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Background & objectives: Allostatic load (AL) is a cumulative measure of physiological deregulation and 
is influenced by multiple factors including nutrition. The objectives of the study were to assess AL among 
adolescent boys (15-19 yr) and delineate its association with psychological stress and micronutrient 
status.
Methods: A cross-sectional, school-based study was conducted among 370 adolescent boys of five 
higher secondary schools from Hyderabad, India. Perceived stress, adolescent life event stress (ALES), 
psychological morbidity and coping were measured. Biomarkers of AL included dehydroepiandrosterone 
sulphate, 12-h urinary cortisol, interleukin-6, C-reactive protein, lipid profile, body mass index and blood 
pressure. Micronutrient status with respect to iron (haemoglobin, ferritin, hepcidin, soluble transferrin 
receptor), folate, vitamins B12, C and A were analyzed in a sub-sample of 146 boys. AL score ≥3 was 
calculated from eight biomarkers. 
Results: Fourteen per cent participants had no AL but 34.3 per cent had AL score of ≥ 3. Unadjusted 
means of ALES scores were significantly different (P = 0.045) among participants with low [mean, 95% 
confidence interval (CI): 580, 531-629] and high (663, 605-721) AL. After controlling for confounders, 
the means were significantly different for controllable life event sub-scale of ALES (P = 0.048). Adjusted 
hepcidin concentrations were significantly higher among participants with high AL (means, 95% CI, 
27.2, 24.0-30.8 for high AL; 22.1, 20.2-24.2 µg/l for low AL, P = 0.014).
Interpretation & conclusions: Build-up of AL was found in adolescent boys and was positively associated 
with life event stress. Iron nutrition and stress exhibited a positive association through hepcidin. The 
study provides a link between iron nutrition, physiological deregulation and stress.
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Allostatic load (AL) is defined as the cumulative 
wear and tear on physiologic processes due to recurrent 
or chronic stress and uses multiple biomarkers to 
quantify this physiological deregulation. AL has 

proved to be beneficial in quantifying the overall 
stress accumulation, well before the actual clinical 
manifestations set in1. Conceptually, psychological 
stress is an important dimension of AL. There are a 
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few studies looking for a relationship between stress 
and AL2. However, the measurements are largely 
done among elderly population3. Exploring AL among 
adolescent population is an emerging area since 
puberty is marked by an increase in the susceptibility 
to various psychological disorders, such as anxiety and 
depression4-6. The developmental plasticity associated 
with certain areas of the brain during adolescence 
provides more chances of resilience7 and is therefore, 
of focus. In India, the biopsychological model of stress 
and AL has not been tested and is of interest due to the 
increasing reports on stress among adolescents8,9.

Lifestyle factors including nutrition could 
influence AL. Healthy eating index has shown a 
negative association with AL among US adolescents4. 
Multiple micronutrient deficiencies are a significant 
problem in India and have not been addressed so far 
in relation to AL10. The effects could be bi-directional, 
with specific deficiency of micronutrients leading to 
more AL accumulation or AL leading to exacerbation 
of deficiency. Therefore, an understanding on whether 
the accumulation of physiological wear and tear starts 
early and has a relationship with stress is warranted. 
If an association with micronutrient status exists, an 
effective strategy can be delineated to combat AL 
and/or micronutrient deficiency.

The present study was aimed to understand 
whether there was build-up of AL among adolescent 
boys (15-19 yr), and if so, was it associated with 
psychological stress and/or micronutrient status.

Material & Methods

The study was carried out in Greater Hyderabad 
Municipal Corporation, Telangana erstwhile Andhra 
Pradesh, India, wherein all (n = 5) government boys’ 
schools9 were covered. Since the study intended 
to detect early changes in adolescents, boys were 
selected for the study due to reports of men being more 
susceptible to AL11. The study protocol was approved 
by the Institutional Ethics Committee in 2007, and 
was carried out in the academic year 2009-2010 
with approval from the Directorate of Intermediate 
Education, Hyderabad. The detailed study design and 
methodology can be found elsewhere9,12.

