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Number of genetic and environmental factors as well as 
psychological and behavioral characteristics that slow the process 
ageing are present in the oldest-old persons. Furthermore, 
individuals aged 85 and over provide an opportunity to investigate 
those factors from life-long perspective!

That all makes long-lived persons an excellent model for 
investigating healthy ageing.

4

Oldest-old persons as a model of successful 
ageing



MULTIDISCIPLINARY HOLYISTIC APPROACH

The complex network of factors influencing ageing process point 

to the importance of implementing holistic, integrative –

interdisciplinary and multidisciplinary – approach in ageing 

process research.

The approach of HECUBA project to human longevity research was

multidisciplinary, encompassing the following three aspects:

• HEALTH

• CULTURE

• BIOLOGY



HECUBA project (2018.-2023.)

General aim:

To comprehensively investigate the impact of specific 
biological characteristic, health status, socioeconomic and 
psychologic traits, as well as the impact of personal history 
and cultural factors (attitudes, behaviors, habits) on the 
ageing process dynamics and survival to the very old age.

The HECUBA project is based on data collected in a field study
conducted between 2007. and 2009. 



• conducted by the Institute for Anthropological Research in Zagreb 
within scientific project: «Complex Traits Variations 
and Health in Children, Adults and Centenarians» (PI: prof. dr. sc. Nina 
Smolej Narančić; Ministry of Science, Education, and Sports of the 
Republic of Croatia grant 2007.-2013).

• in collaboration with the Service for Public Health Gerontology of the 
Teaching Institute for Public Health "Dr. Andrija Štampar", Reference 
center of the Ministry of Health of the Republic of Croatia for the 
protection of the health of the elderly (PI: prim. doc. dr. sc. Spomenka
Tomek-Roksandić).

FIELD STUDY (2007.-2009.)



PARTICIPANTS

The participants were recruited from all 13 homes for the elderly of the City 
of Zagreb, Croatia. All residents aged 85 years and older were given 
information about the research procedure and were invited to participate 
voluntarily, with age being the sole inclusion criterion. 

Sample size: 345 oldest-old persons (85+ years olds).

Age range: 85 – 101 years.

87 MEN (25.2%) 
258 WOMEN (74.8%) 
345 TOTAL



Extensive face-to-face interviews were conducted by trained interviewers as part of this field 
study, and blood samples were acquired for genetic analyses. 

• Questionnaire data on: health status (e.g. chronic diseases, medications, vaccinations), 
health-risk behaviors (smoking, alcohol consumption, drinking water, sleeping quantity, 
physical inactivity), functional ability (mobility, independence), activities of daily living, 
social and spiritual activities, education, work history, economic status, family status, 
quality of life, life satisfaction, hobbies, attitudes, etc.

Internationally standardized questionnaires:
Mini Nutritional Assessment (MNA) for nutritional status assessment
Mini Mental State Examination (MMSE) psychometric test for mental status assessment 
(presence of cognitive deficits)

• Biometrical data: anthropometry, ultrasound densitometry of calcaneus, blood pressure 
measurement

• Hematologic and biochemical standard blood and serum tests (fasting glucose, lipid and 
protein status)

• Genetic data (longevity genes, relative telomere lenght, ADME genes)

Collected data



Additionally, the specific contribution of the 
HECUBA project to the data collected in the 

initial study (2007-2009) included:

 Relative telomere length determination

 Genotypization of 45 „longevity genes” loci

 Genotypization of 30 ADME genes loci (ADME = drug 
Absorption, Distribution, Metabolism, and Excretion)



• Cell cycle control
• TP53

• CDKN2B

• telomere maintenance

• TERT

• TERC

• DNA repair mechanisms
• SIRT6

• MRE11A

• Lipid transport and metabolism
• APOE

• LPA

• Insulin signaling pathway
• FOXO3A

• IGF1R, IGF2R

Signaling pathways and cell processes involved in 
ageing process

Human „longevity genes“ - 45 loci



TELOMERES
• Repetitive sequences at the ends of 

the DNA molecule 
• Protective caps preserving the DNA 

molecule from the actions of 
nucleases

• Shortening at each cell division

„Replicative senescence”



B) ADME genes (www.pharmadme.org)
Broj  Gene rs 

Farmako. 

