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Abstract
Background: Allostatic load (AL) serves as an objective indicator for evaluating
chronic stress and is associated with adverse pregnancy outcomes. Currently,
there are few longitudinal studies analyzing the influencing factors of AL in
pregnant women.

Objective: To investigate the status of AL and its influencing factors in pregnant
women during different periods of pregnancy.

Methods: This study employed a prospective research design. Using convenience
sampling, 152 women in early pregnancy (≤ 14 weeks), mid-pregnancy (23–
27 weeks), and late pregnancy (30–34 weeks) underwent questionnaire surveys,
physical examinations, and laboratory tests from November 2021 to November
2022. The Edinburgh Postnatal Depression Scale (EPDS) was used to assess
depressive emotions during pregnancy. Referencing previous studies, AL total
scores were calculated using relevant assessment indicators from the metabolic,
cardiovascular, and immune systems, with AL ≥ 3 points serving as the crite-
rion for high AL during different periods of pregnancy. Multivariate Logistic
regression analysis was used to explore the influencing factors of AL in early,
mid, and late pregnancy.

Results: Among the 152 pregnant women, the mean AL total scores in early,
mid, and late pregnancy were (2.06$±1.68), (2.07±1.84), 𝑎𝑛𝑑(2.07±$1.68), re-
spectively. In early, mid, and late pregnancy, 52 (34.0%), 54 (35.3%), and
50 (32.7%) women were in a high AL state (AL total score ≥ 3 points), re-
spectively. Multivariate Logistic regression analysis results showed that occu-
pation {commercial and service industry workers [OR=0.229, 95%CI (0.062,
0.845), P=0.027], clerical staff [OR=0.164, 95%CI (0.051, 0.528), P=0.002], pro-
fessional technicians [OR=0.278, 95%CI (0.099, 0.784), P=0.015]}, unemploy-
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ment [OR=5.516, 95%CI (1.044, 29.144), P=0.044], and depressive emotions
[OR=6.241, 95%CI (1.403, 27.757), P=0.016] were influencing factors of AL
in early pregnancy women. Age [OR=1.098, 95%CI (1.002, 1.202), P=0.045]
and early pregnancy AL [OR=9.965, 95%CI (4.402, 22.561), P=0.000] were
influencing factors of AL in mid-pregnancy women. Sleep duration in late
pregnancy [≥ 9 h/d: OR=0.176, 95%CI (0.044, 0.703), P=0.014], early preg-
nancy AL [OR=4.697, 95%CI (1.852, 11.908), P<0.001], and mid-pregnancy AL
[OR=9.426, 95%CI (3.728, 23.834), P<0.001] were influencing factors of AL in
late pregnancy women.

Conclusion: Over 30% of women were at a high AL level during different stages
of pregnancy, and the influencing factors varied. Occupation, unemployment
status, and depressive emotions were influencing factors of AL in early pregnancy
women; age and early pregnancy AL status were influencing factors of AL in mid-
pregnancy women; sleep duration in late pregnancy and AL status in early/mid-
pregnancy were influencing factors of AL in late pregnancy women. Earlier
attention and timely intervention for AL during pregnancy would be beneficial
in reducing the risk of high AL in pregnant women as pregnancy progresses.

Full Text
Abstract
Background: Allostatic load (AL) serves as an objective indicator for evaluat-
ing chronic stress and is associated with adverse pregnancy outcomes. However,
longitudinal studies analyzing the influencing factors of AL among pregnant
women remain scarce.

Objective: To investigate the status of AL and its influencing factors in preg-
nant women across different trimesters.

Methods: This prospective study employed convenience sampling to recruit
152 pregnant women between November 2021 and November 2022. Participants
underwent questionnaire surveys, physical examinations, and laboratory tests
during the first ($�$14 weeks), second (23–27 weeks), and third (30–34 weeks)
trimesters. The Edinburgh Postpartum Depression Scale (EPDS) was used to
assess depressive symptoms during pregnancy. Based on previous research, AL
total scores were calculated using biomarkers from metabolic, cardiovascular,
and immune systems, with AL ≥ 3 defined as the threshold for high AL across
trimesters. Multivariate logistic regression analysis was used to explore influ-
encing factors of AL in each trimester.

