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Abstract

CONTEXT—The association between depression and inflammation is inconsistent across
research samples.

OBJECTIVE—This study tested the hypothesis that a history of childhood maltreatment could
identify a subgroup of depressed individuals with elevated inflammation levels, thus helping to
explain previous inconsistencies.

DESIGN—Prospective longitudinal cohort study.
SETTING—New Zealand.

PARTICIPANTS—A representative birth cohort of 1,000 individuals was followed to age 32
years as part of the Dunedin Multidisciplinary Health and Development Study. Study members
were assessed for history of childhood maltreatment and current depression.

MAIN OUTCOME MEASURES—Inflammation was assessed by a clinically-relevant
categorical measure of high-sensitivity C-reactive protein (hsCRP >3mg/L), and a dimensional
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inflammation factor indexing the shared variance of continuous measures of hsCRP, fibrinogen,
and white blood cells.

RESUL TS—AIthough depression was associated with high hsCRP (RR=1.45;
95%C1=1.06;1.99), this association was significantly attenuated and no longer significant when
the effect of childhood maltreatment was taken into account. Individuals with current depression
and childhood maltreatment history were more likely to show high hsCRP levels than controls
(N=27; RR=2.07; 95%CI=1.23;3.47). In contrast, individuals with current depression only showed
a non-significant elevation in risk (N=109; RR=1.40; 95%CI1=0.97;2.01). Results generalized to
the inflammation factor. The elevated inflammation levels in depressed+maltreated individuals
were not explained by correlated risk factors, such as depression recurrence, low socioeconomic
status in childhood or adulthood, poor health, or smoking.

CONCLUSIONS—A history of childhood maltreatment contributes to the co-occurrence of
depression and inflammation. Information about experiences of childhood maltreatment may help
to identify depressed individuals with elevated inflammation levels and thus cardiovascular
disease risk.

Major depression is a multi-systemic disorder affecting both brain and bodily functionsZ.
Increasing evidence suggests that inflammation may contribute to the link between
psychological and somatic symptoms in depressed individuals2. For example, depression
and cardiovascular disease often co-occur3,4, and inflammation has been associated with
both conditions5,6. Yet, not all individuals with depression show elevated inflammation
levels5. Those who do, however, could be at highest risk for cardiovascular disease.
Evidence that childhood maltreatment - a major risk factor for depression - predicts adult
inflammation7 led us to test the hypothesis that a history of maltreatment could help to
identify depressed individuals with elevated inflammation levels.

Inflammation may be related to depression through two-way neuro-immunoendocrine
interactions. On the one hand, brain functioning regulates glucocorticoid hormones’
secretion, and glucocorticoids, in turn, can inhibit inflammation processes8. On the other
hand, inflammation reduces glucocorticoid signaling, and reduced glucocorticoid signalling,
in turn, may lead to abnormal brain functioning9. Depressed individuals often show
impaired glucocorticoid signaling10, and may therefore be at higher risk for
inflammation11.

Inflammation is also related to cardiovascular disease, through its involvement in the
pathophysiology of atherosclerosis12. Even mild rises in inflammation levels appear to
predict increased risk of cardiovascular disease in apparently healthy individualsé.
Moreover, therapeutic reduction in inflammation levels decreases cardiovascular disease
risk13. For these reasons, a marker of inflammation — the high-sensitivity C-reactive protein
(hsCRP) - has been recently endorsed as an adjunct to traditional risk-factor screening for
cardiovascular diseasel4.

Inflammation has therefore been hypothesized to partly explain the observed comorbidity
between depression and cardiovascular disease2, two of the leading causes of disability
worldwide. However, studies testing the association between depression and inflammation
have reported inconsistent results5. This inconsistency could be due to heterogeneity in the
etiological pathways leading to a diagnosis of depression. For instance, it is possible that
inflammation could be influenced by etiological factors associated with depression, rather
than by depression itself. Consistent with this hypothesis, inflammation persists in
individuals with a history of depression even when their depressive symptoms are absent15.
Similarly, poor prognosis of heart disease, which can be influenced by inflammation,
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persists in individuals with a history of depression even when depressive symptoms have
been significantly reduced by treatment4.

