06.011. 

[20] UNESCO, International Standard Classification of Education: ISCED 1997, Paris, 
France, 1997. 

[21] M.J. Prince, F. Reischies, A.T. Beekman, R. Fuhrer, C. Jonker, S.L. Kivela, B.A. Lawlor, 
A. Lobo, H. Magnusson, M. Fichter, H. van Oyen, M. Roelands, I. Skoog, C. Turrina, J.R. 
Copeland, Development of the EURO-D scale--a European Union initiative to compare 
symptoms of depression in 14 European centres, Br. J. Psychiatry. 174 (1999) 330–
338. https://doi.org/10.1192/bjp.174.4.330. 

[22] D.P. Waber, C.P. Bryce, G.M. Fitzmaurice, M.L. Zichlin, J. McGaughy, J.M. Girard, J.R. 
Galler, Neuropsychological outcomes at midlife following moderate to severe 
malnutrition in infancy, Neuropsychology. 28 (2014) 530–540. 
https://doi.org/10.1037/neu0000058. 

[23] K.S. Bedi, Nutritional effects on neuron numbers, Nutr. Neurosci. 6 (2003) 141–152. 
https://doi.org/10.1080/1028415031000098549. 

[24] C.B. Rosnick, B.J. Small, C.L. McEvoy, A.R. Borenstein, J.A. Mortimer, Negative life 
events and cognitive performance in a population of older adults, J. Aging Health. 19 
(2007) 612–629. https://doi.org/10.1177/0898264307300975. 

[25] H.C. Comijs, T.N. van den Kommer, R.W.M. Minnaar, B.W.J.H. Penninx, D.J.H. Deeg, 
Accumulated and differential effects of life events on cognitive decline in older 
persons: Depending on depression, baseline cognition, or ApoE ε4 status?, Journals 
Gerontol. Ser. B Psychol. Sci. Soc. Sci. 66B (2011) i111–i120. 
https://doi.org/10.1093/geronb/gbr019. 



19 
 

[26] D.P. Waber, C.P. Bryce, J.M. Girard, M. Zichlin, G.M. Fitzmaurice, J.R. Galler, Impaired 
IQ and academic skills in adults who experienced moderate to severe infantile 
malnutrition: A 40-year study, Nutr. Neurosci. 17 (2014) 58–64. 
https://doi.org/10.1179/1476830513Y.0000000061. 

[27] R.J. Colman, R.M. Anderson, S.C. Johnson, E.K. Kastman, H.A. Simmons, J.W. Kemnitz, 
R. Weindruch, Caloric restriction delays disease onset and mortality in rhesus 
monkeys, Science (80-. ). 325 (2009) 201–204. 
https://doi.org/10.1126/science.1173635. 

[28] J.A. Mattison, G.S. Roth, T.M. Beasley, E.M. Tilmont, H. April, R.L. Herbert, D.L. Longo, 
D.B. Allison, J.E. Young, D. Barnard, W.F. Ward, W. Qi, D.K. Ingram, R. De, Impact of 
caloric restriction on health and survival in rhesus monkeys from the NIA study, 
Nature. 489 (2012) 318–321. https://doi.org/10.1038/nature11432.Impact. 

[29] S. Matyi, J. Jackson, K. Garrett, S.S. Deepa, A. Unnikrishnan, The effect of different 
levels of dietary restriction on glucose homeostasis and metabolic memory, 
GeroScience. 40 (2018) 139–149. https://doi.org/https://doi.org/10.1007/s11357-
018-0011-5. 

[30] D.J. Lamport, C.L. Lawton, M.W. Mansfield, L. Dye, Impairments in glucose tolerance 
can have a negative impact on cognitive function: A systematic research review, 
Neurosci. Biobehav. Rev. 33 (2009) 394–413. 
https://doi.org/10.1016/j.neubiorev.2008.10.008. 