Results: Among the 152 participants, mean AL total scores were
(2.06$±1.68), (2.07±1.84), 𝑎𝑛𝑑(2.07±$1.68) in the first, second, and third
trimesters, respectively. High AL status (AL total score $�3)𝑤𝑎𝑠𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑𝑖𝑛52(34.0�$9
h/d: OR=0.176, 95%CI(0.044,0.703), P=0.014], first-trimester AL [OR=4.697,
95%CI(1.852,11.908), P<0.001], and second-trimester AL [OR=9.426,
95%CI(3.728,23.834), P<0.001] were influencing factors for AL in the
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third trimester.

Conclusion: Over 30% of women exhibited high AL levels during different
stages of pregnancy, with varying influencing factors across trimesters. Occu-
pation, unemployment status, and depressive symptoms affected first-trimester
AL; age and first-trimester AL status influenced second-trimester AL; and third-
trimester sleep duration along with AL status in early and mid-pregnancy af-
fected third-trimester AL. Earlier attention and timely intervention for AL dur-
ing pregnancy may help reduce the risk of high AL as pregnancy progresses.

Keywords: Pregnancy; Chronic stress; Allostatic load; Psychological distress;
Biomarkers; Root cause analysis

Introduction
Pregnancy itself represents a chronic and intense stressor. Pregnant women
experience chronic physiological, psychological, and social stress, including hor-
monal changes and sleep quality alterations induced by pregnancy, multiple so-
cial role pressures, and negative emotions [1]. Allostatic load (AL) is a composite
index representing physiological dysregulation across neuroendocrine, immune,
cardiovascular, and metabolic systems, reflecting the cumulative wear and tear
experienced by the body under chronic stress [2]. This accumulated physiolog-
ical dysregulation is associated with adverse pregnancy outcomes such as low
birth weight, preterm birth, and preeclampsia [3-5].

Current research has examined AL influencing factors in various populations, in-
cluding university students, elderly individuals, and cancer patients, with stud-
ies controlling for confounding factors identifying depression [6], sleep [7], and
occupational level [8] as independent influencing factors. However, investiga-
tions focusing on pregnant women remain insufficient, with only a few foreign
studies exploring influencing factors of AL during pregnancy, all of which are
cross-sectional. MORRISON et al. [9] analyzed a nationally representative sam-
ple and found race and education as influencing factors for AL in pregnant
women, but their analysis only included demographic factors without examining
psychosocial influences. HUX et al. [10] reported that perceived stress, depres-
sion, socioeconomic status, and age were not associated with AL in pregnant
women, though they included psychosocial factors, their study only surveyed
women in early pregnancy (10-14 weeks). Therefore, longitudinal studies are
necessary to investigate AL status across different pregnancy periods and ana-
lyze the effects of socioeconomic, psychological, and behavioral factors on AL
to enable early identification of high-risk populations and their risk factors for
timely intervention and promotion of maternal and infant health.
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Methods
Study Design and Participants

This prospective study employed convenience sampling to recruit 152 pregnant
women from the obstetrics outpatient clinics of the 901 Hospital of the Joint
Logistic Support Force of the Chinese People’s Liberation Army and Jin’an
Maternal and Child Health Care Hospital in Lu’an between November 2021 and
November 2022. Participants were surveyed during the first ($�$14 weeks), sec-
ond (23-27 weeks), and third (30-34 weeks) trimesters through questionnaires,
physical examinations, and laboratory tests. Inclusion criteria were: (1) age
$�$18 years; (2) natural conception with singleton pregnancy; (3) receiving pre-
natal care and delivering at the study hospitals; (4) clear thinking and normal
expression; (5) informed consent. Exclusion criteria included: (1) pre-existing
medical conditions such as heart disease, hypertension, or diabetes; (2) history
of severe psychiatric illness. The study was approved by the Ethics Committee
of Anhui Medical University (approval number: s20210076).