Initial evidence suggests that depression, inflammation, and cardiovascular disease may
share common origins in early-life stress, such as childhood maltreatment7,16,17.
Experimental research also shows that depressed adults with increased early-life stress have
greater inflammatory response to an acute psychosocial stress challenge than non-depressed
controls, which has been interpreted to suggest that early-life stress might influence long-
term inflammation processes in depressed individuals18. However, it is not clear whether
this experimental finding may translate into clinically-relevant changes in inflammation
levels.

In order to better characterize the heterogeneity of inflammation levels in depressed
individuals, we tested the hypothesis that childhood maltreatment could predict which
depressed adults have clinically-relevant inflammation levels. At age 32, study participants
were too young to show cardiovascular outcomes. Yet, inflammation levels can be used to
predict their risk for future cardiovascular diseasel4.

METHODS

Sample

Participants are members of the Dunedin Multidisciplinary Health and Development Study.
Of infants born in Dunedin, New Zealand, between April 1972 and March 1973, 1,037
children (91% of eligible births; 52% male) participated in the first follow-up at age 3,
constituting the base sample for the longitudinal study. Participants represent the full range
of socioeconomic status in the general population of New Zealand’s South Island and are
primarily white. Assessments have been carried out at ages 3, 5, 7, 9, 11, 13, 15, 18, 21, 26,
and most recently at age 32 when we assessed 972 (96%) of the 1,015 Study members still
alive in 2004-2005.

Childhood Maltreatment

As previously described19, evidence of childhood maltreatment during the first decade of
life (ages 3-11) was ascertained using parental reports, prospective behavioral observations,
and retrospective reports by Study members once they reached adulthood. First, exposure to
maternal rejection (characterizing 14% of Study participants) was assessed at age 3 by
observational ratings of mothers’ interaction with the Study children. Second, exposure to
harsh discipline was assessed at ages 7 and 9 according to parental reports of disciplinary
behaviors. Parents scoring in the top decile of the sample-wide distribution (10% of
participants) were classified as unusually harsh for that time and culture. Third, exposure to
disruptive caregiver changes was assessed through age 11 and defined by two or more
changes of the child’s primary caregiver (6% of participants). Fourth, exposure to physical
abuse through age 11 (4% of participants) was assessed retrospectively at age 26 on the
basis of Study members’ reports of severe physical punishment resulting in lasting bruising
or injury. Fifth, exposure to sexual abuse (12% of participants) was assessed retrospectively
at age 26 on the basis of Study members’ reports of unwanted sexual contact through age 11.
We derived a cumulative exposure index for each child by counting the number of
maltreatment indicators during the first decade of life19: 64% of children experienced no
maltreatment, 27% experienced 1 indicator of maltreatment, and 9% experienced 2 or more
indicators of maltreatment. We previously reported that only the experience of two or more
indicators of childhood maltreatment significantly predicted inflammation in adulthood7.
We therefore compared individuals with two or more maltreatment indicators (hereafter
“maltreated”) to individuals without such a maltreatment history (“non-maltreated”).

Arch Gen Psychiatry. Author manuscript; available in PMC 2010 August 17.



syduasnue|A Joyiny siapun4 JIAd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Danese et al. Page 4

Current Major Depression at age 32

Clinical interviews for the diagnosis of depression at age 32 used the Diagnostic Interview
Schedule (DI1S)20, and followed DSM-1V21. At age 32, the past-year depression prevalence
in the Dunedin cohort was 16% (62% female), which is comparable to the past-year
prevalence of 12% for 15-34 year olds in the National Comorbidity Survey22. Study
members who were depressed at age 32 self-reported mean impairment ratings of 3.57 (SD
=0.99) on a scale from 1 (some impairment) to 5 (severe impairment), reflecting how much
depression interfered with their lives. Of age-32 depression cases, 62% said they sought
mental-health services in the past year, and 31% said they took medication for their disorder.

Adult Inflammation

Physical examinations and venepuncture (always between 4:15-4:45 pm) were conducted at
the age-32 assessment: 92% of the participants (N=892) provided blood samples. Pregnant
women (N=26) were excluded from the reported analyses. We assessed three measures of
inflammation.

