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Context: Early-life adversity, defined as physical, emotional, or sexual abuse and neglect before 18
years of age, is associated with metabolic syndrome, obesity, and type 2 diabetes mellitus in adult
life. However, the underlying mechanism is not fully understood, and whether adipomyokines are
associated with early-life adversity independent of other factors such as body mass index, psycho-
social risks, and health behaviors is not known.

Objectives: The objective of the study was to evaluate the association between early-life adversity
and circulating the levels of the adipomyokines such as leptin, adiponectin, and irisin and the
inflammatory marker, C-reactive protein (CRP).

Design/Subjects/Setting: This study was a cross-sectional study of 95 adults at a university-based
research center. We collected venous blood from participants and analyzed serum for leptin,
adiponectin, irisin, and CRP.

Results: Circulating leptin, irisin, and CRP levels were significantly higher in the highest adversity
tertile group compared with low and middle tertile groups (P � .001 for leptin, P � .01 for irisin,
and P � .02 for CRP). Adiponectin levels were lower in the highest tertile group compared with the
low and middle tertile groups (P � .03). After adjusting for demographic variables, physical activity,
diet, current mental health, and body mass index, the associations between early-life adversity
leptin, irisin, and did not change. However, adiponectin and CRP levels were no longer significantly
related to early life adversity.

Conclusion: Early-life adversity is directly associated with elevated circulating leptin and irisin, and
indirectly associated with elevated CRP and decreased adiponectin. These findings suggest that
these adipomyokines may play a role in the pathogenesis of metabolic abnormality in a population
with significant early life adversity. (J Clin Endocrinol Metab 99: E1055–E1060, 2014)
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Early-life adversity, defined as physical, emotional, and
sexual abuse and neglect before 18 years of age (1),

is well known to affect physical health in adulthood in-
cluding increased risk for obesity, metabolic syndrome,
type 2 diabetes, cardiovascular disease, and premature
mortality (2, 3).

It has been hypothesized that early-life adversity di-
rectly alters the hypothalamic-pituitary-adrenal (HPA)
axis, the immune system, and systems of energy/metabolic
regulation (4, 5), epigenetic changes (6), and shortening of
telomere length (7). Previous studies also have shown that
inflammatory markers such as C-reactive protein (CRP)
and IL-6 were elevated in young individuals with early-life
adversities (8). However, the pathophysiological mecha-
nism underlying the link between early-life adversity and
obesity is not fully understood.

Leptin, an adipokine that was initially discovered as a
protein that decreases appetite via hypothalamic recep-
tors, is an important determinant in the development of
obesity and metabolic syndrome (9). Adiponectin, on the
other hand, is an adipokine with insulin-sensitizing ef-
fects, and low adiponectin is associated with insulin re-
sistance and type 2 diabetes (10, 11). Irisin is a novel per-
oxisome proliferator-activated receptor-� coactivator 1-�
(PGC-1�)-dependent myokine that is secreted from skel-
etal muscle after exercise, mediating exercise-related en-
ergy expenditure and glucose metabolism (12, 13). Im-
portantly, there are no previous reports on the
associations of early-life adversity and these circulating
adipomyokines that affect energy homeostasis and car-
diometabolic risks.

We aimed to evaluate the associations between adipo-
myokines and early life adversity in a racially diverse,
mixed-risk sample, after adjusting for demographic vari-
ables (ie, age, gender, race, education), smoking status,
diet, physical activity, and current mental health status.
Furthermore, we adjusted for overall obesity [body mass
index (BMI)] as a potential mediator of early-life adver-
sity’s effects.

Materials and Methods

Study design and participants
This is a cross-sectional study of 95 adults aged 35–56 years

who were recruited from the general population of the greater
Boston area via advertisements, including newspapers, flyers,
and radio, from October 2009 to April 2012. Individuals with a
history of myocardial infarction or stroke, an active diagnosis of
diabetes mellitus, active iv drug use, hepatitis, cirrhosis, dialysis,
long-term steroid use, and/or current treatment for cancer or
active infection were excluded from enrollment. A total of 170
participants were enrolled; 95 participants with complete re-
cords of early life adversity, diet, and exercise information and at

least one biomarker (leptin, adiponectin, irisin) were included in
the current analyses. The study was approved by the Institutional
Review Board at Beth Israel Deaconess Medical Center and the
Judge Baker Children’s Center (Boston, Massachusetts). Written
informed consent was obtained from all participants.