[31] J.A. Mattison, R.J. Colman, T.M. Beasley, D.B. Allison, J.W. Kemnitz, G.S. Roth, D.K. 
Ingram, R. Weindruch, R. De Cabo, R.M. Anderson, Caloric restriction improves health 
and survival of rhesus monkeys, Nat. Commun. 8 (2017) 14063. 
https://doi.org/10.1038/ncomms14063. 

[32] H.A. De Boo, J.E. Harding, The developmental origins of adult disease (Barker) 
hypothesis, Aust. New Zeal. J. Obstet. Gynaecol. 46 (2006) 4–14. 
https://doi.org/10.1111/j.1479-828X.2006.00506.x. 

[33] J.L. Tarry-adkins, S.E. Ozanne, Nutrition in early life and age-associated diseases, 
Ageing Res. Rev. 39 (2017) 96–105. https://doi.org/10.1016/j.arr.2016.08.003. 

[34] A.B. Salmon, J. Dorigatti, H.F. Huber, C. Li, P.W. Nathanielsz, Maternal nutrient 
restriction in baboon programs later-life cellular growth and respiration of cultured 
skin fibroblasts: A potential model for the study of aging-programming interactions, 
Geroscience. 40 (2018) 269–278. https://doi.org/https://doi.org/10.1007/s11357-
018-0024-0. 

[35] J.J. Lye, E. Latorre, B.P. Lee, S. Bandinelli, J.E. Holley, N.J. Gutowski, L. Ferrucci, L.W. 
Harries, Astrocyte senescence may drive alterations in GFAPα, CDKN2A p14 ARF, and 
TAU3 transcript expression and contribute to cognitive decline, GeroScience. 41 
(2019) 561–573. https://doi.org/https://doi.org/10.1007/s11357-019-00100-3. 

[36] S. Tarantini, A. Yabluchanskiy, T. Csipo, G. Fulop, T. Kiss, Treatment with the poly 
(ADP-ribose) polymerase inhibitor PJ-34 improves cerebromicrovascular endothelial 
function, neurovascular coupling responses and cognitive performance in aged mice , 
supporting the NAD+ depletion hypothesis of neurovascular aging, GeroScience. 41 
(2019) 533–542. https://doi.org/https://doi.org/10.1007/s11357-019-00101-2. 



20 
 

[37] S. Logan, G.H. Royce, D. Owen, J. Farley, M. Ranjo-bishop, W.E. Sonntag, S.S. Deepa, 
Accelerated decline in cognition in a mouse model of increased oxidative stress, 
GeroScience. 41 (2019) 591–607. https://doi.org/https://doi.org/10.1007/s11357-
019-00105-y. 

[38] G. Colon, T. Saccon, A. Schneider, M.B. Cavalcante, D.M. Huffman, D. Berryman, E. 
List, Y. Ikeno, N. Musi, M.M. Masternak, The enigmatic role of growth hormone in 
age-related diseases, cognition, and longevity, GeroScience. 41 (2019) 759–774. 
https://doi.org/https://doi.org/10.1007/s11357-019-00096-w. 

[39] B. Grimmig, C. Hudson, L. Moss, E.J. Weeber, P.C. Bickford, Astaxanthin 
supplementation modulates cognitive function and synaptic plasticity in young and 
aged mice, GeroScience. 41 (2019) 77–87. 
https://doi.org/https://doi.org/10.1007/s11357-019-00051-9. 

[40] E. Havari, F. Mazzonna, Can we trust people’s statements on their childhood 
circumstances?, 2011. 

[41] G.D. Batty, D.A. Lawlor, S. Macintyre, H. Clark, D.A. Leon, Accuracy of adults’ recall of 
childhood social class: Findings from the Aberdeen children of the 1950s study, J. 
Epidemiol. Community Health. 59 (2005) 898–903. 
https://doi.org/10.1136/jech.2004.030932. 

[42] L.R. Berney, D.B. Blane, Collecting retrospective data: Accuracy of recall after 50 years 
judged against historical records, Soc. Sci. Med. 45 (1997) 1519–1525. 
https://doi.org/10.1016/S0277-9536(97)00088-9. 