High-sensitivity C-Reactive Protein (hsCRP, mg/L ) was measured on a Hitachi 917 analyzer
(Roche Diagnostics, GmbH, D-68298, Mannheim, Germany) using a particle enhanced
immunoturbidimetric assay. We adopted the CDC/AHA definition of high cardiovascular
risk (hsCRP>3mg/L) to identify our risk group14.

Fibrinogen (g/L) was measured on a Sysmex CA-1500 using a fully automated cap piercing
coagulation analyzer (Mahberg, Germany).

White Blood Cells (WBC, x10%/L) were measured on a Sysmex XE2100 automated
hematology analyzer (Kobe, Japan) via flow-cytometry using a semiconductor laser.

We report results for the categorical measure of inflammation, the high hsCRP
(hsCRP>3mg/L), because of its clinically-significant predictive valuel4. In addition, we
found that the continuous measures of (log-transformed) hsCRP, fibrinogen and WBC at age
32 were positively correlated (range r= .20 to .63). A principal-component analysis
identified a single inflammation factor accounting for 59% of the variance in the continuous
measures of these three markers of inflammation?. Given that all three inflammatory
measures index long-term risk for cardiovascular disease23, a common factor takes full
advantage of their predictive values, while minimizing measurement errors of the single
components. Thus, we also report results for this dimensional inflammation factor to
ascertain whether findings transcend categorical versus continuous measurements of
inflammation.

Co-occurring risk factors and potential mediating variables

It is possible that depressed individuals with a history of maltreatment are also characterized
by factors other than maltreatment that could explain their inflammation risk. Therefore, we
considered five alternative explanatory hypotheses.

Recurrent depression history—According to the “depression-history hypothesis,”
depressed individuals with a history of maltreatment may experience earlier onset of
depression and more depressive episodes across the lifespan16. In turn, repeated depressive
episodes might cumulatively affect inflammation risk24. As such, we controlled for history
of recurrent depression, defined as the number of study assessments when members met
criteria for diagnosis of depression. As previously described25, diagnoses of depression at
ages 11, 13, 15, 18, 21, 26, and 32 were made via the then age-appropriate version of the
Diagnostic Interview Schedule20,26,27, and the then-current version of DSM21,28,29.
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Low SES in childhood—According to the “childhood-risk hypothesis,” depressed
individuals with a history of maltreatment may have experienced socioeconomic
disadvantage in childhood30, and childhood socioeconomic disadvantage could affect adult
inflammation31. As such, we controlled for socioeconomic status (SES) in childhood, as
measured repeatedly from birth through age 15 using a scale that placed parents’ occupation
into one of six categories based on education and income associated with that occupation in
data from the New Zealand census32. The variable used in our analyses is the average
across assessments of the highest SES level of either parent.

Low SES in adulthood—According to the “adulthood-risk hypothesis,” depressed
individuals with a history of maltreatment may grow up to be exposed to more
socioeconomic disadvantage in adulthood30, and adult socioeconomic disadvantage could
lead to elevated inflammation levels33. As such, we controlled for SES at the age 32
assessment. Study members’ current or most recent occupation was coded using a 6-point
scale for occupations in New Zealand; homemakers and those not working were rated on the
basis of their educational status according to criteria included in the New Zealand Socio-
economic Index34.

Cardiovascular risk cluster—According to the “health-risk hypothesis,” depressed
individuals with a history of maltreatment may show poorer health in adulthood35, and the
increase in inflammation levels could reflect a cluster of health-risks rather than an influence
of maltreatment specifically on inflammation. As such, we controlled for a cluster of
cardiovascular risk factors. As previously described7, health risk-factor clustering was
assessed by measuring six biomarkers: (i) overweight, (ii) high blood pressure, (iii) high
total cholesterol, (iv) low high-density cholesterol, (v) high glycated hemoglobin, (vi) low
VOomax adjusted for body weight. Study members were “clustered” if they had at least
three of these risk factors.

Smoking—According to the “health-behavior hypothesis,” depressed individuals with a
history of maltreatment are more likely to engage in unhealthy lifestyles like smoking36,
which may, in turn, affect their inflammatory risk. As such we controlled for smoking habits
by dividing Study members into non-smokers, light smokers (up to 10 cigarettes per day),
moderate smokers (11-20), and heavy smokers (>20) according to their self-reports at age
32.