level 
drug 

1.  ABCB1 1045642 2A Digoxin, ondansetron, methotrexate, nevirapine 

2.  ABCB1 1128503 3 Modafinil, sunitinib, imatinib 

3.  ABCB1 2032582 2A Simvastatin, ondansetron 

4.  ABCC2 (CYP2B6) 3745274 1B, 2A Efiravenz, nevirapine, methadone 

5.  ABCG2 2231142 2A Rosuvastatin, allopurinol 

6.  CYP1A1*2C 1048943 3 Capecitabine, docetaxel 

7.  CYP2A6 1801272 2B nicotine 

8.  CYP2B6 8192709 3 Efiravenz, methadone, cyclophosphamide 

9.  CYP2C19 4986893 1A clopidogrel 

10.  CYP2C19*1 3758581 1A Voriconazole, citalopram, sertraline 

11.  CYP2C19*17 12248560 1A Voriconazole, citalopram, amitriptyline, clopidogrel 

12.  CYP2C19*2 4244285 1A Clopidogrel, amitriptyline, sertraline 

13.  CYP2C8*3 10509681 2A rosiglitazone 

14.  CYP2C9*2 1799853 1A Warfarin, phenytoin 

15.  CYP2C9*3 1057910 1A Warfarin, phenytoin 

16.  CYP2D6 (*41) 28371725 1A Tamoxifen, codeine, amitriptyline 

17.  CYP2D6 (*8; *14) 5030865 2A risperidone 

18.  CYP3A4 2242480 3 Methadone, carbamazepine, clopidogrel, tacrolimus 

19.  CYP3A5 776746 1A Tacrolimus 

20.  DPYD 1801265 1A fluorouracil 

21.  GSTP1 1695 2A Cyclophosphamide, epirubicin, platinum compounds, fluorouracil, oxaliplatin, cisplatin 

22.  NAT2*13A 1041983 2A Ethambutol, isoniazid, pyrazinamide, rifampin 

23.  NAT2*6B 1799930 2A Ethambutol, isoniazid, pyrazinamide, rifampin 

24.  SLCO1B1 4149056 1A simvastatin 

25.  SLCO1B3 4149117 3 Carboplatin, paclitaxel, sunitinib 

26.  TPMT*2 1800462 1A Azathioprine, mercaptopurine, purine analogues, thioguanine 

27.  UGT1A1 4148323 2A Irinotecan, SN-38 

28.  UGT2B15 1902023 2B Lorazepam, oxazepam 

29.  VKORC1 9923231 1A warfarin 

30.  CYP2B6 2279343 3 methadone, propofol, mitotane, imatinib, cyclophosphamide, dexorubitin 

 

http://www.pharmadme.org/


Additionally, the specific contribution of the 
HECUBA project to the data collected in the 

initial study (2007-2009) included:

 Collecting control DNA samples of 100 unrelated young 
persons aged 20 to 35 years olds

It is necessary to have a comparative sample to the sample of elderly 
individuals originating from the same population for making even 
preliminary conclusions on selective mortality, i.e. on protective effect of 
selected longevity genes. 

Age range of 20-35 years was chosen in order to align to the 15 years age range present in 
our oldest-old sample (85-100 yrs.) to achieve comparable variability when the participants 
are not of the same age, and cohort effect could be expected.



HECUBA project – two main target variables

10-year period that elapsed from the initial field study provided the prime 
opportunity for detection of two main final outcomes of our participants and 
determination of two new main target phenotypes:

1. Age at death – i.e. now the information on true life-span of each 
participant, and the detection of long-lived subsample (90+; 95+) was 
available;

2. Functional ability (mobility, independence) – i.e. now the longitudinal 
data and the information on their changes from initial study to death 
(for a fraction of participants) was available.

All data collected in 2007.-2009. are considered in respect to the two main 
target phenotypes mentioned above, i.e. longevity and age of preserved 
functional ability.
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HECUBA – Expected impacts

HEALTH

1. To provide some information that could be potentially 
valuable for a wide spectrum of professionals that in every-day 
practice face numerous problems related to care for the elderly 
persons (various issues in fields of gerontology, geriatrics, public 
health), or for public health planning regarding the social and 
health services for elderly population.



Within this project an overview was given of the frequencies of 
risk variants of relevant ADME genes in the oldest-old and in 
general Croatian population (in comparison to European 
average). Such risk variants could cause adverse effects in some 
persons when particular drugs are applied, and this issue is 
especially important in the elderly population considering the 
polypragmasy present in this age group. 

Pharmacogenomics



This indicates that three-quarters of Croatian people have at least one variant allele at these loci. 
Therefore, Croatian population has a higher bleeding and over-anticoagulation risk, which is why we 
recommend the prescription of lower doses of anticoagulation drugs such as warfarin and acenocoumarol. 
Lower phenytoin, and higher bupropion and efavirenz doses are also recommended.