 

 

  



21 
 

Table 1: Participants characteristics by age of hunger 

 Hunger at 

age 0-4 

(N= 281) 

Hunger 

at age 5-

11 

(N= 441) 

Hunger at 

age 12-18 

(N= 206) 

Hunger 

at age 

19+ 

(N= 126) 

No history 

of hunger 

(N= 1066) 

P-value 

Age (years) 72.2 ±4.8 75.5 ±4.2 81.6 ± 4.6 79.2 ± 

9.6 

76.2 ± 6.4 <0.001 

Males 144 

( %51.25 ) 

229 

( %51.93 ) 

98 

( %47.57 ) 

52 

( %41.27 ) 

533 

(50.00%) 

0.275 

Secondary/high 

education 

124 

( %46.27 ) 

184 

( %43.60 ) 

103 

( %52.82 ) 

61 

( %49.19 ) 

475 

(46.43%) 

0.296 

BMI  27.45 

±4.79 

27.29 ± 

4.56 

25.72 

±4.86 

26.30 

±5.19 

26.55 

 ±4.14 

<0.001 

Currently smoke  31 

( %11.19 ) 

51 

( %11.67 ) 

14 

( %6.93 ) 

15 

( %12.40 ) 

111 

(10.53%) 

0.418 

Number of chronic 

diseases 

1.60 

± 1.31 

1.58 

± 1.34 

1.71  

± 1.27 

1.54 

± 1.30 

1.44  

± 1.24 

0.025 

Depression (yes) 106 

(38.83%) 

147 

( %33.95 ) 

78 

( %39.20 ) 

46 

( %38.02 ) 

260 

(25.00%) 

<0.001 

Frequent physical 

activity1 

106 

± 38.27 

170 

± 38.90 

58 

± 28.71 

38 

± 31.40 

381 

± 36.15 

0.092 

Income (1st tertile) 65 

(23.13%) 

154 

(34.92%) 

65 

(31.55%) 

51 

(40.48%) 

374 

(35.08%) 

0.009 

Income (2nd tertile) 111 

(39.50%) 

142 

(32.20%) 

78 

(37.86%) 

37 

(29.37%) 

340 

(31.89%)  

Income (3rd tertile) 105 

(37.37%) 

145 

(32.88%) 

63 

(30.58%) 

38 

(30.16%) 

352 

(33.02%)  

Servings of fruit or 

vegetables2  

4.74 

± 0.66 

4.66 

±0.71 

4.72 

±0.63 

4.61 

±0.76 

4.73 

±0.64 

0.203 

Servings of dairy 

products2 

4.52 

±0.99 

4.44 

±1.01 

4.59 

±0.83 

4.36 

±1.05 

4.58 

±0.88 

0.025 

Servings of meat, 

fish or chicken2 

3.93 

±0.91 

4.03 

±0.86 

4.00 

±0.97 

4.07 

±1.01 

4.26 

±0.84 

<0.001 

Servings of 

legumes or eggs2 

3.33 

±1.16 

3.33 

±1.16 

3.39 

±1.21 

3.27 

±1.26 

3.17 

±1.23 

0.031 

Immediate 

Recall 

4.38 

±1.83 

4.49 

±1.78 

4.48 

±1.70 

4.52 

±1.87 

4.65 

±1.77 

0.143 

Delayed recall 2.90 

±2.13 

2.99 

±2.05 

3.09 

±1.93 

2.98 

±2.25 

3.29 

±2.06 

0.015 

Fluency 16.71 

±6.85 

16.66 

±6.85 

17.06 

±6.39 

17.12 

±6.84 

17.37 

±6.24 

0.309 

Success in the 

Numeracy test 

117 

(52.94) 

214 

(58.31) 

108 

(62.43) 

73 

(65.77) 

603 

(63.27) 

0.034 

Hunger years 8.97 

±6.35 

5.48 

±3.32 

4.89 

±5.02 

5.03 

±5.08 

- <0.001 

Values are mean±SD or N (%) 
1 Once a week or more 
2 Per week 

  