Medications—On the day of the age-32 assessment Study members were assessed for
their use of medications. Here we examined antidepressants and drugs with anti-
inflammatory effect, including systemic steroids, respiratory steroids, non-steroidal anti-
inflammatory drugs, prophylactic aspirin, anti-gout medications, anti-rheumatic
medications, statins, estrogens.

Statistical analysis

To estimate the relative contribution of childhood maltreatment and depression to
inflammation in adulthood, we assigned Study members to one of four groups: (i) current
depression and history of maltreatment (hereafter ‘depressed+maltreated’), (ii) current
depression and no history of maltreatment (‘depressed-only”), (iii) no current depression and
history of maltreatment (‘maltreated-only”), (iv) no current depression and no history of
maltreatment (‘controls’). Controls include people who were not depressed at age 32 when
inflammation was measured, although they could have been depressed in the past.

We tested the association between the study groups and categorical high hsCRP with Cox
regression analysis with constant time of follow-up and robust variance, and the association
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between the study groups and the continuous inflammation factor with ordinary-least-
squares regression analysis. The regression models were expanded to include other
covariates to test alternative explanations for the association between study groups and
inflammation. Sex and medication use were controlled for in all adjusted analyses.

Is depression associated with inflammation?

Depression was associated with inflammation markers (high hsCRP: RR=1.45;
95%C1=1.06;1.99; inflammation factor: b=0.18; 95%C1=0.00;0.36). However, childhood
maltreatment was more common in depressed than in non-depressed individuals (RR=2.40;
95%C1=1.58;3.63), and maltreated individuals had elevated levels of inflammation markers
(high hsCRP: RR=1.71; 95%CI=1.22;2.41; inflammation factor: b=0.36; 95%CI=0.14;0.59).
Therefore, we tested whether a history of childhood maltreatment could explain the co-
occurrence of depression and inflammation. Once the effect of maltreatment history was
taken into account, the association between depression and inflammation markers was
attenuated and no longer significant (high hsCRP: RR=1.35; 95%CI1=0.98,1.86;
inflammation factor: b=0.14; 95%CI=-0.04,0.32). A Sobel-Goodman test confirmed a
statistically significant attenuation of the association between depression and inflammation
markers after adjustment for maltreatment history (reduction of 19.2% for hsCRP, z=2.277,
p=0.023; reduction of 22.2% for the inflammation factor, z=2.451, p=0.014). As a further
test of this observation, we hypothesized that if childhood maltreatment had an important
role in explaining the heterogeneity of inflammation levels in depressed individuals,
elevated inflammation levels would be present in depressed individuals with a history of
maltreatment but not in those without maltreatment history.

Which depressed individuals show increased inflammation?

Table 1 reports the descriptive statistics for inflammatory markers stratified by the four
study groups: controls, depressed-only, maltreated-only, depressed+maltreated. Depressed
+maltreated and, to a lesser extent, maltreated-only individuals were more likely to show
high hsCRP levels and higher mean levels of the inflammation factor than controls. In
contrast, depressed-only individuals showed a non-significant elevation in inflammatory
markers (see also Figure 1).

Are depressed+maltreated individuals different from depressed-only individuals?

We tested whether, within depressed individuals, those with a history of maltreatment had
higher inflammatory risk than individuals without maltreatment. This test was compromised
by low power, as it involved comparing 27 depressed+maltreated individuals to 109
depressed-only individuals. Nevertheless, results are instructive. Individuals with depression
+maltreatment were 1.48 times (95%CI1=0.82;2.68) more likely to show high hsCRP levels
and had higher mean levels of the inflammation factor (0.48 versus 0.07, F=2.88; p=0.09)
than individuals with depression-only, with effect sizes of d=0.26 and d=0.35, respectively.

We also tested whether depressed+maltreated individuals differed from depressed-only
individuals in their depressive symptoms’ profile. We found no systematic difference in
symptom presentation (Table 2), suggesting it is not possible to infer maltreatment history
from depressive symptoms’ profile alone.

What is the role of other known risk factors for inflammation?