Measurement of adipomyokines
Venous blood samples were collected after overnight fasting

from participants at Beth Israel Deaconess Medical Center. Se-
rum and plasma were isolated within 90 minutes of collection
and stored at �80°C. Leptin and adiponectin were measured by
a RIA (Millipore). Irisin was measured by an ELISA (Phoenix
Pharmaceuticals). Inter- and intraassay coefficients of variation
were 3.6%–6.2% and 3.4%–8.3% for leptin, 6.9%–9.3% and
1.8%–6.2% for adiponectin, and less than 15% and less than
10% for irisin. Fasting glucose and CRP were measured with the
Roche Cobas c311 clinical chemistry analyzer (Roche Diagnos-
tics). Fasting insulin levels were measured by Immulite 1000
chemiluminescence immunoassays (Siemens). Leptin, adiponec-
tin, irisin, CRP, and insulin were measured in serum, and glucose
was measured in plasma.

Psychosocial data
Information on early-life adversity and psychosocial mea-

surements was obtained via validated interview and question-
naires at Judge Baker Children’s Center by trained interviewers
(14). An overall adversity score was created by multiplying the
number of adversities � the overall severity of adversity � the
overall chronicity of adversity. Severity and chronicity was mea-
sured based on the previous report (14). Participants were
grouped into tertiles based on the scores.

The Beck Depression Inventory (BDI)-II was used to assess
depressive symptoms. Participants with a BDI-II score of 21 or
greater were classified as having moderate to severe depressive
symptoms (14).

A detailed medication history including psychiatric medica-
tions such as antidepressants, psychotropic medications, and
anxiolytics was obtained from the medical and psychological
interviews.

Dietary quality and physical activity assessment
The Block Food Frequency Questionnaire (NutritionQuest)

was used to obtain information about the dietary intake of par-
ticipants. To assess the quality the nutritional intake, Alternate
Healthy Eating Index (AHEI) scores were calculated from the
Block Food Frequency Questionnaire (15).

Data on physical activity including the type and typical du-
ration of regular exercise were obtained from self-report ques-
tionnaires. Energy expenditure by regular exercise including aer-
obic and anaerobic exercise was estimated as the metabolic
equivalent (MET) hours per week (16).

Anthropometric measurements
Height, body weight, and waist and hip circumferences were

measured prior to blood sampling in the fasting state.

Statistical analysis
We performed a two-group analysis: tertile 3 (T3; overall

adversity score � 16) vs a combined group of tertile 1 (T1) and
tertile 2 (T2; overall adversity score � 16) using the Wilcoxon
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rank sum test for continuous variables and �2 tests for categorical
variables. Spearman correlation analysis was performed for con-
tinuous variables. Leptin, adiponectin, irisin, and CRP were log-
arithmically transformed to achieve a normal distribution. Mul-
tiple linear regression analysis was performed to examine the
association between adversity and adipomyokines and CRP us-
ing a dummy variable for adversity [high adversity (T3) vs no to
moderate adversity (T1�T2)]. SPSS version 19.0 and SAS ver-
sion 9.3 were used for the statistical analysis.

Results

Baseline characteristics
The mean age of the total sample was 45.7 (�3.4) years;

52 participants (54.7%) were female, and 53 (56.4%)
were black/African American. There were 61 participants
in the T1�T2 group, and 34 in the T3 group.

Comparison between T3 and T1�T2 (Table 1)
There were no significant differences in age or gender

between the T3 and T1�T2 groups. T3 had more black/
African American participants compared with T1�T2
(P � .001). The T3 group had a higher percentage of par-
ticipants with BDI of 21 or greater and/or on currently on

psychiatric medication (P � .003). BMI was higher in T3
(P � .02). There were no significant differences in diet or
physical activity between the groups. T3 had higher levels
of leptin (P � .001), irisin (P � .02), and CRP (P � .02)
and lower adiponectin (P � .03) levels compared with
T1�T2 group (Table 1).