Allele frequencies of clinically relevant 
polymorphisms in drug absorption, 
distribution, metabolism, and excretion 
(ADME) genes are compared between 
Croatian and European average population 
(gnomAD database). The frequencies in 
HECUBA “old” and “young” cohorts were 
merged with the published frequencies for 
the Croatian population by sample size 
weighting.
Variant allele frequencies in the Croatian 
population were higher in three and lower 
in two polymorphisms compared with the 
European population. The most marked 
difference was observed for CYP2B6*4 
(9.3% in Europe vs 24.3% in Croatia). 
The most clinically relevant findings were 
higher variant allele frequencies in two 
polymorphisms related to lower warfarin 
requirements: VKORC1*2 (34.9% in 
Europe vs 40.1% in Croatia) and CYP2C9*2 
(12.3% in Europe vs 14.7% in Croatia).





Two instruments for nutritional status assessment has been used: 
– Mini Nutritional Assessment (MNA) 
– Body mass index (BMI)

Proportion of undernourished persons (85+yrs): 5.1% of women, 1.2% of men
At risk for undernourishment: 45.1% of women, 33.3% of men
Proportion of obese persons (85+yrs): 31.1% of women, 18.3% of men

Satisfactory consumption of all main groups of macronutrients
Satisfactory consumption of liquids (47.2% more than 5 cups per day, 115 less than 3 
cups of liquids per day)

Number of meals per day: 94.4% 3 or more meals, 83% more than three meals. Aside 
from main meals most frequent type of food is fruits (61%).

84% participants have at least one chronic condition (range: 0 – 12). 
The largest proportion of persons (65%) has between 4 and 8 chronic conditions.
The largest proportion of persons (53%) take from 2 to 4 drugs per day.

Nutritional status



Study showed that in the oldest-old institutionalized persons the status of being
undernourished or at risk for undernourishment is associated with a large number of 
chronic diseases and conditions, health risk behaviors, nutrition habits, self-rated health, 
mobility and independence; and therefore is reliable and valuable tool for gerontologic and 
geriatric practice.



Functional ability dynamics

The information that could be of interest for every-day gerontological and 
geriatric practice, and for social care planning would be the data on the 
duration of functional disability (complete dependence on other people’s 
help and care) for the long-lived residents of the homes for elderly persons.

Namely, the longitudinal data on mobility and dependence for oldest-old 
persons (85+) makes it possible to determine the duration of time of 
functional ability for the oldest-old segment among the residents of the
homes for the elderly.

This information is of importance for public health planning for 
gerontology practice (here professional staff of the homes for the elderly), 
but also for public awareness of the particular needs of this age group.



From the time of initial interview, they lived on average 4.4 years (12 years range), and less 
than one year elapsed from the beginning of immobility or dependence until death. 
The survival of the participants is gradually related to their level of mobility and 
independence, with more prolonged survival being characteristic for the oldest-old women. 
However, a lower proportion of men deceases while being completely dependent on other 
people’s care. 

At the starting point, the participants were on average 88.2 years old, and their mean age 
at death was 92.5 years.
The average age at the beginning of immobility or dependence was 91.6 years. 



Variable 
Median survival time (years) 

 

p-value 

EST SE 95% CI  

Mobility  

at the initial 

interview 

permanently immobile 3 2.981 0.00–8.844 

<0.001*** 

permanently limitedly mobile 3 0.650 1.725–4.275 

limitedly mobile 4 0.373 3.269–4.731 

fully mobile 6 0.712 4.604–7.396 

Overall 4 0.240 3.530–4.470 

Independence 

at the initial 

interview 

cannot answer 1   

<0.001*** 

permanently dependent 1 0.295 0.421–1.579 

limitedly independent 3 0.561 1.900–4.100 

fully independent 4 0.302 3.409–4.591 

Overall 4 0.239 3.532–4.468 

Sex 

Men 3 0.353 2.309–3.691 

0.012* Women 4 0.318 3.376–4.624 

Overall 4 0.240 3.530–4.470 

Note: EST = estimate; SE = standard error; 95% CI = 95 percent confidence interval; * = indicates a statistical 

significance level of 5%; *** = indicates a statistical significance level of 0.1%. 

 

Kaplan-Meier test of equality of the survival distributions for different levels of 
mobility and independence, as well as sex

The non-parametric log-rank (Mantel-Cox) test show a significant (p <0.001) difference 
between the Kaplan-Meier curves of the survival function for four functional ability 
categories. The median survival time for the permanently immobile and permanently 
limitedly mobile oldest-old was three years, for limitedly mobile it was four years, while for 
fully mobile oldest-olds is six years. The median survival time for the oldest-old for whom 
the independence level could not be determined (“cannot answer”) and for the 
permanently dependent was one year, for the limitedly independent the median survival 
time was three years, while the fully independent had a median survival time of four years.



Aim 
To explore the relationship between functional ability and survival in the oldest-old (85+) 
institutionalised population.