Consistent with the “depression-history hypothesis,” depressed+maltreated participants were
more likely to have experienced multiple depressive episodes (Table 1). In turn, individuals
with recurrent depression showed non-significant elevation in risk for high hsCRP
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(RR=1.11; 95%CI1=0.94,1.31) and significantly elevated mean levels of the inflammation
factor (b=0.09; 95%CI1=0.00,0.17). However, after controlling for recurrent depression
history, the association between age-32 depression+maltreatment and inflammation markers
remained significant (Table 3, Model 3).

Consistent with the “childhood-risk hypothesis,” depressed+maltreated participants were
more likely to have grown up in low-SES families (Table 1). In turn, low childhood SES
was associated with elevated inflammation in adulthood (high hsCRP: RR=1.36;
95%C1=1.09,1.68; inflammation factor: b=0.26; 95%CI=0.15,0.37). However, after
controlling for the effect of childhood SES, the association between depression
+maltreatment and inflammation markers remained significant (Table 3, Model 4).

Consistent with the “adulthood-risk hypothesis,” depressed+maltreated participants were
more likely to have low adult SES (Table 1). In turn, low adult SES was associated with
elevated inflammation in adulthood (high hsCRP: RR=1.17; 95%CI1=1.00,1.38;
inflammation factor: b=0.13; 95%CI1=0.05,0.21). However, after controlling for adult SES,
the association between depression+maltreatment and inflammation markers remained
significant (Table 3, Model 5).

Turning to the “health-risk hypothesis,” we found that the prevalence of the cardiovascular
risk cluster did not differ across study groups (Table 1). The cardiovascular risk cluster was
associated with elevated inflammation in adulthood (high hsCRP: RR=2.39;
95%CI=1.84,3.10; inflammation factor: b=0.87; 95%CI=0.70,1.04). After controlling for
cardiovascular risk clustering, the association between depression+maltreatment and
inflammation markers remained significant (Table 3, Model 6).

Consistent with the “health-behavior hypothesis,” depressed+maltreated participants were
more likely to smoke (Table 1). In turn, smoking was associated with elevated mean levels
of the inflammation factor (b=0.13; 95%CI1=0.06,0.20), but was not associated with the risk
for high hsCRP levels (RR=0.98; 95%CI=0.84,1.13). After controlling for smoking, the
association between depression+maltreatment and inflammation markers remained
significant (Table 3, Model 7).

CONCLUSIONS

This study addressed the possible developmental origins of heterogeneity in inflammation
markers’ levels among depressed individuals. The results suggest that a history of
maltreatment has a significant role in explaining the co-occurrence of depression and
inflammation in adulthood. Information about experiences of childhood maltreatment may
help to identify depressed individuals with elevated inflammation levels and thus greater
cardiovascular disease risk.

These new findings should be evaluated alongside several limitations. First, findings from
this New Zealand cohort require replication in other studies and in different ethnic groups.
However, given the consistent effect of childhood maltreatment in explaining depression
heterogeneity with regard to other stress biomarkers37-40, there is reason to believe that our
results may be replicated in other settings. Second, lacking measures of inflammation
markers before the onset of depression, we are unable to test the direction of the effect.
Future research should address this issue. Third, although childhood maltreatment appeared
to predict elevated inflammation levels in depressed individuals, some depressed individuals
with elevated inflammation had not been maltreated. Further studies are needed to uncover
other factors contributing to the heterogeneity of inflammation markers’ levels in
depression. Nevertheless, the current results may have implications for research, psychiatric
nosology, and clinical practice.
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With regard to research implications, the present findings help to reconcile previous
puzzling evidence about the relationship between depression and inflammation, such as the
inconsistency of this association across samples and the persistence of inflammation and
cardiovascular disease risk in individuals with a history of depression but no current
depression4,5,15. We showed that current depression diagnosis alone was less likely to be
related to inflammation risk, but current depression and maltreatment history combined
appeared to be good predictors of inflammation levels. Moreover, even in the absence of a
current depression diagnosis, maltreatment history alone still conferred an elevated risk for
clinically-relevant inflammation levels (see Table 1 and Figure 1). This suggests that
previous inconsistencies across studies could be due to variation in the prevalence of
childhood maltreatment in different samples. Results also suggest that elevated
inflammation levels and cardiovascular disease risk observed in individuals with a history of
depression but no current depression may be due to the long-term effect of childhood
maltreatment7,17.

