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Abstract

Background: During life, all organisms experience multiple stressful events capable of
disrupting their somatic integrity. As mammals, humans respond to environmental, so-
ciocultural, and cognitive stressors via allostasis, a systemic neurophysiological response
that supports physiological homeostasis. Unfortunately, allostatic mechanisms are inca-
pable of countering all stressors, and systemic physiological damage accumulates with age;
thereby contributing to physiological dysregulation and an increasing allostatic load (AL).
Previously, we reported that a ten-factor allostatic load index (ALI) varied significantly by
age, gender, and rural-urban residence in a sample of Polish citizens ages 55+ years but a
five-biomarker frailty index did not. Here we determine whether an estimated ALI covaries
with self-reported food intakes across age, residential setting, and gender. Methods: Two
hundred and ten residents of Greater Poland ages 55-91 years, residing in either the Nekla
commune (N = 103) or the capital of Greater Poland, Poznan (N = 107), participated in
research designed to estimate a study-specific 10-biomarker ALI and its possible associ-
ations with their self-reported dietary choices, age, gender, and residential location. Of
these, 206 completed study protocols including a food frequency questionnaire, verifying
their age, self-reporting their gender, and allowing research personnel to obtain data for
assessing 10 physiological biomarkers of allostatic load for inclusion in a study-specific
ALL Statistical significance for nominal measures was estimated using chi-square analyses;
those for continuous measures, f-tests. Results: In the full sample, self-reported higher
red meat and snack intakes were significantly associated with higher ALI at younger ages
(55-69 years). No food item was significantly associated with estimated ALI at older ages
(70+ years). Further, low self-reported intakes of fish and seafood consumption were
significantly associated with a higher ALI in Poznan, but not Nekla residents. Within
the full sample, average ALI was almost identical between younger and older women.
Conclusions: In this cross-sectional sample of older Nekla and Poznan residents allostatic
load not only varied by age, sex, and residential location, but also with self-reported con-
sumption of red meat, snacks, fish and seafood. Observed differences in biomarkers of
AL between younger and older residents of Poland across this sample suggest possible
higher incidences of chronic disease occur among women residing in Nekla than those in
Poznan. Similarly, the significant associations of red meat and snack consumption with
ALI at younger ages in both settings may portend increasing vascular disease and related
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complications among those ages 55-69 years in this sample as they age. As does the higher
estimated ALI among Poznan residents reporting low fish and seafood consumption.

Keywords: age; allostatic load; diet; Poland; SENECA-method; stress

1. Introduction

To maintain homeostasis, survive, and reproduce, all lifeforms must overcome multi-
ple environmental, e.g., cold, heat, hypoxia, solar radiation, and socioecological stressors,
e.g., food and water shortages, intra- and interspecies conflict, predation. Mammals, in-
cluding humans, do so via an evolved, systemic, somawide neurophysiological stressor
abatement system, allostasis [1,2]. Allostatic systems adjust internal physiological activity,
e.g., blood pressure, oxygen saturation, circulating cortisol, digestion, heartrate in response
to anticipated and experienced stressors. By mitigating stressor-related somatic damage,
allostasis supports survival, somatic integrity, and maintenance of a dynamic, yet relatively
constant, internal physiological state [1-6]. Over their lifespans, humans experience many
minor, major, and cognitive stressors capable of initiating a defensive allostatic response.
Allostatic response can be physiologically costly and cannot halt all stressor-related damage,
nor support somatic systems indefinitely. As we age, our allostatic responsiveness declines,
systemic physiological dysfunction progresses, and somatic wear and tear increases, con-
tributing to increasing physiological dysregulation, an allostatic load (AL), and increased
risks for chronic illnesses [1-12].

One’s exact AL is not directly measurable. However, biomarkers of stressor response
(allostasis) are. As are the multiple systemic losses occurring secondary to stressors and
allostatic responsiveness itself. Thus, most often an individual’s AL is estimated by whether
specific physiological biomarkers related to systemic regulation are dysregulated, e.g.,
above or below either study-specific estimates, commonly the highest or lowest quartile
associated with greatest physiological risk within the sample or based on standard clinical
cut points (see [5-11]). Combining 10 biomarkers of neurophysiological and somatic
variation assessed in the McArthur Studies of Successful Aging, Seeman and colleagues
developed the first allostatic load index (ALI) [11]. It included 10 physiological assessments
associated with human physiological arousal, stress response, morbidity and mortality
risks across multiple samples into a single estimate of physiological dysregulation.

Since Seeman and colleagues’ seminal paper [11], a range of study-specific allostatic
load indices have been explored and reported for multiple populations as research on
allostatic load expanded across health care (see [6-18]), including explorations of how
allostatic load associates with individual and population dietary patterns, self-reported food
intakes, preferred food choices, and diet quality. For example, applying a nine biomarker
ALl to data from the National Health and Nutrition Examination Survey (NHANES,
2015-2018) among those aged 31 years and older, Zhou and colleagues [13] observed a
significant inverse relationship between diet quality and the odds of having an elevated ALI
at higher quintiles of the Healthy Eating Index 2015. Similarly, Zhang and colleagues [14]
reported a significant association between higher intakes of fruits and whole grains and
lower intakes of salt, saturated fats, and sugar, with lower ALI in the NHANES 2015-2018
cohort. Examining compliance with the Dietary Approaches to Stop Hypertension (DASH)
among 1565 participants in the NHANES 2017-2020 cohort, Li and LI [15] observed a
higher DASH score was significantly associated with a lower 11-biomarker ALI, suggesting
a low DASH score increases risk for a higher ALL
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Among older Puerto Rican adults, Mattei and colleagues [16] observed allostatic load
was significantly associated with high self-reported meat, processed meat, and French fry
consumption. Interestingly for the research reported here, in a cross-sectional survey of
Polish adults, Gajda and colleagues [17] observed high-quality healthy diets were more
frequently reported by participants residing in small cities (OR = 2.25), but less so among
those living in larger cities (OR = 1.67) compared to the baseline for residents of more rural
areas. They suggested urban residents may be more informed about healthy eating habits
or have more access to healthy eating programs and foods. Conversely, more rural living
elders may experience lower quality diets secondary to fewer opportunities to purchase
healthy and unprocessed foods. Gajda et al. [17] suggested population characteristics, male
gender, rural residence, and low socioeconomic status contribute to poorer diet quality in
rural settings, while female gender, urban residence, and higher socioeconomic status may
promote better diet quality in more urban settings. Supporting this suggestion, Lipowicz
and colleagues [18] observed that higher education, being married, and residing in an
urban location were significantly associated with less physiological dysregulation. Further,
when unhealthy lifestyle variables were introduced into their model, associations between
indicators of SES and allostatic load remained significant, while smoking and alcohol
consumption showed little association with SES or allostatic load. In general, physical
activity, higher SES, education, and income tend to be significantly associated with less
physiological stress and a lower allostatic load across population settings.