22 
 
 

Table 2: Association of hunger at different age groups and duration of hunger with cognitive 

function 

  Model 1 Model 2 Model 3 Model 4 

Cognit

ive test 

Age of 

hunger 

(years) 

B±SE P 

value 

B ±SE P 

value 

B ±SE P 

value 

B±SE P 

value 

Immed

iate 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.58±0.12  <0.001 -0.50±0.12 <0.001   -0.31±0.15 0.043 

5-11 -0.20±0.10  0.033 -0.12±0.10 0.194   0.00±0.11 0.997 

12-18 0.14±0.13 0.284 0.28±0.14 0.043   0.38±0.15 0.010 

19+ 0.01±0.16 0.963 0.10±0.16 0.536   0.22±0.17 0.191 

Hunger 

years 

    -0.03±0.01 <0.001 -0.02±0.01 0.049 

Delaye

d 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.74±0.13 <0.001 -0.62±0.13 <0.001   -0.40±0.18 0.023 

5-11 -0.33±0.11 0.003 -0.21±0.11 0.061   -0.07±0.13 0.589 

12-18 0.15±0.15 0.320 0.27±0.16 0.089   0.37±0.17 0.026 

19+ -0.19±0.18 0.288 -0.14±0.18 0.458   -0.00±0.20 0.995 

Hunger 

years  

    -0.04±0.01 <0.001 -0.02±0.01 0.064 

Fluenc

y 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -1.60±0.42 <0.001 -1.20±0.43 0.005   -0.34±0.56 0.545 

5-11 -0.80±0.35 0.021 -0.54±0.35 0.127   0.04±0.42 0.930 

12-18 0.65±0.49 0.183 1.10±0.50 0.028   1.57±0.53 0.003 

19+ 0.19±0.58 0.748 0.53±0.59 0.366   1.08±0.63 0.084 

Hunger 

years  

    -0.10±0.03 0.002 -0.10±0.04 0.014 

Numer

acy 

 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

No hunger 1.00 (ref.) 1.00 (ref.)  1.00 (ref.) 

0-4 0.57 (0.42-0.79) 0.63 (0.45-0.88)  0.83 (0.54-1.30) 

5-11 0.79 (0.61-1.03) 0.88 (0.67-1.15)  1.06 (0.76-1.48) 
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12-18 0.97 (0.68-1.40) 1.07 (0.73-1.57)  1.24 (0.82-1.88) 

19+ 1.21 (0.78-1.85) 1.41 (0.89-2.24)  1.77 (1.07-2.91) 

Hunger 

years  

  0.97 (0.94-0.99) 0.96 (0.93-1.00) 

Model 1: adjusted for age, gender and education 

Model 2+3: model 1 + Body mass index, physical activity, smoking, chronic diseases, depression, income, 

consumption of vegetables, consumption of dairy, consumption of mean and consumption of legumes. 

Model 4: model 2 + hunger years 
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Table 3: Association of hunger at different age groups and duration of hunger with change in 

cognitive function 

  Model 1 Model 2 Model 3 Model 4 

Cogni

tive 

test 

Age 

(years) 

B±SE P 

value 

B ±SE P 

value 

B ±SE P 

value 

B±SE P 

value 

Imme

diate 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.12±0.12 0.329 -0.10±0.12 0.408   0.11±0.17 0.499 

5-11 -0.12±0.10 0.226 -0.09±0.10 0.346   0.05±0.12 0.684 

12-18 -0.09±0.14 0.516 -0.07±0.14 0.652   0.04±0.15 0.813 

19+ -0.17±0.17 0.301 -0.15±0.17 0.388   -0.03±0.18 0.894 

Hunger 

years 

    -0.02±0.01 0.032 -0.03±0.01 0.061 

Delay

ed 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.05±0.14 0.688 -0.07±0.14 0.610   0.037±0.19 0.054 