Study design, sample size and recruitment: For stress 
variables, a sample size of 353 was fixed assuming a 
40 per cent prevalence of stress from pilot studies9,12. 
To test the mean difference in stress across categorical 
scores of AL, a difference of 5 units for Perceived Stress 
Scale-14 (PSS-14) with standard deviation of 5 and 100 

units for adolescent life event stress (ALES) with SD 
of 1689 was assumed and the sample size required per 
group was 44. The above sample size was adequate to 
detect a delta in the range of 0.5-0.75 SD unit for all 
micronutrients on the categorical scores of AL.

To minimize the influence of acute stress associated 
with school examinations, the study was carried out 
during a period of no terminal examinations. Written 
consent was obtained from the participants and their 
parents. Apparently healthy students were included in 
the study. Exclusion criteria were diagnosed hormonal 
abnormalities, congenital anomalies, chronic illnesses, 
current medication or intake of multivitamin or mineral 
supplements for the past one year. Enrollment was 
carried out using random selection from each school12.

Study variables

Standard of living index (SLI): SLI, which is a proxy 
for economic status, was calculated using 17 household 
assets, and a weighted scoring pattern was used13.

Anthropometric measurements: Anthropometry was 
done as per the standard methodology described 
previously12,14.

Blood pressure: The blood pressure was measured using 
a mercury sphygmomanometer (Omron, Bengaluru, 
India). The participants were seated for 15 min before 
measuring BP. The procedure was repeated three times 
at an interval of five minutes while resting in a seated 
position15.

Stress variables: The variables studied were ALES, 
perceived stress, psychological distress and coping 
using pre-tested, culturally appropriate scales12. The 
ALES scale16 has 40 items and measures the stress due 
to life events experienced by the participants in the past 
year scored on a dichotomous scale of ‘yes’ or ‘no’. 
The reported internal consistencies for controllable and 
uncontrollable events were more than 0.816. PSS-14 is 
a 14-item scale which measures the degree to which 
situations in one’s life are appraised as stressful during 
the past month17. The participants were required to 
choose from a scale of five alternatives on a 0-4 scale. 
The seven positive items were reverse scored and 
added up to the seven negative items to get the total 
score. Coefficient alpha reliability for PSS-14 was 
0.84 among college student population. Greater scores 
indicated higher perceived stress. General Health 
Questionnaire-12 (GHQ-12) has 12 items and is a 
measure of psychological morbidity experienced during 
the past week. For scoring, a 0-3 Likert scale followed 
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by bimodal scoring (0-0-1-1) was used. A score of 3 
was used as the cut-off for psychological morbidity18.

Methods of coping were assessed using coping 
strategies scale (50 items). The test consisted of 
five sub-scales combined into two major constructs 
of approach and avoidance coping. The split-half 
reliability reported in the scale was 0.78 for approach 
and 0.69 for avoidance and the test-retest reliability 
was 0.9219.

Collection of blood and urine: Blood sample collection, 
transportation and processing were carried out as have 
been described previously and were done within one 
day of administration of behavioural stress measures12. 
Twelve hour urine samples were collected using 
2 l leak-free wide mouth bottles, pre-coated with 100 
mg/l thiomersal (Sisco research laboratories Pvt. Ltd., 
Hyderabad). The samples were transported, measured, 
filtered using glass wool, aliquoted and stored at −20°C 
until analysis.

Allostatic load measures

Primary mediators: Dehydroepiandrosterone sulphate 
(DHEAS) was determined in plasma and cortisol in 
urine using RIA kit (Immunotech, Beckman Coulter, 
Marseille Cedex 9, France). The analytical sensitivity 
of DHEAS was 6 µg/100 ml. Twelve hour urinary 
cortisol was expressed as µg/g creatinine. Interleukin-6 
(IL-6) assay was done using sandwich enzyme 
immunoassay (R&D Systems Inc., MN, USA), with 
a minimum detectable dose of 0.70 pg/ml and assay 
range of 3.12-300 pg/ml. The OD for samples below the 
lowest standard concentrations was extrapolated using 
4-PL logistic curve fit (Sigma plot version 11.0) till 
the minimum detectable dose of 0.7 pg/ml. C-reactive 
protein (CRP) was assayed using human CRP assay kit 
(Alpha Diagnostic International, USA). Assay range 
was 5-100 ng/ml. The minimum detectable dose was 
0.35 ng/ml. For response below the assay sensitivity, a 
value of 0.3 ng/ml was assigned.