AL Assessment

Based on previous studies [11-13], biomarkers from the following physiological
systems were used to assess AL: metabolic system (high-density lipoprotein,
total cholesterol, body mass index, fasting glucose, and waist circumference);
cardiovascular system (systolic and diastolic blood pressure); and immune sys-
tem (high-sensitivity C-reactive protein). Except for high-density lipoprotein,
where the lower quartile indicated high risk, all other markers used the upper
quartile as the high-risk threshold. High risk was scored as“1”and low risk as“0”
, with scores summed to obtain the total AL score. Based on literature review,
a total AL score of 3 or above was used as the high-risk threshold [14]. Since
cardiovascular, metabolic, neuroendocrine, and inflammatory systems undergo
physiological changes during pregnancy [10], high-risk thresholds for biomarkers
in different trimesters were calculated based on the quartile values specific to
each trimester.

Blood pressure was measured using a pulse electronic sphygmomanometer
(model: MJ150f). Height, weight, and waist circumference were measured with
participants wearing light clothing without shoes. Fasting glucose, high-density
lipoprotein, total cholesterol, and high-sensitivity C-reactive protein were
measured using Beckman Coulter AU5800 and Hitachi 7600-020 automatic
biochemical analyzers.

Questionnaire Survey

General and Obstetric Information: A self-designed questionnaire collected
general and obstetric information including age, education level, occupational
status, unemployment in the past year, nighttime sleep duration, and primi-
para status. Occupational status was categorized according to Chinese social
class into seven levels: high-level professionals or managers, professional and
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technical personnel, office staff, self-employed individuals, business service em-
ployees, migrant workers, and unemployed [15]. For unemployed individuals,
pre-unemployment occupation was recorded. Sleep duration was categorized as
<9 h/d and $�$9 h/d [16].

Depressive Symptoms: The Edinburgh Postnatal Depression Scale (EPDS)
was used to screen for depressive symptoms during pregnancy. This 10-item
scale uses a 4-point scoring method (0-3 points), with total scores ranging from
0-30, where higher scores indicate more severe depression. SU et al. [17] recom-
mended 12/13 as the optimal cutoff for EPDS in screening depression during
pregnancy, a method validated and applied domestically [18]. Therefore, this
study used 12 points as the cutoff for identifying depressive symptoms in preg-
nant women.

Statistical Analysis

SPSS 24.0 software was used for statistical analysis. Normally distributed con-
tinuous variables were described as (x̄±s), and categorical variables were de-
scribed as frequencies and percentages. Independent samples t-tests and �2 tests
or continuity-corrected �2 tests were used to compare continuous and categorical
variables between groups, respectively. To prevent loss of important variables,
the significance level was set at 𝛼=0.10 for univariate analysis. Variables with
statistical significance in univariate analysis (P<0.1) were entered as indepen-
dent variables into binary logistic regression models for each trimester, with AL
status as the dependent variable, to screen for influencing factors of AL during
different pregnancy periods, with significance level set at 𝛼=0.05.

Results
Participant Characteristics

The mean age of participants was (29.6$±$4.5) years. Education level: 21.7%
(33/152) had technical secondary school or junior high school education or be-
low, 39.5% (60/152) had high school or college education, and 38.8% (59/152)
had bachelor’s degree or above. Occupational level: 17.1% (26/152) were un-
employed, 2.6% (4/152) were migrant workers, 15.1% (23/152) were business
service employees, 6.6% (10/152) were self-employed, 25.7% (39/152) were of-
fice staff, 30.3% (46/152) were professional and technical personnel, and 2.6%
(4/152) were high-level professionals or managers. Unemployed individuals ac-
counted for 5.9% (9/152), and primiparas accounted for 57.9% (88/152).