5-11 0.06±0.11 0.590 0.05±0.11 0.669   0.33±0.14 0.018 

12-18 -0.01±0.16 0.965 0.01±0.17 0.955   0.22±0.18 0.207 

19+ 0.26±0.19 0.165 0.26±0.19 0.197   0.52±0.21 0.015 

Hunger 

years 

    -0.02±0.01 0.027 -0.05±0.02 <0.001 

Fluenc

y 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.06±0.42 0.884 0.12±0.44 0.781   0.56±0.60 0.356 

5-11 -0.19±0.34 0.585 -0.10±0.36 0.779   0.19±0.44 0.676 

12-18 -0.46±0.49 0.346 -0.28±0.52 0.594   -0.08±0.55 0.888 

19+ -1.15±0.60 0.054 -1.23±0.62 0.048   -0.10±0.67 0.141 

Hunger 

years 

    -0.03±0.03 0.334 -0.05±0.05 0.296 

numer

acy 

 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

No hunger 1.00 (ref.) 1.00 (ref.)  1.00 (ref.) 

0-4 0.73 (0.48-1.11) 0.78 (0.51-1.19)  0.78 (0.44-1.38) 

5-11 0.82 (0.59-1.13) 0.80 (0.57-1.11)  0.80 (0.53-1.21) 
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12-18 0.62 (0.39-0.96) 0.67 (0.42-1.07)  0.68 (0.41-1.12) 

19+ 0.92 (0.54-1.59) 0.99 (0.56-1.74)  0.99 (0.54-1.84) 

Hunger 

years 

  0.98 (0.95-1.01) 1.00 (0.95-1.05) 

Model 1: adjusted for age, gender and education 

Model 2+3: model 1 + Body mass index, physical activity, smoking, chronic diseases, depression, income, 

consumption of vegetables, consumption of dairy, consumption of mean and consumption of legumes. 

Model 4: model 2 + hunger years 
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Supplementary Table 1: Association of hunger at different age groups and duration of hunger 

with cognitive function– including covariates of earlier periods of stress, poor health and 

financial hardship 

  Model 1 Model 2 Model 3 Model 4 

Cognit

ive test 

Age of 

hunger\years 

B±SE P 

value 

B ±SE P 

value 

B ±SE P value B±SE P 

value 

Immed

iate 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.58±0.12  <0.001 -0.54±0.12 <0.001   -0.35±0.15 0.022 

5-11 -0.20±0.10  0.033 -0.17±0.10 0.072   -0.05±0.12 0.677 

12-18 0.14±0.13 0.284 0.22±0.14 0.116   0.32±0.15 0.031 

19+ 0.01±0.16 0.963 0.03±0.16 0.842   0.16±0.17 0.361 

Hunger years     -0.03±0.01 <0.001 -0.02±0.01 0.050 

Delaye

d 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.74±0.13 <0.001 -0.65±0.14 <0.001   -0.44±0.18 0.013 

5-11 -0.33±0.11 0.003 -0.28±0.11 0.013   -0.14±0.13 0.296 

12-18 0.15±0.15 0.320 0.19±0.16 0.233   0.30±0.17 0.077 

19+ -0.19±0.18 0.288 -0.23±0.19 0.217   -0.10±0.20 0.641 

Hunger years      -0.04±0.01 <0.001 -0.03±0.01 0.063 

Fluenc

y 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -1.60±0.42 <0.001 -1.35±0.43 0.002   -0.41±0.56 0.465 

5-11 -0.80±0.35 0.021 -0.69±0.36 0.054   -0.05±0.42 0.905 

12-18 0.65±0.49 0.183 0.86±0.50 0.086   1.39±0.54 0.010 

19+ 0.19±0.58 0.748 0.22±0.59 0.712   0.82±0.63 0.192 

Hunger years      -0.12±0.03 <0.001 -0.12±0.04 0.007 

numera

cy 

 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

No hunger 1.00 (ref.) 1.00 (ref.)  1.00 (ref.) 