Secondary mediators: Total cholesterol and high-density 
lipoprotein (HDL) cholesterol were measured in the 
plasma using a commercial kit as per the manufacturer’s 
instructions (Biosystems, Barcelona, Spain).

Biomarkers of micronutrient status: Haemoglobin was 
analyzed in the blood samples by cyanmethemoglobin 
method (Hemocor-D, Coral Systems, Goa) and plasma 
ascorbic acid by α,α-bipyridyl micro method20 on the 
day of blood collection. A sandwich ELISA was used to 
measure serum ferritin concentrations21. Folic acid and 

vitamin B12 (Siemens Medical Solutions Diagnostics, 
USA), soluble transferrin receptor (R&D Systems 
Inc., USA) and hepcidin (DRG International Inc., 
GmbH, Germany) were estimated using commercial 
kits as per the manufacturers’ instructions. Plasma 
retinol was estimated22 by high-performance liquid 
chromatography (Thermo Finnigan, Herts, UK). 
The laboratory carrying out these analyses is being 
continuously validated for ferritin and retinol (VITAL-
EQA program, Centers for Disease Control, Atlanta, 
USA).

Computation of AL: For each of the biomarkers of AL, 
the high risk threshold was determined empirically on 
the basis of the distribution of that biomarker in the 
sample23. Top quartile was considered as risk, except 
for HDL cholesterol and DHEAS for which below 25th 
percentile corresponded to risk. Each participant was 
assigned one point for a biomarker reading beyond 
the threshold value. AL was measured by summing 
the number of parameters, for which the participant 
showed biomarkers in the risk quartile. A maximum 
score of eight was possible for AL.

Cortisol was not included in the algorithm since 
only 107 participants provided urine sample. However, 
the AL model was tested with and without cortisol and 
was found to have an intra-class correlation coefficient 
of 0.884, P < 0.001 signifying agreement between the 
two models.

Statistical analysis: The analysis was carried out using 
SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). 
Normal distribution of the variables was tested using 
Kolmogorov–Smirnov test. Log transformation was 
done for variables which were not normally distributed. 
The final sample included 370 boys for behavioural 
measures and 146 for analyzing the biomarkers of AL 
and micronutrient status. One participant with CRP >10 
mg/l was excluded from the sub-sample, and therefore, 
data for 145 were analyzed for AL and micronutrient 
status. The ALES and PSS-14 scores were treated as 
continuous variable for analysis, bivariate correlations 
were tested and median split was used for descriptive 
statistics. The inadequacy of micronutrients was 
defined as described previously12.

The relationship between stress variables and AL 
was tested using independent student t test, followed 
by ANCOVA, if the results were significant. The 
covariates considered for the relationship between 
ALES and AL were participant’s age, coping variables, 
SLI, GHQ-12 and PSS-14.
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Results

The mean age of the participants was 16.7 yr [95% 
confidence interval (CI), 16.5-16.9]. Forty two per cent 
of families had SLI below median. About three-fourth 
reported GHQ above the cut-off and one-fourth of 
participants showed low coping behaviour; around 25 
per cent of participants fell in the topmost quartile in 
individual biomarkers of AL, with an overall AL median 
of 2.02 (interquartile range, IQR 1.34, Table I). Fourteen 
per cent of participants had no AL and 34.3 per cent had 
an AL score of 3 and above (Figure). With the inclusion 
of cortisol, the proportion showing AL was 41 per cent.