Previously we reported men residing in Nekla, Poland, a rural commune, showed
a significantly higher average ALI than did those in Poznan, Poland, the capital city of
Greater Poland [12]. Among women, ALI was slightly higher although not significantly so
in Nekla women than Poznan women. However, based on multivariate regression, ALI did
not differ significantly by age or residential location. Additionally, estimated allostatic load
did not significantly differ between those aged 55-69 or 70-plus years residing in either
Poznan or Nekla [12].

2. Methods and Materials

During the summer of 2013, we recruited 216 community volunteers residing in either
Nekla or Poznan, Poland to participate in research on their estimated allostatic load index
and their self-reported average monthly intakes of 14 standard food items. Using a cross-
sectional research design, participants were stratified by age, gender, and residential setting
to determine associations of these demographic differences with a 10-item allostatic load
index [12]. In both communities, we recruited healthy ambulatory residents who were able
to participate in research activities at one of our community study sites, in Nekla at the local
Health Clinic and in Poznan at an adult activity center. This sample includes ambulatory
Polish citizens aged 55 years and over residing in either Poznan, capital of Greater Poland
and its largest city, or Nekla, a small rural commune, including the town of Nekla and
several smaller surrounding communities wherein residents participate in a mix of modern
and traditional occupational activities. Although differing in their daily lifeways, residents
of Nekla generally enjoy the same access to modern cultural conveniences, electricity, air
conditioners, automobiles, cellphones, and televisions as those residing in Poznan. Some
Nekla residents also commute regularly to occupations in Poznan, others farm and herd,
or engage in local manufacturing and commercial pursuits, while also retaining multiple
aspects of their ancestors’ livelihoods while enjoying more rural lifeways [12].

Here we explore variation between Nekla and Poznan in biomarkers of allostatic load
and whether differences in their reported food choices and serving sizes between these
two settings are associated with a 10-biomarker ALI To determine differences in types
and quantities of foods regularly consumed by individuals residing in either Poznan or
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Nekla, each participant completed a validated self-report dietary history, Survey Europe on
Nutrition in the Elderly: A Concerted Action, SENECA-method [19,20]. Responses to the
food frequency questionnaire were coded following the Eurocode Food Coding System [21]
which includes 13 predefined food types. Associations of individual self-reported food
intake portions with the study-specific 10-biomarker ALI were then examined by residential
setting (urban Poznan—rural Nekla), age group (ages 55-69 years and 70+ years), and
gender. We hypothesized that in a self-selected cross-sectional sample of 216 Polish citizens
ages 55 years and older, a 10-biomarker allostatic load index would covary significantly with
their self-reported intakes of specific foods identified in the Eurocode Food Coding System.

Inclusion criteria were being ages 55 years or older, residing in one of the two commu-
nities selected for research, and being sufficiently healthy and ambulatory to participate
in research protocols at their appointed research site. Overall, 216 individuals agreed to
participate in study protocols, 126 female and 90 male, among these 110 were aged 55-69
and 106 were aged >70 years old (Table 1). Of those assessed, 6 are not included in data
analyses due to missing data on one or more biomarkers included in estimating an ALL
Thus, the analytic sample includes 210 individuals (Table 1).

Table 1. Age, sex, and residential distribution of all assessed participants.

Age Sex Poznan Nekla Mean SD
Women 37 29 68.2 (6.8)

50-69 years
Men 18 26 69.1 (8.5)
Women 35 25 70.5 (6.3)

70+ years

Men 21 25 70.7 (7.1)
Totals 111 105 69.8 (7.9)

All person-centered research activities: anthropometry, phlebotomy, blood pressure
physical assessments, diet and activity questionnaires were completed within the local
communities, in Nekla at the Nekla Cultural and Medical Centre Clinic, and in Poznan
at the Centre for Geriatrics and Gerontology. All laboratory analyses were completed in
the Department of Human Nutrition and Hygiene, Poznan University following interna-
tional laboratory standards under the direction of Jan Jeszka [12]. Study protocols were
conducted following guidelines of the Helsinki Declaration, and all participants provided
informed consent prior to participating in any research protocols. All research procedures
involving human participants were preapproved by the University of Poznan Research
Ethics Committee (Number 425/13).

2.1. Research Locations

Poznan was chosen for an urban research location as it is the fifth largest city in Poland
by population, the capital of Wielkopolski (Greater Poland), the site of Poznan University,
and a major historic region wherein the modern Polish state arose. Modern Poznan includes
an area of 261.91 km? making it the seventh largest city by area in Poland, with a population
of about 550,742 persons, and a population density of about 2100 persons/km?. In Poznan
our research was conducted in collaboration with the Centre for Geriatrics and Gerontology.
Nekla commune, situated 35 km east of Poznan, was chosen as a less urban research
setting, it encompasses only 19.8 km? including the town of Nekla wherein our research
occurred and several smaller outlying communities (see [12]). During this research the
estimated population of the Nekla commune was 7191 individuals with about 3599 living
in the town of Nekla and 3592 residing in smaller villages and outlying farms. Population
density within the Nekla commune was about 75 persons/ km?: in Nekla itself, about
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182 person/km?, and in outlying villages and regions 47 person/km?. About 64% of all
land within the Nekla commune is agricultural with 34% forested. The Nekla region has a
long history of habitation, being the site of the 10-11th century medieval archeological site
Giecz. We gratefully acknowledge and thank all 216 volunteers from Poznan and Nekla
who participated in this research.