AL Levels Across Trimesters

Mean AL total scores were (2.06$±1.68), (2.07±1.84), 𝑎𝑛𝑑(2.07±$1.68) in the
first, second, and third trimesters, respectively. High AL status (AL total score
$�$3) was observed in 52 (34.0%), 54 (35.3%), and 50 (32.7%) women across the
three trimesters, indicating that a substantial proportion of pregnant women
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experienced high levels of chronic stress during pregnancy. These results are
slightly higher than the 31.47% reported by MORRISON et al. [9] in a survey
of American pregnant women (using AL total score >4). Previous studies have
identified associations between AL and factors such as race [19], living environ-
ment [20], and socioeconomic status [8], which may explain differences between
our findings and those from American populations. Additionally, variations in
biomarkers and calculation methods across studies may contribute to these dif-
ferences, highlighting the need for more accurate and unified AL assessment
methods to facilitate comparisons between studies.

Univariate Analysis of AL Influencing Factors

Significant differences between high and low AL groups were observed for oc-
cupational level, unemployment status, and depressive symptoms in the first
trimester (P<0.10). In the second trimester, age, first-trimester depressive
symptoms, and first-trimester AL status showed significant differences (P<0.10).
In the third trimester, third-trimester nighttime sleep duration, first-trimester
depressive symptoms, and high AL status in both first and second trimesters
showed significant differences (P<0.1) .

Multivariate Analysis of AL Influencing Factors

Multivariate logistic regression models were established for each trimester using
variables with statistical significance in univariate analysis (P<0.1) as indepen-
dent variables and AL status as the dependent variable .

First Trimester: Compared with unemployed pregnant women, business
service employees [OR=0.229, 95%CI(0.062,0.845), P=0.027], office staff
[OR=0.164, 95%CI(0.051,0.528), P=0.002], and professional and technical
personnel [OR=0.278, 95%CI(0.099,0.784), P=0.015] had lower likelihood of
high AL. Compared with non-unemployed individuals, those who experienced
unemployment in the past year had higher likelihood of high AL [OR=5.516,
95%CI(1.044,29.144), P=0.044]. Compared with those without depressive
symptoms, those with depressive symptoms had higher likelihood of high AL
[OR=6.241, 95%CI(1.403,27.757), P=0.016] .

Second Trimester: Older age was associated with higher likelihood of high
AL [OR=1.098, 95%CI(1.002,1.202), P=0.045]. Compared with those with low
AL in the first trimester, those with high AL in the first trimester had higher
likelihood of high AL in the second trimester [OR=9.965, 95%CI(4.402,22.561),
P<0.001] .

Third Trimester: Compared with sleep duration <9 h/d, sleep duration $�$9
h/d in the third trimester was associated with lower likelihood of high AL
[OR=0.176, 95%CI(0.044,0.703), P=0.014]. Compared with low AL in the first
trimester, high AL in the first trimester increased the likelihood of high AL
in the third trimester [OR=4.697, 95%CI(1.852,11.908), P<0.001]. Similarly,
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high AL in the second trimester increased the likelihood of high AL in the third
trimester [OR=9.426, 95%CI(3.728,23.834), P<0.001] .

Discussion
Influencing Factors of AL in the First Trimester

Occupational level, unemployment status, and depressive symptoms emerged as
key factors influencing first-trimester AL. Social class in this study was catego-
rized based on access to organizational, economic, and cultural resources, with
unemployment and being jobless representing the lowest social class [15]. Mul-
tivariate analysis showed that higher occupational classes—including business
service employees, office staff, and professional and technical personnel—had
lower likelihood of high AL compared with unemployed individuals. Previous
research indicates that individuals with higher socioeconomic status have better
resources and knowledge to improve health and cope with financial difficulties,
adverse work environments, and stressful life events [21], whereas pressure from
living at the bottom of the social hierarchy forces individuals into excessive
stress, lipid metabolism disorders, sustained elevated blood glucose, and chronic
inflammatory responses [22]. MCCRORY et al. [8] reported that older adults
with higher occupational levels in professional or managerial positions had lower
AL scores compared with those in lower occupational levels in unskilled or semi-
skilled positions. Unemployment can lead to economic constraints, reduced
social connections, and increased health-damaging behaviors [23], representing
a chronic stressor that can persist for weeks, months, or even longer [24]. Under
chronic stress, sustained activation of the hypothalamic-pituitary-adrenal axis
causes cumulative wear and tear on physiological systems, leading to elevated
AL [2,23].