SLI showed a negative correlation with ALES 
(r = -0.318, P < 0.001) and a positive correlation with 
avoidance coping (r = 0.238, P = 0.004). There was 
a negative trend between AL and SLI (r = -0.140, 
P = 0.096).

Based on the data, the AL scores were categorized 
as normal = 0-2 and risk = 3-6 and tested for their 
association with stress variables. ALES showed 
a significant association with AL, P = 0.045 
(Table II) after controlling for age, perceived stress, 
psychological morbidity and approach coping 
strategies, F(1,135) = 4.15, P = 0.043. The relationship 
did not persist [adjusted mean, 95% CI, 586, 542-631 
for low AL and 650, 590-712 for high AL, F(1,134) = 
2.748, P = 0.100] after controlling for economic status. 
Among the sub-scales of ALES, controllable life 
events were significantly higher in participants with 
AL and persisted after controlling for all confounders 
including SLI [adjusted mean, 95% CI, 174, 160-189 
for low AL and 202, 182-223 for high AL, F(1,134) = 
4.645, P = 0.048].

After controlling for confounders, there was a 
significant association between AL scores and hepcidin 
concentrations [adjusted means, 95% CI, 22.1, 
20.2-24.2 µg/l for low AL, 27.2, 24.0-30.8 µg/l for high 
AL, F(1,138) = 6.491, P = 0.014, Table III]. In addition, 
there existed a positive correlation between primary 
mediators and hepcidin (r = 0.197, P = 0.018) but not 
with secondary mediators (r = -0.049, P = 0.55).

Discussion

The study explored the build-up of AL among 
adolescent boys using AL index representing 
hypothalamus-pituitary-adrenal (HPA) axis, cardio-
metabolic and inflammatory markers. About 34 per 
cent of participants exhibited AL which showed 
a significant association with ALES. Among 

Table I. Psychological stress variables and biomarkers of 
allostatic load (AL); descriptive and cut‑off values
Measures Median (IQR) n (%) above 

cut‑off
Psychological stress measuresa

PSS‑14 28 (23.5‑30) 79 (54.5)
Adolescent life event 
stress

576 (434‑770) 72 (50.3)

Controllable 180 (121‑235) 74 (51.7)
Uncontrollable 248 (162‑343) 72 (50.3)
Distressful 152 (212‑278) 112 (78.3)

GHQ‑12 4 (2.5‑6) 109 (75.2)
Approach coping 57.5 (48.3‑70) 36 (25)
Avoidance coping 32 (24‑39) 43 (30)
Allostatic load measuresb

Interleukin‑6 (ng/l) 1.85 (1.05‑2.79) 38 (26.2)
CRP (mg/l)† 0.22 (0.17‑0.80) 37 (25.9)
DHEAS (µmol/l) 3.0 (0.5‑2.0) 36 (24.8)
Total cholesterol 
(mmol/l)

3.1 (2.7‑3.5) 36 (24.8)

HDL cholesterol 
(mmol/l)

0.86 (0.8‑1.0) 36 (24.8)

BMI (kg/m2) 17.3 (16.4‑19.0) 36 (24.8)
Systolic blood 
pressure (mm/Hg)

107 (98.7‑111.7) 36 (24.8)

Diastolic blood 
pressure (mm/Hg)

68 (58.7‑73.3) 36 (24.8)

12 h urinary 
cortisol (µg/g 
creatinine)

29.6 (19.6‑43.3) 27 (25.2)

ALc 2.02 (1.34) 49
n=145, aMedian split was used for cut‑off except for approach 
coping (75th percentile) and avoidance coping (25th percentile); 
bFor AL, cut‑offs are based on >75th percentile value, identified 
as high risk, with the exception of HDL and DHEAS wherein 
<25th percentile was considered as risk; cThe mean and SD 
of AL is presented; †n=143. The sample  (n=370) versus 
sub‑sample  (n=145) differences were not significant for age, 
GHQ‑12, ALESS, approach coping, avoidance coping and BMI. 
One participant showed a CRP >10 mg/l and was excluded. 
PSS‑14, Perceived Stress Scale‑14; GHQ‑12, General Health 
Questionnaire‑12; BMI, body mass index; HDL, high‑density 
lipoprotein; DHEAS, dehydroepiandrosterone sulphate; 
ALESS, Adolescent Life Event Stress Scale; CRP, C‑reactive 
protein; IQR, interquartile range

biomarkers of micronutrient status, hepcidin showed 
a significant association with AL, signifying a 
link between physiological deregulation and iron 
metabolism.
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Table II. Association between allostatic load (AL) and stress variables