2.2. Materials and Methods

Following a socioecological model, our purpose was to determine if participants” ALI
varied significantly by their gender, socioecological setting, age, self-reported food choices
and quantities consumed per day, among those residing in a relatively rural and a more
urban setting. To do so, we estimated a 10-biomarker ALI (Table 2) among healthy and
mobile residents ages 55 and older residing in Poznan and Nekla. To obtain an appropriate
sample for comparison, we recruited participants by posting recruitment flyers at the Nekla
Health Clinic and the Centre for Geriatrics and Gerontology. In both settings, we also
recruited participants through personal contacts.

Table 2. Means, standard deviations, ranges, and high-risk quartile bound for biomarkers of allo-
static load.

Biomarker Mean SD Range Quartile
Waist-hip ratio 0.889 0.08 0.66-0.108 0.94
Percent HbAlc 6.22 0.75 0.80-10.6 6.4
Dehydroepiandrosterone sulfate, 125.4 318 15.8-499 66.2
mg/dL
Systolic blood pressure, mmHg 138.8 18.6 97-192 151
Diastolic blood pressure, mmHg 78.4 12.9 7-123 86
HDL cholesterol mg/dL 29.3 23.2 11.1-348 46
Total cholesterol/HDL cholesterol 3.9 0.1 2.1-9.0 4.5
Urinary cortisol, nmol/g creatinine 84.9 59.1 11.4-321 111
Urinary norepinephrine, mg/g 355 151 9.6-104 442
creatinine
Urinary epinephrine, mg/g creatinine 6.0 6.2 0.0-35.7 9.3

Note: For HDL and DHEA-s the highest risk occurs in the lowest quartiles, all others in the highest quartile. IBM
SPSS Statistics 22 was used for all statistical analyses.

During our first meeting with possible participants, we informed them of the study
details, likely time commitment, and significance of the project. Those agreeing to partic-
ipate were advised of the location for their assessments. Either the Nekla Health Clinic
or the Centre for Geriatrics and Gerontology, Poznan, provided study details, including
their approximate participation time, and were invited to sign an informed consent form,
which all did. We then provided all participants with printed and verbal information on
why we were conducting this research, along with possible benefits and risks to them
and their communities. We requested each to fast for eight hours prior to arriving at their
assigned research site and advised all that breakfast would be provided following their
blood sampling. We also requested each to complete an overnight urine collection the
evening prior to their participation and bring it to their assigned research site the following
morning. Of these, three provided inadequate collections and three were inappropriate for
proper sampling during laboratory analyses; these six were not included in the final dataset
resulting in a total sample of 210 study participants. Prior to their exam day, detailed
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instructions and a container for urine collection were provided to each participant. They
also were provided with phone numbers to contact our research team members [12].

Research protocols included self-reports of health, social and physical activities using
a questionnaire provided in either Polish or English; provision of a container for their
overnight urine collection; drawing of a 10 mL fasting blood sample; and assessments of
walking speed over 50 feet and grip strength using a dynamometer (see [12]). Walking
speed over 50 feet and hand grip strength provide direct assessments of mobility and
strength at all ages, particularly among elders, and often are included in health surveys
and estimates of frailty [12,22]. After having fasted overnight, participants were invited
to arrive between 6 and 8 am at their local testing center. Upon arrival each was greeted
by a research team member who collected and measured their overnight urine volume
before aliquoting a sample for later laboratory analyses. Next, a phlebotomist obtained
a 10 mL fasting blood sample and placed it in a refrigerator until it was transported to
Poznan University Laboratory Diagnostyka. Following participants’ phlebotomy, they
and any accompanying persons, were invited to break their overnight fast at a breakfast
buffet including coffee, tea, juices, pastries, boiled eggs, vegetables, fruit, and local food
items. After sitting during breakfast, participants relaxed and talked among themselves
before proceeding to complete additional assessments, anthropometry, a dynamometer, a
health assessment, and a survey of food types consumed regularly and their frequencies
of consumption per day (see [12,19-22]). Engagement between participants and research
personnel averaged about three hours.

To complete research aims, we assessed nine components of physiological functionality
and one marker of body morphology to estimate a ten-biomarker ALI These included
diastolic blood pressure (DBP), systolic blood pressure (SBP), low-density (LDL) and
high-density lipoprotein (HDL) cholesterol, total cholesterol (T-Chol) and low-density
lipoprotein (LDL), used to calculate a T-Chol/LDL ratio, serum dehydroepiandrosterone-
sulfate (DHEA-S), glycated hemoglobin (HbAlc) and overnight urinary cortisol levels
(CCLs), adrenaline (AD) and urinary noradrenaline (NAD) levels, and waist to hip ratio
(WHR) (Table 2). For all biomarkers, except HDL and DHEA, for which risk was defined
as the lowest quartile, the highest quartile of the sample distribution was used to define
high risk.

Systolic and diastolic blood pressures were measured three times over 5 min. The
average of the final two measurements is included in data analysis. Biochemical analyses
of blood and urine were completed at the Department of Human Nutrition and Hygiene,
Laboratory “Diagnostyka”, Poznan University of Life Sciences under the guidance of
Professor Jan Jeszka [12]. All person-centered protocols were completed in the Nekla
Community Centre or at the Geriatric Center Poznan.