Correlations among study variables (Supplemental
Table 1)

Raw scores for overall adversity were positively corre-
lated with BMI (r � 0.28, P � .005), waist circumference
(r � 0.31, P � .003), and leptin (r � 0.31, P � .003).
Conversely, they were negatively correlated with adi-
ponectin (r � �0.28, P � .007). There was a marginally
significant positive correlation between overall adversity
and irisin (r � 0.18, P � .08).

Multivariate linear regression analysis:
associations among adversity and adipomyokines
and CRP

There were strong positive associations between high
adversity and leptin (P � .01) and irisin (P � .01). Adi-
ponectin had a marginally negative association with high

Table 1. Comparison of Patient Characteristics Between T3 (Overall Adversity Score � 16) and T1�T2 (Overall
Adversity Score � 16) Groups

Total Population
(n � 95)

T1�T2
(Overall Adversity Score < 16)
(n � 61)

T3
(Overall Adversity Score > 16)
(n � 34)

P
Value

Age, y 46 (43–48) 45 (43–47) 47 (43–49) .21
Female, n, % 52 (54.7) 32 (42.6) 20 (58.8) .55
Race, African-American,

n, %a
53 (56.4) 26 (42.6) 27 (81.8) <.001

Smoking, n, % 27 (28.4) 15 (24.6) 12 (35.3) .27
Bachelor’s degree, n,

%b
28 (31.5) 23 (39.7) 5 (16.1) .02

BDI �21 and/or
psychiatric
medication, n, %a

30 (31.6) 13 (22.4) 17 (63.0) .003

BMI, kg/m2b 28.9 (25.9–34.5) 28.2 (24.4–33.2) 30.7 (27.3–41.6) .02
Waist to hip ratio 0.88 (0.81–0.93) 0.85 (0.81–0.92) 0.89 (0.82–0.94) .21
Waist circumference,

cma
99.3 (88.0–112.5) 92.8 (86.55–109.3) 104.65 (93.65–118.3) .002

Metabolic syndrome, n,
%

25 (26.3) 14 (23.0) 11 (32.4) .32

AHEI 43.1 (35.1–52.3) 44.6 (35.9–55.8) 42.1 (33.7–49.2) .16
Physical activity, MET

h/wk
11.0 (0–29.3) 13 (0–31.5) 9.3 (0–19.4) .12

Fasting glucose, ng/mL 90.6 (84.0–96.0) 90.5 (83.3–94.9) 90.8 (84.6–98.3) .43
Fasting insulin, ng/mL 5.8 (3.2–10.3) 5.1 (3.2–9.1) 7.6 (4.0–11.9) .22
Leptin, ng/mLa 22.8 (6.9–37.0) 14.2 (3.9–34.1) 33.9 (20.1–45.6) .001
Adiponectin, ng/mLb 7.5 (4.8–11.9) 9.1 (5.4–13.0) 6.6 (3.8–8.6) .03
Irisin, ng/mLb 171.8 (142.5–214.2) 161.2 (137.8–190.4) 203.7 (163.9–220.5) .02
CRP, mg/dLb 1.6 (0.6–3.7) 1.2 (0.5–3.0) 2.2 (1.0–4.5) .02

Data are presented in number (percentage) or median (interquartile range); value of P � .05 is in bold.
a P � .01, Wilcoxon rank-sum test for continuous variables, �2 test for categorical variables.
b P � .05, Wilcoxon rank-sum test for continuous variables, �2 test for categorical variables.
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adversity in an unadjusted univariate regression, but ad-
justing for age, gender, and race rendered it nonsignifi-
cant. CRP was significantly positively associated with
high adversity in an unadjusted model (P � .02), but it was
not independently associated with high adversity when
adjusted for age, gender, and race (Table 2).