Our findings also revealed that only depressive symptoms in the first trimester
affected AL, while depression was not associated with AL in the second and third
trimesters, suggesting that AL in early pregnancy may be more susceptible to
depressive symptoms. Previous studies have supported the association between
depression and AL in Black women, White men, and older adults [25-27]. How-
ever, HUX et al. [10] found that depression was not an influencing factor for
AL in American women at 10-14 weeks of pregnancy. These inconsistent find-
ings may be related to differences in study countries and depression assessment
tools. Research has indicated that depression is associated with hypothalamic-
pituitary-adrenal axis dysfunction and multi-system physiological dysregulation
[27], and that depression during pregnancy is linked to increased risks of adverse
pregnancy outcomes such as preterm birth and low birth weight [28-30], which
are also associated with AL [3-5]. This suggests that AL, as a measure of
chronic stress, may represent a biological mechanism linking depression during
pregnancy to adverse pregnancy outcomes.
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Influencing Factors of AL in the Second Trimester

Age and first-trimester AL status were identified as influencing factors for
second-trimester AL. Our study found that older pregnant women had higher
likelihood of high AL in the second trimester, reflecting the cumulative wear
and tear experienced by physiological systems. Previous studies have identified
age as an independent influencing factor for AL among female employees [31],
adolescents [20], and farm workers [32]. With increasing age, lipid metabolism
and immune system functions related to AL decline [33]. Research has shown
that compared with younger individuals, older individuals have more difficulty
recovering from stressful events due to age-related declines in physiological
resilience [34]. Additionally, our study demonstrated that high AL in the first
trimester was a risk factor for high AL in the second trimester, indicating
that attention and timely intervention for individuals with high AL in early
pregnancy could help reduce the risk of high AL in mid-pregnancy.

Influencing Factors of AL in the Third Trimester

Third-trimester sleep duration and high AL status in both first and second
trimesters emerged as influencing factors for third-trimester AL. Previous stud-
ies have shown an inverse relationship between sleep duration and AL [7,35].
Our findings also indicated that sleep duration $�$9 h/d in the third trimester
was associated with lower AL levels, reflecting the protective effect of adequate
sleep on physiological systems in late pregnancy. Research has demonstrated
that sleep duration during pregnancy is associated with multiple physiological
systems, including inverse relationships with body mass index [36], blood glu-
cose [37], C-reactive protein [38], and systolic and diastolic blood pressure [39].
Furthermore, our study showed that high AL in both early and mid-pregnancy
were risk factors for high AL in late pregnancy. Therefore, attention to sleep
duration in the third trimester and timely intervention for high AL in early and
mid-pregnancy may help reduce the risk of high AL in late pregnancy.

Conclusion
Over 30% of women exhibited high AL levels during the first, second, and third
trimesters, with varying influencing factors across pregnancy stages. Occupa-
tion, unemployment status, and depressive symptoms influenced first-trimester
AL; age and first-trimester AL status affected second-trimester AL; and third-
trimester sleep duration along with AL status in early and mid-pregnancy influ-
enced third-trimester AL. Earlier attention and timely intervention for high AL
during pregnancy may help reduce the risk of high AL as pregnancy progresses.
Addressing maternal age and occupational status, improving depressive symp-
toms in early pregnancy, and optimizing sleep status in late pregnancy may
help reduce physiological system wear and promote maternal and infant health.
This study utilized biological data reflecting objective stress to longitudinally
investigate AL and its influencing factors across pregnancy stages, providing
new practical preventive measures for adverse pregnancy outcomes. However,
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the findings are limited to two hospitals in Anhui Province, affecting generaliz-
ability, and socioeconomic, psychological, and behavioral factors were assessed
through self-report, which is susceptible to recall bias and social desirability
effects.
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