Using these data and the following methods originally proposed by Seeman and
colleagues [11], we estimated a study-specific 10-biomarker ALI Allostatic load indices
based on these and similar biomarkers and analytic techniques continue to be widely
applied across epidemiology, eldercare, public health, medicine, human biology, biological
anthropology, NHANES, and previous research on Polish samples [12,17,18]. Means,
standard deviations, ranges, and quartile cut-points for the 10 biomarkers used to estimate
our study-specific ALI are included in Table 2. We did not estimate any additional possible
formulations, such as clinically based cut-points or z-scores, to estimate additional study-
specific ALIs in this analysis. Across this sample, the average ALI was 2.50 with a standard
deviation of 1.62 and a range of 0.00-8.00.
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2.3. Food Intake

Next, we explored associations between the study-specific estimated ALI and self-
reported daily intakes of 14 major food groups estimated as number of cups consumed
per week. As part of our research protocols during their assessments and interviews,
participants completed a food frequency questionnaire (FFQ) administered by a certified
dietitian. The FFQ was derived from a diet history questionnaire validated during the
SENECA study (Survey Europe on Nutrition in the Elderly: A Concerted Action) [19].
We applied the Eurocode 2 Food Coding System to determine individual food portions
consumed [20]. The FFQ includes 128 individual food items. Frequency of intake for
each food item included options ranging from ‘once a month or less’ to “4-5 times a
day’. Participants also self-reported whether they consumed one of three different portion
sizes (small, medium, large) for each item ingested. For analyses, we transformed food
frequencies into times per day (Table 3) and multiplied them by the standard portion
sizes reported [20] to estimate individual food intakes as servings consumed per day. The
category ‘once a month or less” was discounted in these analyses as it was seldom used
by participants. This allowed us to express consumption as servings per day for all food
categories in equal units: number of eight-ounce cups consumed per day, including partial
cups in units of 2.5, 1.0, 0.7 and so forth (Table 3). To determine possible relationships
between self-reported food intakes and estimated ALL all foods were grouped following
the Eurocode 2 Food Coding System [20]. The SENECA system predefines food intake
into 14 categories: milk and milk products, eggs, fish and sea food, pulses and nuts, grains,
sugar and sweets, snacks, plant fat, animal fat, red meat, poultry, vegetables, fruits, and
alcoholic beverages.

Table 3. Transformation of frequency of consumption into homogenous units based on cups con-
sumed per day.

Food Frequency Times per Day
4-5 times/day 4.5
2-3 times/day 2.5
1 time/day 1.0
4-6 times/week 0.7
2-3 times/week 0.35
1 time/week 0.14
2-3 times/month 0.09

3. Results
3.1. Gender, Age, Location

Across this sample, at both ages 55-69 and 70+ years female and male residents
of Nekla and Poznan differed significantly from one another across a majority of the
10 biomarkers combined to estimate an ALI (Table 4). For example, Nekla women ages
55-69 years showed significantly higher urinary cortisol, systolic and diastolic blood
pressures than their age-matched Poznan peers, while the latter showed lower waist-hip
ratio, DHEAs, and urinary norepinephrine, differing in six of 10 biomarkers (Table 4).
Those aged 70+ years exhibited significantly higher systolic and diastolic blood pressures
than those in Poznan, along with a higher percent HbAlc, as did younger Nekla women
(Table 4). Conversely, older women in Poznan also showed significantly higher DHEAs,
urinary norepinephrine, and epinephrine than Nekla women (Table 4).
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Table 4. Urban-rural differences in biomarkers of allostatic load among women by age and location.

Women: Ages 55-69 years

Nekla Poznan
Mean SEM N Mean SEM N p
Waist-hip ratio 0.82 0.0 29 0.90 0.0 37

Percent HbAlc 6.1 0.1 27 6.0 0.1 36 ns
DHEA sulfate, mg/dL 1012  11.2 28 1189 9.1 35 s
Systolic bp, mmHg 142 2.8 29 1324 26 34 s
Diastolic bp, mmHg 83 1.8 29 74.2 1.8 34 S
HDL cholesterol mg/dL 58.8 2.2 25 59.7 1.9 35 ns
Total/HDL cholesterol 3.6 0.1 28 3.7 0.1 36 ns
Urinary cortisol, nmol/g c 90.6 8.4 29 759 103 36 s

Urinary norepinephrine, mg/gc  0.06 0.1 28 013 0.02 30 s

Urinary epinephrine, mg/g ¢ 33.3 22 28  34.6 1.8 37 ns

Women: Ages 70+ years

Nekla Poznan
Mean SEM N Mean SEM N p
Waist-hip ratio 0.85 0.0 23 0.8 0.0 35 ns
Percent HbAlc 6.2 0.1 23 5.9 0.1 35 s
DHEA sulfate, mg/dL 819 94 23 856 82 34 s
Systolic bp, mmHg 149 3.6 22 135 2.5 34 s
Diastolic bp, mmHg 83 2.9 22 76 1.7 33 s
HDL cholesterol mg/dL 56.8 1.7 25 584 20 33 ns
Total/HDL cholesterol 3.6 0.2 25 3.7 0.2 34 ns
Urinary cortisol, nmol/g c 826 116 25 784 128 35 ns

Urinary norepinephrine, mg/gc  0.04 0.1 25 0.11 0.02 31 S
Urinary epinephrine, mg/g ¢ 37.9 4.0 24 45.3 3.2 35 S

Analyses: Normally distributed via t-tests; nonnormal via Mann-Whitney U tests. p = 0.05 or less considered
statistically significant (s), other values nonsignificant (ns).

Among Nekla men ages 55-69 years, average diastolic blood pressure, total cholesterol
to high-density lipoprotein ratio, and overnight urinary cortisol levels exceeded those
among their Poznan contemporaries. Both systolic and diastolic blood pressures were
also higher among older Nekla men, reflecting results observed among Nekla women,
while urinary noradrenaline was significantly higher among urban men (Table 5). Poznan
men also showed a slightly higher waist-hip ratio than Nekla (Table 5). Overall, across
rural/urban settings, men showed fewer significant differences in physiological variation
than women (Tables 4 and 5).
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Table 5. Urban—rural differences in physiological biomarkers of allostatic load by age: men.