Discussion

We report that early-life adversity is generally associated
with high circulating leptin, irisin, and CRP and low cir-
culating adiponectin levels. The associations between
early-life adversity and leptin and irisin remained signifi-
cant, even after adjusting for potential confounders,
whereas for adiponectin and CRP, the associations were
nullified in multivariate models. To our knowledge, this is
the first report of early-life adversity as predictors of adi-
pomyokines in adult life.

Our results support that leptin and irisin are poten-
tial direct mediators of the association between early-
life adversity and the pathogenesis of obesity and not
simply reflection of current obesity (high BMI) or other
factors such as smoking status, quality of diet, exercise,

or psychosocial factors linked to health such as
depression.

Leptin is known for its strong correlation with BMI and
fat mass (9). Hyperleptinemia in obesity is explained by
resistance to leptin or alteration of negative feedback
mechanisms (9, 17). Stress is known to stimulate the HPA
axis and increase the production of glucocorticosteroid in
adrenal glands via ACTH (4). Animal studies with rats
revealed that glucocorticoids stimulated the release of lep-
tin from adipose tissue but contributed to the development
of leptin resistance at the same time (17). Leptin could be
a mediator of the effect of childhood adversity on obesity
via alteration of the HPA axis.

Adiponectin is an anti-inflammatory adipokine mainly
produced by adipocytes. It is inversely correlated with
overall and visceral obesity (18). In our study, univariate
analysis revealed a negative association between circulat-
ing levels of adiponectin and early-life adversity, but mul-
tivariate regression analysis including gender and race
failed to show a significant association. Levels of adi-
ponectin were lower in the African-American group com-
pared with Caucasians (P � .005) and higher in females
compared with males (P � .02). In our population, circu-

Table 2. Multiple Linear Regression of Association Between Adipomyokines and CRP with T3 (Overall Adversity
Score � 16, Reference: T1�T2 � Overall Adversity Score �16)

Dependent
(Outcome) Variable � (95% CI) Standardized � SE P Value

Log (leptin)
Model 1 0.81 (0.35–1.27) .34 0.23 <.001
Model 2 0.68 (0.22–1.13) .28 0.23 <.001
Model 3 0.72 (0.19–1.26) .29 0.27 .01
Model 4 0.71 (0.20–1.22) .28 0.26 .01
Model 5 0.64 (0.16–1.12) .25 0.24 .01

Log (adiponectin)
Model 1 �0.27 (�0.57 to 0.04) �.18 0.15 .08
Model 2 �0.14 (�0.45 to 0.16) �.10 0.15 .36
Model 3 �0.02 (�0.37 to 0.33) �.01 0.18 .91
Model 4 �0.02 (�0.37 to 0.34) �.01 0.18 .92
Model 5 0.01 (�0.34 to 0.36) .01 0.18 .96

Log (irisin)
Model 1 0.17 (0.04–0.31) .27 0.07 .01
Model 2 0.16 (0.01–0.30) .24 0.07 .04
Model 3 0.25 (0.08–0.41) .37 0.08 .004
Model 4 0.25 (0.08–0.42) .37 0.08 .004
Model 5 0.24 (0.08–0.41) .37 0.08 .01

Log (CRP)
Model 1 0.55 (0.08–1.02) .24 0.24 .02
Model 2 0.33 (�0.17 to 0.82) .14 0.25 .19
Model 3 0.39 (�0.22 to 0.99) .16 0.30 .20
Model 4 0.37 (�0.21 to 0.95) .15 0.29 .21
Model 5 0.24 (�0.25 to 0.73) .10 0.25 .33

Value of P � .05 is in bold. Model 1 is unadjusted comparison between high-adversity group vs low-adversity group. Model 2 is model 1 �
adjusted for demographic variables [age (years), gender, and race]. Model 3 is model 2 � adjusted for smoking, education, BDI of 21 or greater or
on psychiatric medication. Model 4 is model 3 � adjusted for diet (AHEI), physical activity (MET hours per week). Model 5 is model 4 � adjusted
for BMI (kilograms per square meter).
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lating adiponectin levels are indirectly associated with ear-
ly-life adversity via gender and race.