Methods 
Study included 250 participants from 11 public nursing homes (Croatia). Mobility and 
independence were followed-up during a ten-year period after the initial assessment 
(2007-2009). The relation of functional ability with lifespan was explored by Kaplan-Meier 
survival analysis and Cox proportional hazards regression.

Findings 
Oldest-old nursing home users are on average completely dependent on professional care 
for a very short time period until their death. The levels of mobility and independence, as 
well as gender, are independent significant predictors of the number of surviving years 
for this age segment of nursing home users.

Message 
Maintaining functional ability is an essential prerequisite for human longevity, and at the 
same time the key for the economic unburdening of health and social care systems in 
times of the ageing world population. 



HECUBA – Expected impacts

CULTURE

2. To contribute to the knowledge base on the impact of specific 
socioeconomic, psychological, behavioral characteristics as well 
as life history elements and some cultural factors (attitudes, 
habits, adjustment capabilities) on the ageing process dynamics.



The sole gender difference was higher number of schooling years in men compared to 
women.

Duration of life was significantly associated with larger number of children and with better 
self-rated quality of life.

Multivariate regression analysis detected significant contribution of examined variables (to 
the longevity of oldest-olds (10% for total sample 16.4% for women). The most significant 
predictors were: larger number of children, higher number of years of education.

Further studies are needed (especially longitudinal ones) in order to develop quality of life 
and care service needed for still increasing oldest-olds population segment.

Impact of psychological, social and family 
factor (education, number of children, 
family relations, quality of life, subjective 
assessment of functional ability) on 
longevity of the oldest-old persons.



The HECUBA oldest-olds sample (1906–1928 birth cohort) was divided 
into two groups – ‘war-exposed’ and ‘not-exposed’ – according to their 
direct war experience (First World War, Second World War, Croatian 
Homeland War). 

The study investigates whether a life-long impact of the war experiences 
could be detected in advanced-agers who have successfully overcome 
all life’s challenges. 



The kind of war involvement –
active military service, 
imprisonment in concentration 
camps or prisons, forced migration 
due to war and war-related death 
of close family members – stretched 
through various aspects of the life-
history features, quality of life and 
attitudes. 

And it differed for men and women!



Socio-economic situations strongly differed by 
gender and according to the kind of war 
exposure, amplifying the differences within the 
‘war-exposed’ group in terms of the life-long 
impact of wars on their lives

Based on our results, we could claim that the war experiences were not the same for 
everybody, and that they had lasting consequences on the courses of life of persons who 
directly faced war-related events. 

The results also point to the high resilience capacity as a common feature among persons 
who survived direct exposure to at least two wars and yet survived to exceptionally old 
age.



HECUBA – Expected impacts

BIOLOGY

3. To contribute to contemporary theories of ageing by 
establishing the impact of particular variants of selected 
„longevity genes“ and relative telomere length to targeted 
phenotypes, particularly to longevity (90+ yrs.) and extreme 
longevity (95 yrs.). 



Genetics
Since the relation with longevity for the majority of the so called „longevity genes“ was 
found in model organisms, the confirmation of such impact in HECUBA sample would 
confirm their pleiotropic effect on number of organ systems in humans as well. 



PRS – Polygenic Risk Scores

Or Genetic Risk Score (GRS) is an instrument that combines the information from 
several genetic loci and provide relative risk for specific disease in tested persons 
compared with the average risk within the general population.



The cumulative effect of the investigated SNPs, which have previously been related to human 
longevity, was summarized within Genetic Longevity Score (GLS). After Bonferroni correction 
the "Old" and "Young" Croatian age groups differ only in the allele frequency in MRE11A 
locus (rs533984), while the Roma had significantly different allele frequencies from the 
surrounding majority population in most of the investigated longevity genes loci (in 16 out of 
the 33 SNPs). However, the Roma's GLS is equal to those in the "Young" and "Old" Croatian 
cohorts implying identical chances of surviving to the age of 85 among Roma as to the 
majority Croatian population, when only genetics is taken into account. 

The age pyramid of Roma populations 
tips strongly towards the younger age 
groups and is characterized by a low 
number of elderly individuals. There is 
a vast range of environmental factors 
that influence the age structure of 
Roma populations. To explore 
whether a genetic risk for premature 
mortality also exists in this ethnic 
minority, 33 single nucleotide 
polymorphisms (SNPs) in 23 putative 
longevity genes were investigated in 
308 adult Roma living in Croatia, and 
in Croatian population sample, 
composed of 314 "Old" (85–101 yrs.) 
and 97 "Young" (20–35 yrs.) subjects.