Men: Ages 55—69 years

Nekla Poznan
Mean SEM N Mean SEM N p
Waist-hip ratio 0.94 0.0 26 0.98 0.0 18

Percent HbAlc 6.1 0.1 23 6.2 0.1 16 ns
DHEA sulfate, mg/dL 189 15.8 25 165 225 17 ns
Systolic bp, mmHg 141 3.5 23 135 2.7 18 ns
Diastolic bp, mmHg 82 2.1 24 74 1.8 18 S
HDL cholesterol mg/dL 46.3 1.8 26 49.1 3.2 18 ns
Total/HDL cholesterol 4.5 0.2 24 3.7 0.2 16 S
Urinary cortisol, nmol/g c 85.5 9.8 26 533 9.8 17 s

Urinary norepinephrine, mg/gc  0.09  0.02 25 0.09 0.03 16 ns

Urinary epinephrine, mg/g ¢ 33.6 29 26 271 3.2 17 ns

Men: Ages 70+ years

Nekla Poznan

Mean SEM N Mean SEM N p
Waist-hip ratio 0.95 0.0 25 0.93 0.0 21 ns
Percent HbAlc 6.2 0.1 24 6.0 0.1 19 ns
DHEA sulfate, mg/dL 1183 114 24 977 97 20 ns
Systolic bp, mmHg 153 2.8 24 134 3.1 21 s
Diastolic bp, mmHg 80.0 2.4 25 75 2.2 21 s
HDL cholesterol mg/dL 50.9 2.4 25 479 20 21 ns
Total/HDL cholesterol 3.8 0.2 25 3.6 0.2 21 ns

Urinary cortisol, nmol/g c 1112 168 23 807 104 21 ns
Urinary norepinephrine, mg/gc  0.03 0.1 24 0.09 0.02 19 S
Urinary epinephrine, mg/g ¢ 31.1 2.2 23 33.8 2.7 21 ns

Analyses: Normal distributed via t-tests; nonnormal via Mann-Whitney U tests. p = 0.05 or less considered
statistically significant (s), other values nonsignificant (ns).

3.2. Allostatic Load Index (ALI)

Women ages 55-69 years residing in Nekla commune (ALI 2.2) and Poznan (ALI 2.1)
showed the lowest and almost identical ALIs (Table 6). Among men, at ages 55-69 years
those in Nekla showed the highest ALI (3.43) of any group sampled, including same age
Poznan men (2.67). At ages 70+ years, women and men in Nekla did not differ in their
average ALIs (2.88). Conversely, at ages 70+ years men and women from Poznan did differ
in estimated ALI, although not significantly so. Among the total Nekla sample, men (3.16)
and women (2.30) differed significantly in assessed ALI, while men and women in Poznan
did not show significant differences in their average ALI (Table 6).
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Table 6. Estimated allostatic load index by age, location, and gender N = 210.
Nekla Poznan
Age Women Men Women Men
2.20 343 2.10 2.67
569 28 1608 2 @741 ® 626 P (1935
2.88 2.88 2.30 2.71
0+ 2 0541 P 435 ¥ qrzs0 P (035
2.30 3.16 2.20 2.69
Total 53 1954 0 732 7V as26 3 (232

3.3. Food Intake and Allostatic Load

Among the fourteen food types included in SENECA, within the full sample a higher
self-reported average number of servings of red meat (N = 197, r = 0.21, p = 0.003) or
snacks (N =201, r = 0.22, p = 0.001) consumed per day, was significantly associated with
higher estimated allostatic load (sample sizes for food intakes differ across food groups as
not all participants self-reported food intakes across all categories) (Table 7). In Poznan,
allostatic load was significantly higher among those reporting greater consumptions of
snacks (N =100, r = 0.31, p = 0.001) and red meat (N = 104, r = 0.19, p = 0.05). Conversely,
more frequent consumption of fish/sea food was associated with a lower ALI (N = 102,
r=—-022, p = 0.03). In Nekla, variable intakes of specific foods were not significantly
associated with ALI, although eating more red meat showed a borderline association with
ALI (N =93,r=0.19, p = 0.06). Among participants aged 55-69 years, higher consumption
of snacks (N = 103, r = 0.29, p < 0.01) and red meat (N = 98, r = 0.24, p = 0.02) was
significantly associated with higher estimated ALI (Table 7). Among those aged 70+ years
no significant associations between intakes of specific foods and the ALI were observed
(Table 7). However, both red meat (N =101, r = 0.19, p = 0.06) and poultry (N =99, r = 0.19,
p = 0.06) consumption did show borderline significant associations with ALI (Table 7).

Table 7. Spearman correlation coefficient between food group consumption frequency and ALIL

Food Group Total Urban Rural 55-69 Years >70 Years
N* r p N* r p N* r p N* r p N * r p

Mi;l;;\gj;r;ilk 195 -010 018 97 —012 024 98 —0.03 080 99 —-005 062 9 —015 0.14
Eggs 201 010 015 103 014 017 98 008 042 101 008 044 100 0.13 020
Fish and sea food 200 —-0.10 0.18 102 —-022 003 98 001 08 99 —-015 014 101 —0.04 0.66
Red meat 197 021 0.003 104 019 005 93 019 006 98 024 002 99 019 0.06
Poultry 199 —-0.02 083 102 019 060 97 0.07 052 98 016 012 101 —-0.19 0.06
Grains 200 000 099 100 005 064 100 —-0.09 036 99 009 040 101 —0.04 0.66
Pulses and nuts 199 0.00 098 98 0.02 08 101 -0.03 076 100 -—-0.07 050 99 0.07 0.50
Vegetables 201 007 035 101 012 023 100 003 078 101 014 0.17 100 0.00 098
Fruits 197 —-003 072 98 —009 039 99 006 059 99 —010 031 98 0.05 061
Plant fat 198 0.00 098 100 011 027 98 —0.08 042 97 —0.08 041 101 0.08 0.45
Animal fat 200 003 065 98 002 087 102 001 095 99 002 088 101 0.06 0.58
Snacks 201 022 0.001 100 031 0.001 98 013 020 103 029 0001 98 015 0.15
Sugar and sweets 198 —-0.08 027 98 0.02 083 100 -—-0.07 051 100 -0.14 017 98 —0.01 0.92
Alcoholic beverages 201 010 014 102 009 038 99 006 059 99 019 0.06 102 0.03 0.76