Stress variables AL 0‑2 (n=94) AL 3‑7 (n=49) P
Mean 95% CI Mean 95% CI

PSS‑14 26.9 25.9‑27.7 28.1 26.7‑29.5 0.172
GHQ‑12 4.29 3.76‑4.82 4.31 3.64‑4.98 0.967
Approach 57.3 54.1‑60.4 60.3 55.4‑65.2 0.3
Avoidance 32.2 30.3‑34.1 31.9 28.8‑35.0 0.871
ALESS 580 531‑629 663 605‑721 0.045*

ALESS sub‑scales
Controllable 173 158‑188 206 186‑226 0.011**

Uncontrollable 240 215‑265 276 242‑310 0.117
Distressful 207 187‑227 232 210‑254 0.126
*Significant after controlling for PSS, coping, GHQ‑12, age variables, F(1,135)=4.15, P=0.043 and shifted to a trend [adjusted mean, 
95% CI, 586, 542‑631 for low AL and 650, 590‑712 for high AL, F(1,134)=2.748, P=0.100] after controlling for SLI; **Persisted 
after controlling for confounders using ANCOVA, [adjusted mean, 95% CI, 174, 160‑189 for low AL and 202, 182‑223 for high AL, 
F(1,134)=4.645, P=0.048]. PSS, Perceived Stress Scale; GHQ, General Health Questionnaire; ALESS, Adolescent Life Event Stress 
Scale; CI, confidence interval

Figure. Distribution of allostatic load scores. The cumulative scores 
were calculated using quartiles of each parameter; counting the 
number of markers for which the individual has fallen in the risk 
quartile and summing up. Equal weighting was provided for all 
markers. A score equal to or above 3.0 was considered as allostatic 
load (n=143).

Forty two per cent of the families had asset-based 
SLI below median cut-off and the participants belonged 
to low to middle socio-economic status (SES). The 
substantial proportion of stunting, undernutrition 
and multiple micronutrient deficiencies suggest a 
background of general undernutrition. The proportion 
of anaemia reported in this group was comparable to 
the national average of 24 per cent24. Ascorbic acid and 
retinol deficiencies were in concordance with the earlier 
report among adults (75 and 21%, respectively)25.

AL has been considered as a cumulative effect 
of several stressors including SES, stress and early 
adversities associated with it. The algorithm which 
has been used for AL included DHEAS as the marker 

of HPA axis function, along with two inflammatory 
markers and five secondary mediators, representing 
cardio-metabolic function. The defined cut-offs of each 
biomarker of AL were lower than the clinical cut-offs 
but comparable to the US adolescent data in terms of 
blood pressure, lower for cholesterol, body mass index 
and CRP. HDL risk cut-off was significantly lower in 
our participants compared to the US23. The AL scores 
computed with and without cortisol showed a high 
correlation emphasizing on the cumulative nature 
of AL and non-dependency on a single marker. In 
adolescence, physical health is generally at its peak and 
subtle alterations in allostatic mediators are primarily 
observed. If not addressed, the continued exposure to 
stress may lead to exponential increases in later life 
leading to adverse health outcomes23.

A cumulative index cut-off of 3 corresponding to 
the 75th percentile was used for AL. This cut-off was 
similar to the cut-off used in the first study among 
elderly with ten biomarkers11, which was used to 
provide more specificity among adolescent boys with 
respect to AL. The median value of AL observed in the 
study with eight biomarkers was comparable to what 
has been reported in two nationally represented studies 
in American adolescents5,23. 