In this study, 43 single nucleotide polymorphisms (SNPs) were chosen from the literature and 
genotyped in a Croatian oldest-old sample (85+ years, sample size (N) = 314), in order to 
determine whether any of these SNPs have a significant effect on reaching the age thresholds 
for longevity (90+ years, N = 212) and extreme longevity (95+ years, N = 84). The best models 
were selected for both survival ages using multivariate logistic regression. In the model for 
reaching age 90, nine SNPs explained 20% of variance for survival to that age, while the 95-
year model included five SNPs accounting for 9.3% of variance. 
The two SNPs that showed the most significant association (p < 0.01) with longevity were 
TERC rs16847897 and GHRHR rs2267723. Unweighted and weighted Genetic Longevity Scores 
(uGLS and wGLS) were calculated and their predictive power was tested. All four scores showed 
significant correlation with age at death (p < 0.01). They also passed the ROC curve test with at 
least 50% predictive ability, but wGLS90 stood out as the most accurate score, with a 69% 
chance of accurately predicting survival to the age of 90.
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Results of the project HECUBA: the starting point for 

possible further studies targeting possible application in 

gerontology and geriatric everyday practice

Is the goal of translation of scientific results into 
practice with this material achievable?



The development of new prognostic instrument for evaluating vitality of the oldest-old 
persons has a potential to become an useful tool in gerontological practice.

It is a new additive score that, after validation, could be used for following-up the overall 
condition of oldest-old (85+ yrs.), particularly in the homes for the elderly.

It contains a number of protective phenotypes – health-related, behavioral, etc. – that 
contribute to survival at old age, and contribute to longevity of a person.

Number of scores has been created within the HECUBA project and the selection of 
variables show to better adjust to survival to age 90+ years when they has been statistically 
selected rathen than determining by some presumptions which ones should be 
incorporated in the score.

Their comparison revealed several very good scores, among which the one containing 20 
variables showed the best predictive power.

1st Topic



Predictive scores: longevity variables

From the extremely large number of original variables, including derived ones, using various 

univariate and multivariate statistical procedures, a smaller set of roughly 50 predictor 

variables has been selected and from several subsets of them the additive scores have been 

created. The dependent variable was always binarized survival age to the age of 90.0+ years.

The quality of those scores were then compared and tested using two methods: ROC curve 

and AIC („Akaike information criterion“) method.

Both methods pointed to the same score („Z_AS20“) that contains 20 variables, and which 

with high precision predicts longevity of a person, i.e. the chance of surviving to the 90 years 

and over.

Less precise, but more economical – perhaps better suited for every-day practice – is a 

smaller score, containing 12 variables (called: („Z_AS12“) which could also be considered for 

potential use.

However, the search should continue, and validation should be performed on another 

sample of the oldest-old persons, and could include variables that was not part of the 

HECUBA dataset.



Additive scores’ comparison by ROC curve
Scores are instruments for biological age estimation and 

prediction of longevity (90+ yrs.) in persons aged 85+ years.

Area Under the Curve

Test Result Variable(s) Area Std. Errora

Asymptotic 
Sig.b

Asymptotic 95% Confidence 
Interval

Lower Bound Upper Bound
L1_AS20 ,795 ,024 ,000 ,747 ,843

L2_AS14 ,755 ,027 ,000 ,703 ,807

S1_AS21 ,816 ,024 ,000 ,769 ,863

S2_AS14 ,775 ,027 ,000 ,723 ,827

B2_AS18 ,794 ,025 ,000 ,744 ,844

C2_AS43 ,822 ,024 ,000 ,776 ,869

Z_AS12 ,775 ,026 ,000 ,725 ,826

Z_AS20 ,831 ,022 ,000 ,788 ,875

Z_AS51 ,833 ,023 ,000 ,788 ,878

Z_AS51_bezEv ,832 ,023 ,000 ,786 ,878

The test result variable(s): L1_AS20, L2_AS14, S1_AS21, S2_AS14, B2_AS18, C2_AS43, Z_AS12, Z_AS20, 

Z_AS51, Z_AS51_bezEv has at least one tie between the positive actual state group and the negative actual 

state group. Statistics may be biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

AUC 
0.5 = no discrimination (i.e., no ability to diagnose patients with 
and without the disease or condition based on the test)
0.7 to 0.8 = acceptable
0.8 to 0.9 = excellent 
> 0.9 = outstanding