* Extreme outliers were excluded from analyses.
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To further investigate associations of specific food intakes with allostatic load, we
estimated the odds of a participant having an ALI > 3 given their self-reported food intake
patterns. Those who reported not eating plant fat (OR 2.98, p = 0.03), or fish and seafood
(OR 3.38, p = 0.02), but eating more than one snack serving per day (OR 2.04, p = 0.02),
showed higher probabilities of having an allostatic load > 3. Conversely, those reporting
greater than 0.3 servings of fish and seafood per day (OR 0.07, p = <0.001) or less than
0.5 servings/day of red meat (OR 0.28, p = 0.002) showed lower probabilities of attaining
an AL > 3.

4. Discussion

To explore variability in physiological aspects of health among older residents of
Greater Poland residing in varying socioecological settings, we recruited 210 adult partici-
pants ranging from 55 to 91 years of age. Of these, 107 resided in Poznan, the capital of
Greater Poland, and 103 in Nekla, a rural commune about 35 km southwest of Poznan.
Following standard methods for estimating allostatic load indices published across multiple
venues [4-18], we assessed and combined 10 physiological biomarkers of health (Table 4)
into a study-specific allostatic load index. We then compared estimated ALIs across age
groups, younger (55-69) and older (ages 70-91), by gender, and between residential loca-
tions, Poznan and Nekla. Although multiple physiological biomarkers of allostasis differed
significantly across residential settings and gender suggesting variable stressor experiences
between them (Tables 4 and 5), estimated ALIs differed little by gender, residential settings,
and age group (Table 6).

4.1. Age, Residence, and Gender Differences in Physiological Biomarkers

At ages 55-69 years, women residing in Nekla showed significantly higher urinary
cortisol, systolic and diastolic blood pressure, but lower waist-hip ratio, DHEAs, and
urinary norepinephrine compared to their age-matched Poznan peers (Table 4). Those
aged 70+ years residing in Nekla expressed significantly higher systolic and diastolic blood
pressures than their Poznan counterparts, along with a significantly higher percent HbAlc
(Table 4), as did younger women. Conversely, women of 70+ years in Poznan showed
higher DHEAs, urinary norepinephrine, and epinephrine, possibly reflecting differences in
local stressor exposures associated with urban settings.

Among younger but not older participants, waist-hip ratio, and urinary cortisol
differed significantly between groups, while among older participants but not younger
participants glycated hemoglobin and urinary epinephrine differed significantly (Table 4).
Both systolic and diastolic blood pressure were significantly higher among younger than
older women residing in Nekla than those in Poznan suggesting differing lifestyles may
influence disease risks, health, and survival (Table 4). Younger Nekla women also showed
lower average waist-hip ratio, DHEAS, and norepinephrine levels than age-matched
Poznan women (Table 4). Although observations of higher systolic and diastolic blood
pressures, and cortisol are cross-sectional, they do suggest possible higher risks for chronic
conditions among Nekla women in both age groups as they age.

Between Poznan and Nekla, men showed fewer significant differences in their physio-
logical assessments than women (Tables 4 and 5). At ages 55-69, Poznan men exhibited a
significantly higher average waist-hip ratio than Nekla men, who showed higher average
diastolic blood pressure, total to HDL cholesterol ratio, and urinary cortisol (Table 5). While
older men differed in only three biomarkers of allostatic load, with Nekla men having
higher systolic and diastolic blood pressures, while Poznan men showed higher urinary
norepinephrine (Table 5). Results of this cross-sectional research among Nekla men suggest
possible greater risks for cardiovascular chronic conditions among men from Nekla than
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from Poznan, as did results among women. Older men also differed in several biomarkers
of allostatic load between settings, but fewer than women. Those in Nekla showed higher
systolic and diastolic blood pressures than Poznan men, while Poznan men exhibited higher
urinary norepinephrine (Table 5), as did younger men. As observed among women, these
results suggest men living in Nekla may experience higher risks for chronic conditions than
those in Poznan.

4.2. Allostatic Load, Age, Sex, and Residence

Within this sample estimated allostatic load differed little by age, sex, or residence.
Only between all Nekla men and women were significant differences in estimated ALI ob-
served (Table 6). In the full samples of Nekla men and women, men showed a significantly
higher estimated ALI (3.16) compared to women (2.30). At ages 5569 years, younger Nekla
men also showed a higher ALI (3.43) than women (2.22). At ages 55-69 years, women
residing in both Nekla (ALI 2.2) and Poznan (ALI 2.1) showed the lowest and almost
identical ALIs (Table 6), while men in both showed the highest. At ages 70+, women and
men in Nekla shared the same estimated ALI (2.88), although the range among women
exceeded that of men.