Irisin, a PGC-1� dependent myokine, is secreted from
muscle in response to exercise in both animal and humans
(12, 13). The physiological role of irisin includes the
browning effect of white adipose tissue to expend more
calories via thermogenesis (12). Although several studies
(13, 19) revealed that irisin is secreted from muscle acutely
after exercise in humans, there are no reports on the re-
lationship between long-term physical activity and irisin,
and the predictors of irisin remain largely unknown.

Our data showed that circulating irisin is significantly
elevated in the high-adversity group independently of ex-
ercise and BMI. This suggests that systemic regulation of
irisin is directly related to early-life adversity and adds to
the relatively small literature addressing the role that irisin
plays in energy metabolism. Recently irisin is reported to
be increased with morbid obesity and metabolic syndrome
(20). If early-life adversity alters circulating levels of irisin,
then our findings could lead to revealing a novel mecha-
nism in the pathophysiology of obesity.

Alteration of the immune system and inflammation are
believed to be involved in disease processes from early-life
adversities (1). In addition, CRP is a known inflammatory
marker associated with obesity (18). In our study, al-
though CRP was significantly higher in the high-adversity
group, early-life adversity was not independently associ-
ated with CRP. Adjusting for race rendered the signifi-
cance negative in our population.

The limitations of this study are its cross-sectional na-
ture and relatively small sample size. With a current sam-
ple size of 95, assuming a power (�) of 80%, a correlation
coefficient of r � 0.25 can be detected as significant at � �

.05 level. Longitudinal cohort studies as well as well-con-
trolled animal studies to evaluate the effect of early stress
on the profiles of adipomyokines will provide more con-
clusive answers regarding the causal relationship between
early-life adversity and adipomyokines.

The strength of this study lies in that it is the first study
to show the associations between early-life adversity and
adipomyokines as well as CRP, providing more informa-
tion regarding the pathogenesis of obesity in a population
with early-life adversities.

In conclusion, leptin and irisin, but not adiponectin or
CRP, are positively and directly associated with early-life
adversity, adjusting for important variables that also im-
pact on metabolic systems: obesity, psychosocial factors,
and health behaviors. Leptin and irisin likely play an im-
portant role in the pathogenesis of obesity and regulation
of adiposity in individuals with early-life adversities.

Acknowledgments

We acknowledge Helen Christou, MD, Emily Oken, MD, and
Gordon H. Williams, MD for the critical discussion on study
design and interpretation of the data; Wenyang Mao, MS, for
statistical support; Michael Tsoukas, MD, for proofreading and
editing the manuscript; and Andreas Filippaios, MD, for tech-
nical support in the laboratory assays.

Address all correspondence and requests for reprints to:
Christos. S. Mantzoros, MD, DSc, PhD, hc, Professor of Internal
Medicine, Division of Endocrinology and Metabolism, Beth Is-
rael Deaconess Medical Center, Harvard Medical School, FD
876, 330 Brookline Avenue, Boston, MA 02215. E-mail:
cmantzor@bidmc.harvard.edu.

This study was supported by the National Institute of Aging
Grant RO1-AG032030 and National Institute of Diabetes and
Digestive and Kidney Diseases Grant 81913. The project was
also supported by Harvard Clinical and Translational Science
Center Grant UL1 RR025758 from the National Center for Re-
search Resources.

Disclosure Summary: The authors have nothing to disclose.

References

1. Slopen N, Koenen KC, Kubzansky LD. Childhood adversity and
immune and inflammatory biomarkers associated with cardiovas-
cular risk in youth: a systematic review. Brain Behav Immun. 2012;
26:239–250.

2. Rich-Edwards JW, Spiegelman D, Lividoti Hibert EN, et al. Abuse
in childhood and adolescence as a predictor of type 2 diabetes in
adult women. Am J Prev Med. 2010;39:529–536.

3. Boynton-Jarrett R, Rosenberg L, Palmer JR, Boggs DA, Wise LA.
Child and adolescent abuse in relation to obesity in adulthood: the
Black Women’s Health Study. Pediatrics. 2012;130:245–253.