20 PARAMETERS LIST (Z_AS20)
1. Gender (women)
2. Age at the time of field study (90+)
3. Mini-mental state examination score (above sex specific median = 23+)
4. Answer to the question: „Do you have suffer from hearing loss?“ = Yes. 
5. Osteopenia (sex specific T-values in range: -2.5 – -1.0 SD; heel bone, SAHARA device).
6. Hypertension in family
7. Self-rated health (sum of two indicators above sex specific median = 6+)
8. Bilirubin in serum (above sex specific median value: Men = 11.0+; Women = 9.0+)
9. Regularly taking supplementary vitamin B complex 
10. Drinking beer (above sex specific median frequency = at least once per week)
11. Regularly taking supplementary magnesium
12. Answer to the question: „Do you suffer from depression (mild or heavy)?“ = No. 
13. Self-reported body weight in young age (below sex specific median value: Men = <75 kg; 

Women = <65 kg)
14. Current body weight (below sex specific 4th quartile value: Men = < 87.3 kg; Women = 

<72.6kg)
15. Number of hospital admissions in the last year (below sex specific median frequency = 0 or 

1)
16. Answer to the question: „Do you have any chronical condition or disease?“ = No.
17. Thrombocyte count in blood (within normal range: 158 – 424 x 10e9/L)
18. Fasting glucose (within normal range: 4.2 – 6.4 mmol/L)
19. Self-rated nutritional status: well nourished
20. Mother's age at death 80+ years



20 PARAMETERS LIST (Z_AS20)
1. Gender (women)
2. Age at the time of field study (90+)
3. Mini-mental state examination score (above sex specific median = 23+)
4. Answer to the question: „Do you have suffer from hearing loss?“ = Yes. 
5. Osteopenia (sex specific T-values in range: -2.5 – -1.0 SD; heel bone, SAHARA device).
6. Hypertension in family
7. Self-rated health (sum of two indicators above sex specific median = 6+)
8. Bilirubin in serum (above sex specific median value: Men = 11.0+; Women = 9.0+)
9. Regularly taking supplementary vitamin B complex 
10. Drinking beer (above sex specific median frequency = at least once per week)
11. Regularly taking supplementary magnesium
12. Answer to the question: „Do you suffer from depression (mild or heavy)?“ = No. 
13. Self-reported body weight in young age (below sex specific median value: Men = <75 

kg; Women = <65 kg)
14. Current body weight (below sex specific 4th quartile value: Men = < 87.3 kg; Women = 

<72.6kg)
15. Number of hospital admissions in the last year (below sex specific median frequency = 

0 or 1)
16. Answer to the question: „Do you have any chronical condition or disease?“ = No.
17. Thrombocyte count in blood (within normal range: 158 – 424 x 10e9/L)
18. Fasting glucose (within normal range: 4.2 – 6.4 mmol/L)
19. Self-rated nutritional status: well nourished
20. Mother's age at death 80+ years



12 PARAMETERS LIST (Z_AS12)
1. Gender (women)
2. Age at the time of field study (90+)
3. Mini-mental state examination score (above sex specific median = 23+)
4. Answer to the question: „Do you have suffer from hearing loss?“ = Yes. 
5. Osteopenia (sex specific T-values in range: -2.5 – -1.0 SD; heel bone, SAHARA device).
6. Hypertension in family
7. Self-rated health (sum of two indicators above sex specific median = 6+)
8. Bilirubin in serum (above sex specific median value: Men = 11.0+; Women = 9.0+)
9. Regularly taking supplementary vitamin B complex 
10. Drinking beer (above sex specific median frequency = at least once per week)
11. Regularly taking supplementary magnesium
12. Answer to the question: „Do you suffer from depression (mild or heavy)?“ = No. 
13. Self-reported body weight in young age (below sex specific median value: Men = <75 

kg; Women = <65 kg)
14. Current body weight (below sex specific 4th quartile value: Men = < 87.3 kg; Women = 

<72.6kg)
15. Number of hospital admissions in the last year (below sex specific median frequency 

= 0 or 1)
16. Answer to the question: „Do you have any chronical condition or disease?“ = No.
17. Thrombocyte count in blood (within normal range: 158 – 424 x 10e9/L)
18. Fasting glucose (within normal range: 4.2 – 6.4 mmol/L)
19. Self-rated nutritional status: well nourished
20. Mother's age at death 80+ years



To suggest the adjustment of referent values of standard clinical hematological 
and biochemical parameters (blood and serum) to oldest-old population (85+ 
years).

Namely, when results of the biochemical and hematological findings are 
considered, it is obvious that almost all oldest-old persons have values that are 
beyond recommended interval. Therefore, it is obvious that this standard 
recommended intervals are not well calibrated for this population since the 
findings are not pointing to situation when medical intervention is necessary.

It is clear that new referent values should be validated on new sample of oldest-
old population. Their health status should be more thoroughly evaluated and 
documented, and such study should be conducted by multidisciplinary team that 
will include physicians of different subspecialty, medical biochemists, as well as a 
range of professionals that care for persons of advanced age in their everyday 
practice.