4.3. Self-Reported Food Choices and Allostatic Load

Research protocols included requesting all participants to complete a self-report food
frequency questionnaire (FFQ). These allowed us to explore associations of their food
choices with their estimated ALI by age, gender, and rural-urban location. Higher self-
reported consumption of red meat and snacks were observed to associate significantly with
ALI among younger, but not older participants. Among older residents of Poznan, but
not Nekla, greater self-reported snack and lower fish and seafood consumption both were
significantly associated with a higher observed ALI Overall, most food groups examined
were not significantly associated with the ALL

At ages 55-69 years, intake frequencies of specific food groups were significantly
associated with ALI in both the total and Poznan samples, but not among Nekla residents.
Specifically, more frequent consumption of red meat and snacks, along with low intakes
of fish and seafood correlated significantly with higher ALI in Poznan. Conversely, in
the full sample higher intakes of fish, other seafood, and plant fats were associated with
a lower ALI These results reflect those of Kynde et al. [20] who observed declines in
physical performance in association with higher intakes of carbohydrates and Mattei
and colleagues [16] who reported that higher intakes of red meat, processed meat, and
French fries were significantly associated with a higher allostatic load index among older
Puerto Ricans. They also reflect results from Choi et al. [22] who reported a significant
association between greater consumption of fish and a lower allostatic load index in a
national sample of older Americans. Results reported here for a sample of older adults
residing in Poland align with these previous studies suggesting a broad association of
specific dietary components with allostatic load.

5. Conclusions

In this sample of Polish residents of Nekla and Poznan, Poland, aged 55-91 years,
allostatic load was influenced significantly by age, residential location, and self-reported
consumption of red meat, snacks, fish and seafood. However, neither area of residence
(urban/rural), nor being older (70+ years) or younger (ages 55-69) were significantly asso-
ciated with a 10-biomarker ALI among elders residing in Poland’s Wielkopolski Region
(Table 6). However, being male and residing in Nekla was significantly associated with
a higher ALI than Nekla women and the highest ALI observed in any subsample. In-

https://doi.org/10.3390/nu18132095


https://doi.org/10.3390/nu18132095

Nutrients 2026, 18, 2095

13 of 14

take frequencies of specific foods also were significantly associated with ALI in both the
total sample and urban subgroup aged 55-69 years. Specifically, more frequent consump-
tion of red meat and snacks, along with low intakes of fish and seafood were associated
with a higher ALIL, while higher intakes of fish and other sea food, along with greater
intakes of plant fats were associated with a lower ALI, as with multiple previous allostatic
load samples.

6. Limitations

During summer 2013 we recruited 210 volunteer research participants aged 65 years
old residing either in urban Poznan or more rural Nekla, Poland. The goal for this research
was to explore associations of a study-specific 10-biomarker allostatic load index with indi-
vidual dietary choices, age, gender, and residential settings. The data and results reported
here represent a one-time cross-sectional survey among these two communities. Thus,
only correlational, not causal associations, may be inferred from these data. Additionally,
it is possible that volunteers recruited for this research do not represent the full range of
older residents in the participating communities, nor their health status or allostatic load.
Finally, the methods for determining individual intakes of specific food groups often are
confounded by recall bias and social desirability issues, which may influence the data
reported here.

Author Contributions: D.E.C. participated in study design, proposal development, directed field-
work, revised preliminary draft and final drafts; ].J. participated in study design, proposal develop-
ment, and data analysis, directed fieldwork and laboratory analyses, and wrote preliminary draft
(deceased); T.K. participated in data analyses, editing final draft; Y.S. participated in study design,
proposal development, directing fieldwork, editing final draft. All authors have read and agreed to
the published version of the manuscript.

Funding: Japan Society for the Promotion of Science. KAKENHI Grant Number JP22247038, PI
Yoshiaki Sone.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. All research procedures involving human participants approved by the Research Ethics
Committee Poznan University of Life Sciences (Number 425/13; approve date: 13 June 2013) prior to
participating in any research protocols.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data included in this manuscript are available from the corresponding
author upon reasonable request.

Acknowledgments: The authors thank the residents of Nekla and Poznan, Poland, who participated
in the research activities described here. We wish them the best and hope they are pleased to read
our report. Research reported herein represents a collaborative project among the Department of
Interdisciplinary Studies for Advanced Aged Society, Osaka City University, Japan (Yoshiaki Sone);
Departments of Anthropology and Public Health, The Ohio State University, USA (Douglas E. Crews);
Department of Human Nutrition and Hygiene, Poznan University of Life Sciences, Poland (Jan
Jeszka), and the National Institute of Health and Nutrition, Japan (Tatsuya Koyama). We thank
Jan Jeska for his efforts on this research, statistical analyses, and drafting a preliminary version of
this manuscript. We also acknowledge the contributions of and support by graduate students and
dieticians from Poznan University who contributed their expertise and time to both fieldwork and
laboratory activities.

Conflicts of Interest: The authors declare no conflicts of interest.

https://doi.org/10.3390/nu18132095


https://doi.org/10.3390/nu18132095

Nutrients 2026, 18, 2095 14 of 14

References

1. McEwen, D,; Stellar, E. Stress and the individual. Mechanisms leading to disease. Arch. Intern. Med. 1993, 153, 2093-2101.
[CrossRef] [PubMed]

2. Nelson, D.R. Adaptation and resilience: Responding to a changing climate. Wiley Interdiscip. Rev. Clim. Change 2011, 2, 113-120.
[CrossRef]

3.  Sterling, P.; Eyer, J. Allostasis: A new paradigm to explain arousal pathology. In Handbook of Life Stress, Cognition and Health;
Fisher, S., Reason, J., Eds.; John Wiley & Sons: New York, NY, USA, 1988; pp. 629-649.

4. Sterling, P. What Is Health? Allostasis and the Evolution of Human Design; MIT Press: Cambridge, MA, USA, 2020.

5. McEwen, B.S. Allostasis and allostatic load: Implications for neuropsychopharmacology. Neuropsychopharmacology 2020, 22,
108-124.