With regard to implications for psychiatric nosology, our study adds to a growing body of
research suggesting that childhood maltreatment could identify a subgroup of depressed
individuals characterized by multiple markers of abnormal stress response. Table 4
summarizes findings from three lines of research. First, reduced volume of the hippocampus,
a brain region regulating the extinction of the stress response, has been shown in depressed
+maltreated individuals compared to controls, but not in depressed-only individuals40.
Second, greater neuroendocrine response to a psychosocial stress test and insufficient
glucocorticoid signalling have been reported in depressed+maltreated individuals compared
to controls, but not in depressed-only individuals37-39. Third, consistent with previous
experimental evidencel8, in the present study we report that depressed+maltreated
individuals were twice as likely to show clinically-relevant levels of hsCRP compared to
control individuals, while depressed-only individuals showed a non-significant increase in
the risk for high hsCRP. It is possible that a subgroup of depressed individuals with stressful
developmental experiences is at highest risk for future disease. Further studies are needed to
better characterize individuals with this “developmental-stress” subtype of depression.

With regard to implications for clinical practice, our results support the importance of
collecting information about childhood maltreatment from depressed individuals. Indeed, in
our cohort the information conveyed by maltreatment history was not captured by
information about symptom presentation during the depressive episode (see Table 2).
Moreover, we showed that other commonly assessed factors with potential influence on
inflammation processes do not account for the effect of childhood maltreatment on adult
inflammation in depressed individuals (see Table 3). For these reasons, we suggest that
routine assessment of maltreatment history could provide clinicians with necessary
information to identify depressed individuals with elevated risk of inflammation and
potentially poor health. In turn, the early recognition of the health risk associated with
maltreatment history might help to address pressing needs for the care of depressed
individuals, such as the reduction of the impact of depression on comorbid medical illness1.
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FIGURE 1.

Differences in effect size (Cohen’s d) units resulting from a priori defined contrasts between
controls and other study groups. Effect sizes are commonly interpreted as small when equal
to 0.2, moderate when equal to 0.5, and large when equal to 0.8. The “depressed-only
individuals versus controls” contrast showed effect sizes of d=0.12 for the inflammation
factor, d=0.07 for (log) hsCRP, d=0.16 for fibrinogen, and d=0.06 for white blood cells
(WBC). The “maltreated-only individuals versus controls” contrast showed effect sizes of
d=0.29 for the inflammation factor, d=0.28 for (log) hsCRP, d=0.19 for fibrinogen, and
d=0.22 for WBC. The “depressed+maltreated individuals versus controls” contrast showed
effect sizes of d=0.48 for the inflammation factor, d=0.29 for (log) hsCRP, d=0.45 for
fibrinogen, and d=0.40 for WBC.
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TABLE 2
Descriptive psychopathology of the current depressive episode in depressed-only and depressed+maltreated
individuals
Depressed- | Depressed+
only maltreated
(N=109) (N=27)
Depressive symptoms
1. Depressed mood, % (n) 94% (102) 78% (21) X?=6.25, p=0.01
2. Diminished interest, % (n) 74% (81) 89% (24) X?=2.61, p=0.11
3. Appetite / weight changes:
3a. less appetite / weight loss, % (n) 69% (75) 67% (18) X?=0.05, p=0.83
3b. more appetite / weight gain, % (n) 33% (36) 33% (9) X?=0.00, p=0.98
4. Sleep changes:
4a. sleep deficit, % (n) 76% (83) 93% (25) X?=3.58, p=0.06
4Db. sleep excess, % (n) 31% (34) 30% (8) X?=0.02, p=0.88
5. Psychomotor changes, % (n) 80% (87) 93% (25) X?=2.43, p=0.12
6. Fatigue, % (n) 93% (101) 93% (25) X?=0.00, p=0.99
7. Guilt / worthlessness, % (n) 59% (64) 89% (24) X?=8.63, p=0.003
8. Concentration problems, % (n) 95% (103) 93% (25) X?=0.14, p=0.71
9. Thoughts of death, % (n) 45% (49) 59% (16) X?=1.77, p=0.18
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