2nd Topic



Parametar Referentni interval (RI)
% muškaraca 

izvan RI
% žena 
izvan RI

Novi RI
Muškarci Žene

eritro 3,86 – 5,08*10e12/L 35,9 18,9 3,08 - 5,42*10e12/L

hemo
Ž: 118 – 149 g/L
M: 138 – 175 g/L

49,4 22 93 - 158 97 - 154

hema 0,350 – 0,470 27,2 11,4
0,268 - 509 0,301 - 467

0,295 - 0,481
MCV 83,0 – 97,0 fL 16 15,7 81,1 - 103,6 fL
MCH 27,0 – 34,0 pg 4,9 11 /

MCHC 320 – 345 g/L 17,3 28,8
310 – 345 g/L 303 – 345 g/L

305 – 345 g/L
distrerit 9,0 – 15,0 % 22,2 14,8 12,5 - 17,6 %

tromb 158 – 424 *10e9/L 19,8 11,4
111 – 325 *10e9/L 129 – 422 *10e9/L

130 – 403 *10e9/L
MPV 6,8 – 10,4 fL 43,2 46,4 8,9 - 12,4 fL
leuk 3,4 – 9,7 *10e9/L 6,25 4,6 /
neutr 44,0 – 72,0 % 11,3 14,9 42,8 - 78,2 %
limf 20,0 – 46,0 % 32,5 26,2 10,0- 42,9
mono 2,0 – 12,0 % 19,8 10,1 5,0 - 15,2
eozino 0,0 – 7,0 % 5 3,8 /
bazo 0,0 – 1,0% 4 1,7 /

urati
Ž: 134 – 337 µmol/L
M: 182 – 403 µmol/L

18,4 35
189 – 599 µmol/L 161 – 567 µmol/L 

165 – 582 µmol/L
urea 2,8 – 8,3 mmol/L 34,5 31,1 3,8 - 17,2 mmol/L

kreat 63 – 107 µmol/L 48,2 19,6
79 – 298 µmol/L 61 – 178 µmol/L

62,27 - 183,45 µmol/L

bilir 3,0 – 20,0 µmol/L 11,6 5,8
4,2 - 37,3 µmol/L 5,0 – 25,7 µmol/L

5 - 28,5 µmol/L

gluk 4,20 – 6,40 mmol/L 56,3 41,6
3,92 - 15,85 mmol/L 4,12 – 15,3 mmol/L

4,05 – 14,92 mmol/L

kolest <5,0 mmol/L 41,9 73,1
<6,44 mmol/L <7,6 mmol/L

<7,45 mmol/L

HDL
Ž: >1,2 mmol/L
M: >1.0 mmol/L

33,5 25,7 ?

LDL <3 mmol/L 46 66,9
<4,4 mmol/L <5 mmol/L

<4,9 mmol/L



VLDL 0,12 – 0,50 mmol/L 57,5 73,5
0,24 – 1,32 mmol/L 0,27 – 2,00 mmol/L

0,27 – 1,86 mmol/L

triglic <1,7 mmol/L 20,7 36,1
<2,8 mmol/L <3,8 mmol/L

<3,3 mmol/L
IA
ukProt 66 – 81 g/L 19,5 15,6 60 – 83 g/L
album 40 – 48 g/L 52,9 40 33 – 46 g/L
glob 24 – 35 g/L 20,7 25 21 – 45 g/L

zeljezo 8 – 30 µmol/L 16,1 14,7
3 – 34 µmol/L 3 – 25 µmol/L

3 - 27

TIBC
Ž: 49 – 75 µmol/L
M: 49 – 72 µmol/L

39,1 33,1 36 – 72 µmol/L 37 - 71 µmol/L

UIBC 26 – 59 µmol/L 13,8 6,1
19 – 64 µmol/L 25 – 62 µmol/L

23 – 62 µmol/L
homocistein <12 µmol/L 100 96,3 <37
b12 145 – 637 nmol/L 14,3 18,2 /
folati 7 – 39 nmol/L 2,4 5,2 /

Parametar Referentni interval (RI)
% muškaraca 

izvan RI
% žena 
izvan RI

Novi RI
Muškarci Žene



It would be optimal if validation studies are conducted in several centers – preferably 

including international cooperation.

We hope that here presented initiatives for:

– creation of new additive score as practical instrument for assessing vitality and 

follow-up condition of the oldest-old segment of institutionalized population in the 

homes for elderly persons 

and

– new recommended interval of biochemical and hematologic clinical parameters 

adjusted for persons aged 85 and over

will produce some ideas on best strategic approach for shaping  new applied scientific 

projects for developing and testing here presented concepts, and that will possibly 

lead to their practical applications.