4. Johnson SB, Riley AW, Granger DA, Riis J. The science of early life
toxic stress for pediatric practice and advocacy. Pediatrics. 2013;
131:319–327.

5. Kertes DA, Gunnar MR, Madsen NJ, Long JD. Early deprivation
and home basal cortisol levels: a study of internationally adopted
children. Dev Psychopathol. 2008;20:473–491.

6. Szyf M. The early life environment and the epigenome. Biochim
Biophys Acta. 2009;1790:878–885.

7. Shalev I. Early life stress and telomere length: investigating the con-
nection and possible mechanisms: a critical survey of the evidence
base, research methodology and basic biology. Bioessays. 2012;34:
943–952.

8. Carpenter LL, Gawuga CE, Tyrka AR, Lee JK, Anderson GM, Price
LH. Association between plasma IL-6 response to acute stress and
early-life adversity in healthy adults. Neuropsychopharmacology.
2010;35:2617–2623.

9. Mantzoros CS, Magkos F, Brinkoetter M, et al. Leptin in human
physiology and pathophysiology. Am J Physiol Endocrinol Metab.
2011;301:E567–E584.

10. Yang WS, Lee WJ, Funahashi T, et al. Weight reduction increases
plasma levels of an adipose-derived anti-inflammatory protein, adi-
ponectin. J Clin Endocrinol Metab. 2001;86:3815–3819.

11. Spranger J, Kroke A, Mohlig M, et al. Adiponectin and protection
against type 2 diabetes mellitus. Lancet. 2003;361:226–228.

12. Bostrom P, Wu J, Jedrychowski MP, et al. A PGC1-�-dependent
myokine that drives brown-fat-like development of white fat and
thermogenesis. Nature. 2012;481:463–468.

13. Huh JY, Panagiotou G, Mougios V, et al. FNDC5 and irisin in

doi: 10.1210/jc.2013-3669 jcem.endojournals.org E1059

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 21 September 2016. at 12:08 For personal use only. No other uses without permission. . All rights reserved.

mailto:cmantzor@bidmc.harvard.edu


humans: I. Predictors of circulating concentrations in serum and
plasma and II. mRNA expression and circulating concentrations in
response to weight loss and exercise. Metabolism. 2012;1:1725–
1738.

14. Davis CR, Dearing E, Usher N, et al. Detailed assessments of child-
hood adversity enhance prediction of central obesity independent of
gender, race, adult psychosocial risk and health behaviors. Metab-
olism. 2013;63:233–241.

15. McCullough ML, Feskanich D, Stampfer MJ, et al. Diet quality and
major chronic disease risk in men and women: moving toward im-
proved dietary guidance. Am J Clin Nutr. 2002;76:1261–1271.

16. Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 Compen-
dium of Physical Activities: a second update of codes and MET
values. Med Sci Sport Exer. 2011;43:1575–1581.

17. Zakrzewska KE, Cusin I, Stricker-Krongrad A, et al. Induction of
obesity and hyperleptinemia by central glucocorticoid infusion in
the rat. Diabetes. 1999;48:365–370.

18. Sanip Z, Ariffin FD, Al-Tahami BA, Sulaiman WA, Rasool AH.
Obesity indices and metabolic markers are related to hs-CRP and
adiponectin levels in overweight and obese females. Obes Res Clin
Pract. 2013;7:e235–e320.

19. Lecker SH, Zavin A, Cao P, et al. Expression of the irisin precursor
FNDC5 in skeletal muscle correlates with aerobic exercise perfor-
mance in patients with heart failure. Circ Heart Fail. 2012;5:812–
818.

20. Hee Park K, Zaichenko L, Brinkoetter M, et al. Circulating irisin in
relation to insulin resistance and the metabolic syndrome. J Clin
Endocrinol Metab. 2013;98:4899–4907.

Members have FREE online access to current endocrine  
Clinical Practice Guidelines.   

www.endocrine.org/guidelines

E1060 Joung et al Early-Life Adversity and Adipomyokines J Clin Endocrinol Metab, June 2014, 99(6):E1055–E1060

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 21 September 2016. at 12:08 For personal use only. No other uses without permission. . All rights reserved.