6.  Guidi, J.; Lucente, M.; Sonino, N.; Fava, G.A. Allostatic Load and Its Impact on Health: A Systematic Review. Psychother.
Psychosom. 2021, 90, 11-27. [PubMed]

7. Beckie, T.M. A systematic review of allostatic load, health, and health disparities. Biol. Res. Nurs. 2012, 14, 311-346. [CrossRef]
[PubMed]

8. Mauss, D.; Li, J.; Schmidt, B.; Angerer, P.; Jarczok, M.N. Measuring allostatic load in the workforce: A systematic review. Ind.
Health 2014, 53, 5-20. [PubMed]

9.  McEwen, B.S. Biomarkers for assessing population and individual health and disease related to stress and adaptation. Metabolism
2015, 64, S2-S10. [CrossRef] [PubMed]

10. Edes, A.N.; Crews, D.E. Allostatic load and biological anthropology. Am. J. Phys. Anthropol. 2017, 162, 44-70. [CrossRef] [PubMed]

11.  Seeman, T.E.; Singer, B.H.; Rowe, ] W.; Horwitz, R.I.; McEwen, B.S. Price of adaptation—Allostatic load and its health conse-
quences. Arch. Intern. Med. 1997, 157, 2259-2268. [CrossRef] [PubMed]

12.  Jeszka, J.; Hummel, D.; WoZniewicz, M.; Morinaka, T.; Sone, Y.; Crews, D.E. Among elderly Poles, allostatic load and frailty do
not covary significantly among older residents of Greater Poland. ]. Physiol. Anthropol. 2024, 43, 12. [CrossRef] [PubMed]

13. Pedersen, A.N.; Fagt, S.; Ovesen, L.; Schroll, M. Quality control including validation in dietary surveys of elderly subjects. The
validation of a dietary history method (the SENECA-method) used in the 1914-population study in Glostrup of Danish men and
women aged 80 years. J. Nutr. Health Aging 2001, 5, 208-216. [PubMed]

14. Kohlmeier, L. Eurocode 2 Food Coding System. The Eurocode 2 food coding system. Eur. J. Clin. Nutr. 1992, 46, S25-S34.
[PubMed]

15. Ware, ].E.J. SF-36 health survey update. Spine 2000, 25, 3130-3139. [CrossRef] [PubMed]

16. Ware, J.E.].; Sherbourne, C. The MOS 36-Item Short-Form Health Survey (SF-36): I. Conceptual framework and item selection.
Med. Care 1992, 30, 473-483. [PubMed]

17.  Kusano, Y.; Crews, D.E.; Iwamoto, A.; Sone, Y.; Aoyagi, K.; Maeda, T.; Leahy, R. Allostatic load differs by sex and diet, but not age
in older Japanese from the Goto Islands. Ann. Hum. Biol. 2016, 43, 34-41. [PubMed]

18. Lipowicz, A.; Szklarska, A.; Mitas, A.W. Biological costs of economic transition: Stress levels during the transition from
communism to capitalism in Poland. Econ. Hum. Biol. 2016, 21, 90-99. [CrossRef] [PubMed]

19. Lipowicz, A.; Szklarska, A.; Malina, R.M. Allostatic load and socioeconomic status in adult Polish men. J. Biosoc. Sci. 2014, 46,
155-167. [PubMed]

20. Kynde, L; Bjernsbol, K.S.; Tetens, I.; Heitmann, B.L. Dietary carbohydrates and change in physical performance of elderly
Europeans: Survey in Europe on Nutrition and the Elderly, a Concerted Action (SENECA) 1993 and 1999. Public Health Nutr.
2009, 13, 1186-1190. [CrossRef] [PubMed]

21. Mattei, J.; Noel, S.E.; Tucker, K.L. A meat, processed meat, and French fries dietary pattern is associated with high allostatic load
in Puerto Rican older adults. . Am. Diet. Assoc. 2011, 111, 1498-1506. [CrossRef] [PubMed]

22.  Choi, YJ.; Ailshire, J.A.; Kim, ].K.,; Crimmins, E.M. Diet quality and biological risk in a national sample of older Americans. J.

Aging Health 2022, 34, 539-549. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/nu18132095


https://doi.org/10.1001/archinte.153.18.2093
https://www.ncbi.nlm.nih.gov/pubmed/8379800
https://doi.org/10.1002/wcc.133
https://www.ncbi.nlm.nih.gov/pubmed/32799204
https://doi.org/10.1177/1099800412455688
https://www.ncbi.nlm.nih.gov/pubmed/23007870
https://www.ncbi.nlm.nih.gov/pubmed/25224337
https://doi.org/10.1016/j.metabol.2014.10.029
https://www.ncbi.nlm.nih.gov/pubmed/25496803
https://doi.org/10.1002/ajpa.23146
https://www.ncbi.nlm.nih.gov/pubmed/28105719
https://doi.org/10.1001/archinte.1997.00440400111013
https://www.ncbi.nlm.nih.gov/pubmed/9343003
https://doi.org/10.1186/s40101-024-00359-2
https://www.ncbi.nlm.nih.gov/pubmed/38643177
https://www.ncbi.nlm.nih.gov/pubmed/11753480
https://www.ncbi.nlm.nih.gov/pubmed/1486871
https://doi.org/10.1097/00007632-200012150-00008
https://www.ncbi.nlm.nih.gov/pubmed/11124729
https://www.ncbi.nlm.nih.gov/pubmed/1593914
https://www.ncbi.nlm.nih.gov/pubmed/26148058
https://doi.org/10.1016/j.ehb.2015.12.005
https://www.ncbi.nlm.nih.gov/pubmed/26799229
https://www.ncbi.nlm.nih.gov/pubmed/23806750
https://doi.org/10.1017/s1368980009991601
https://www.ncbi.nlm.nih.gov/pubmed/19807934
https://doi.org/10.1016/j.jada.2011.07.006
https://www.ncbi.nlm.nih.gov/pubmed/21963016
https://www.ncbi.nlm.nih.gov/pubmed/34779298
https://doi.org/10.3390/nu18132095

	Introduction 
	Methods and Materials 
	Research Locations 
	Materials and Methods 
	Food Intake 

	Results 
	Gender, Age, Location 
	Allostatic Load Index (ALI) 
	Food Intake and Allostatic Load 

	Discussion 
	Age, Residence, and Gender Differences in Physiological Biomarkers 
	Allostatic Load, Age, Sex, and Residence 
	Self-Reported Food Choices and Allostatic Load 

	Conclusions 
	Limitations 
	References