Results of the project HECUBA: the starting point for possible 

further studies targeting potential application in gerontology 

and geriatric everyday practice



http://hecuba.inantro.hr/
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RESEARCH TEAM
1) Thematic part: HEALTH
Prim. doc. dr. sc. Spomenka Tomek-Roksandić, MD, PhD, specialist in social medicine, retired, Service for 
Public Health Gerontology of the Teaching Institute for Public Health "Dr. Andrija Štampar", Zagreb 
Prof. dr. sc. Branko Kolarić, MD, PhD, specialist in epidemiology, head of the Teaching Institute for Public 
Health "Dr. Andrija Štampar", Zagreb
Tanja Ćorić, MD, specialist in epidemiology, head of the Service for Public Health Gerontology of the 
Teaching Institute for Public Health "Dr. Andrija Štampar", Zagreb 
Doc. dr. sc. Hrvojka Marija Zeljko, MD, PhD, specialist in internal medicine and subspecialist in 
cardiology, Warrington and Halton Hospitals, UK

2) Thematic part: CULTURE
Prof. dr. sc. Jasminka Despot Lučanin, PhD, psychologist, Faculty of Croatian Studies, University of Zagreb
Prof. dr. sc. Šime Smolić, PhD, macroeconomist, Faculty of Economics and Business, University of Zagreb, 
head of Croatian part of the SHARE project (Survey of Health, Ageing and Retirement in Europe)
Ana Perinić Lewis, PhD, ethnologist and cultural anthropologist, scientific associate at the Institute for 
Anthropological Research in Zagreb

3) Thematic part: BIOLOGY
Prof. dr. sc. Nina Smolej Narančić, PhD, biologist, retired scientific adviser with tenure at the Institute for 
Anthropological Research in Zagreb
Luka Bočkor, PhD, biologist and chemists, scientific associate at the Institute for Anthropological 
Research in Zagreb
Željka Celinšćak, PhD, biologist and chemists, postdoctoral student at the Institute for Anthropological 
Research in Zagreb
Maja Šetinc, molecular biologist, doctoral student at the Institute for Anthropological Research in Zagreb
Prof. dr. sc. Ivica Rubelj, molecular biologist, scientific adviser at Institute Ruđer Bošković

Project PI
Prof. dr. sc. Tatjana Škarić-Jurić, MD PhD, scientific adviser with tenure at the Institute for 
Anthropological Research in Zagreb
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HECUBA

Queen of Troy during the Trojan War
Wife of King Priam of Troy
Daughter of King Dymas of Phrygia (or of king Cisseus of Thracia)
Mother of 19 children, some of which included major characters of 
Homer’s Iliad, such as: 

warriors Hector and Paris 
and prophetess Cassandra

The dramatic circumstances of deaths of her children that died violently 
during the Trojan War, included also deaths of:  

Troilus
Polydorus
Polyxena

And those stories were described in number of art works



HECUBA
And in literature!
Aside of the Homer’s Iliad
Hecuba is the main character 
in two plays by Euripides: 
The Trojan Women and 
Hecuba (describing the 
aftermath of the fall of Troy, 
including Hecuba’s 
enslavement by Odysseus)
Dante described the episode 
of Hecuba seeing the corpses 
of her children Polydorus 
and Polyxena.
Hecuba was the inspiration 
for many others…



HECUBA

Including William Shakespeare whose Hamlet marvels at the skill of an 
actor he has just watched perform the role of Hecuba with convincing 
grief as she witnesses Priam’s death:

„What’s Hecuba to him, or he to Hecuba,
That he should weep for her?”

Hamlet here criticizes himself for grieving his father less authentically 
than the actor does on behalf of the imaginary Hecuba and Priam.



HECUBA

Osim akronima, Hecuba je simbol osoba koja je bila u situaciji oplakivati mnoge, 
a čiju smrt malo tko oplakuje. 

I život malo tko vidi. 

I simbol žene – kojih je sve više što je starija dob osoba koje susrećemo…

Ona je i simbol ljudi kojima je najveći dio osoba koje su im tijekom života bile 
važne, već nestao.

Kao i svijet u kojem su odrasli, zasnovali obitelj, proživjeli svoje najveće uspjehe, 
tuge, razvili se kao ljudi…

Osoba koji svjedoče promjenama društvenih sustava, običaja, navika, kulture…

No, oni su sve to preživjeli. I nose sva ta iskustva sa sobom.

Njihov pun opseg i težinu

Koje transcendiraju preko generacija.



HECUBA

A mi se ovdje možemo pitati:

„Tko je Hecuba nama, 
a tko smo mi Hecubi?”

Jesmo li spremni saslušati?

Učiti?



HVALA NA PAŽNJI !