The study demonstrated a build-up of AL among 
one-third (34%) of the participants, which was in 
concordance with the 35 per cent reported among the 
US adolescents aged 12-20 yr with a lower cut-off of 
two4. At this age, one-third of boys exhibiting three or 
more biomarkers in the top quartile need caution and 
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the reasons of this early physiological deregulation 
need to be evaluated. Two prospective cohort studies 
have reported that AL is associated with health risk 
later; that among adolescents with high AL, there is an 
increased risk of asthma and schizotypal personality in 
adulthood5,26.

The relationship between psychological stress and 
AL among adolescents has shown a positive association 
among adults2. One prospective cohort study showed 
an association between early life stressors and AL three 
years later but was based on HPA functioning alone27. 
In the present study, the scores of AL were significantly 
high for those who had higher ALES. This provides 
evidence for psychological stress of adolescents 
leading to build-up of AL. SES, a known modulator 
of AL28, appeared to play a role in the relationship 
between AL and ALES in this population. 

There was an association between controllable life 
events sub-scale of ALES scale and AL. Controllable 
life events are considered modifiable by the individual 
and include items such as change of major subject, 
social activities, sleeping habits, trouble with parents/
bullies, serious argument with a close friend, and issues 
such as breakup with girlfriend. Most of these events 
appear to be affected more by emotional factors than 
socio-economic issues. Therefore, this observation 
provides indirect evidence on modifiable factors such 
as promoting adaptive coping in the population.

In the present study, there was a significant 
association between AL and hepcidin, especially the 

primary mediators of AL, IL-6, CRP and DHEAS. 
The hepcidin concentrations reported for participants 
were comparable to the previously reported hepcidin 
concentrations in 13-15 yr old boys of the same 
region29. Earlier, an association between stress and 
hepcidin through IL-6 has been demonstrated as an 
outcome of stress upregulating the inflammatory 
pathway of hepcidin release11. Therefore, the pathway 
of influence of AL and hepcidin could be through 
IL-6 and CRP. A recent study has reported an inverse 
association between AL scores and serum beta-
carotene concentrations in middle-aged men, providing 
evidence for a link between nutritional status and AL30.

In conclusion, this study showed that there was 
build-up of AL among adolescent boys. AL was 
associated with stress but not with micronutrient status, 
except for hepcidin. Attempts need to be made to target 
AL and bring about resilience. The implications of the 
association between AL and hepcidin on iron status 
need to be investigated further.
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Table III. Relationship between allostatic load (AL) and biomarkers of micronutrient status
Biomarkers of micronutrient 
status

AL 0‑2 (n=94) AL 3‑7 (n=49) P
Mean 95% CI Mean 95% CI

Haemoglobin (g/l) 140 137‑149 144 139‑149 0.171
sTfR (nmol/l) 36.2 32.5‑39.9 40.3 33.1‑47.5 0.33
Iron (µmol/l) 21.8 20.0‑23.7 20.5 18.0‑23.0 0.431
Hepcidin (µg/l) 22.7 22.4‑23.0 25.8 25.4‑26.2 0.092*

Ferritin (µg/l) 26 25.5‑26.5 31.5 30.7‑32.3 0.27
Retinol (µmol/l) 0.91 0.87‑0.96 0.97 0.89‑1.1 0.199
Ascorbic acid (µmol/l) 23.8 20.4‑27.8 32.4 23.9‑40.3 0.141
Folate (nmol/l) 12 11.3‑12.7 12.5 11.1‑13.8 0.402
Vitamin B12 (pmol/l) 187 171‑204 180 154‑206 0.598
*Significant mean difference after controlling for age, economic status and BMI using ANCOVA, adjusted means, 95% CI, 22.1, 20.2‑24.2 
µg/l for low AL, 27.2, 24.0‑30.8 µg/l for high AL, F(1,138)=6.491, P=0.014. >90per cent powered for the association reported. CI, confidence 
interval; sTfR, serum ferritin receptor
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