0-4 0.57 (0.42-0.79) 0.64 (0.45-0.89)  0.84 (0.54-1.31) 

5-11 0.79 (0.61-1.03) 0.85 (0.65-1.12)  1.03 (0.74-1.44) 

12-18 0.97 (0.68-1.40) 1.04 (0.71-1.54)  1.21 (0.80-1.83) 

19+ 1.21 (0.78-1.85) 1.40 (0.88-2.22)  1.75 (1.06-2.89) 

Hunger years    0.96 (0.94-0.99) 0.96 (0.93-1.00) 

Model 1: adjusted for age, gender and education 
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Model 2+3: model 1 + Body mass index, physical activity, smoking, chronic diseases, depression, income, 

consumption of vegetables, consumption of dairy, consumption of mean and consumption of legumes, early 

periods of stress, early periods of poor health, early periods of financial hardship. 

Model 4: model 2 + hunger years 
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Supplementary Table 2: Association of hunger at different age groups and duration of hunger with 

change in cognitive function – including covariates of earlier periods of stress, poor health and 

financial hardship 

  Model 1 Model 2 Model 3 Model 4 

Cognitive 

test 

Age 

(years) 

B±SE P 

value 

B ±SE P 

value 

B ±SE P 

value 

B±SE P 

value 

Immediate 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.12±0.12 0.329 -0.14±0.12 0265   0.09±0.17 0.587 

5-11 -0.12±0.10 0.226 -0.14±0.10 0.156   0.01±0.13 0.909 

12-18 -0.09±0.14 0.516 -0.15±0.15 0.313   -0.03±0.16 0.829 

19+ -0.17±0.17 0.301 -0.22±0.17 0.200   -0.09±0.19 0.648 

Hunger years     -0.03±0.01 0.009 -0.03±0.014 0.048 

Delayed 

recall 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.05±0.14 0.688 -0.12±0.14 0.412   0.36±0.19 0.064 

5-11 0.06±0.11 0.590 -0.01±0.12 0.945   0.30±0.14 0.034 

12-18 -0.01±0.16 0.965 -0.10±0.17 0.555   0.14±0.18 0.445 

19+ 0.26±0.19 0.165 0.15±0.19 0.468   0.43±0.21 0.043 

Hunger years     -0.03±0.01 0.005 -0.06±0.02 <0.001 

Fluency 

No hunger 0.00 (ref.)  0.00 (ref.)    0.00 (ref.)  

0-4 -0.06±0.42 0.884 0.02±0.44 0.956   0.74±0.60 0.216 

5-11 -0.19±0.34 0.585 -0.28±0.36 0.440   0.23±0.45 0.606 

12-18 -0.46±0.49 0.346 -0.56±0.52 0.279   -0.19±0.56 0.733 

19+ -1.15±0.59 0.054 -1.47±0.62 0.019   -1.01±0.67 0.133 

Hunger years     -0.07±0.03 0.053 -0.09±0.05 0.064 

numeracy 

 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

No hunger 1.00 (ref.) 1.00 (ref.)  1.00 (ref.) 

0-4 0.73 (0.48-1.11) 0.77 (0.50-1.18)  0.73 (0.41-1.31) 

5-11 0.82 (0.59-1.13) 0.77 (0.55-1.07)  0.75 (0.49-1.14) 

12-18 0.62 (0.39-0.96) 0.62 (0.38-0.99)  0.60 (0.36-1.01) 

19+ 0.92 (0.54-1.59) 0.93(0.53-1.65)  0.91 (0.49-1.69) 

Hunger years   0.98 (0.94-1.01) 1.01 (0.95-1.06) 

Model 1: adjusted for age, gender and education 



29 
 
 

Model 2+3: model 1 + Body mass index, physical activity, smoking, chronic diseases, depression, income, 

consumption of vegetables, consumption of dairy, consumption of mean and consumption of legumes, early 

periods of stress, early periods of poor health, early periods of financial hardship. 

Model 4: model 2 + hunger years 

 

 


