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Abstract
C-reactive protein (CRP), an inflammatory marker of cardiovascular risk, is often elevated in major
depressive disorder (MDD). The magnitude and consistency of this elevation have not been
previously characterized in premenopausal women with MDD. The aim of the study was to
prospectively assess plasma CRP levels, body composition, endocrine and metabolic parameters,
and depressive status in premenopausal women with MDD (n = 77) and controls (n = 41), aged 21
to 45. Women were enrolled in a 12-month, controlled study of bone turnover, the P.O.W.E.R.
(Premenopausal, Osteoporosis, Women, Alendronate, Depression) Study. Blood samples were taken
at Baseline, Month 6, and Month 12. Most subjects with MDD were in clinical remission. These
women tended to have consistently higher CRP levels than controls over 12 months (p = 0.077). BMI
was positively related to log[CRP] in women with MDD only. Nine women with MDD had CRP
levels greater than 10 mg/l, a value associated with a very high cardiovascular risk. This subset was
obese and had significantly higher triglycerides, total cholesterol, LDL-cholesterol, fasting insulin,
and HOMA-IR than the rest of women with MDD. The variations in CRP levels over time were high
(intra- and inter-individual coefficients of variations of ∼30–50% and ∼70–140%, respectively). No
control had CRP levels greater than 10 mg/l. Depression was associated with increased plasma CRP
in women with MDD. The clinical significance of abnormal plasma CRP for cardiovascular risk
needs to be assessed in large prospective studies of women with depression.
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Introduction
Major depression (MDD) is more common in subjects with coronary artery disease (CAD)
than in the general population, with prevalence ranging from 17 to 30% [1–3]. Depression may
be predictive of CAD [4–6], although life style factors such as poor diet, lack of exercise,
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excessive smoking, and poor compliance with medical treatment may also contribute. Sub-
clinical inflammation may also cause CAD: subjects with depression often exhibit immune
imbalance, altered endothelial function, and other inflammatory features [7]. We previously
reported that premenopausal women with MDD had increased levels of prothrombotic factors
[8], which may induce coronary or aortic calcification and plaque formation [9,10].

C-reactive protein (CRP), a nonspecific marker of inflammation, is now regarded as a risk
factor for cardiovascular events and abnormal CRP added prognostic value to the 10-year
Framingham risk score estimates, which is based on total cholesterol, HDL cholesterol,
smoking, and systolic blood pressure [11]. Recently, it has been proposed to include CRP as
a clinical criterion for the metabolic syndrome as well [12].

In the Women's Health Study, a large, prospective study, CRP values were stronger predictors
of first time cardiovascular events than LDL cholesterol levels [13]. Elevated plasma levels of
CRP have been observed in a cross-sectional fashion in subjects with depression [14–25], but
the existence of a causal relationship between depression and CRP remains controversial
[26]. More recently, not only depression per se but also personality traits that increase the
susceptibility to develop depression, such as harm avoidance and self directness have been
associated with increased CRP in women [27]. However, no such association was found in the
Heart and Soul Study, a large, cohort study of elderly men and women with coronary artery
disease [28]. Similarly, CRP levels and depressive status were not related to each other in a
large sample of middle-aged and older Chinese men [29]. It is possible that demographic factors
such as age, sex, and ethnicity modulate and potentially confound the association between
depression and CRP. Although young to middle-aged Caucasian women with past history of
depression greatly contribute to the life-time prevalence of depression in the general population
[30], prospective information for supporting a causal link between CRP levels and MDD in
this group is limited.

CRP is being proposed as a marker clinically useful for following prospectively subjects with
cardiovascular conditions, however, only limited information on the variability of CRP over
time exists. The reported variability over a week is approximately 30–50%, underlining the
importance of performing serial sampling, especially if the values are in a high range [31]. Of
note, a diurnal variation in CRP levels with a peak at 15:00, as well as a small seasonal variation
with highest values at winter-time were recently noted in a 45-year old population of a large
cohort study of healthy men and women [32].

The goal of this study was to prospectively assess whether premenopausal women with MDD,
most in clinical remission, have abnormal CRP levels over an extended period of time. To
accomplish this goal we measured CRP levels at Baseline, Month 6, and Month 12 in a sample
of 21–45 years old women with history of MDD and in age-matched healthy controls.

Materials and Methods
Study design

This ancillary study was conducted as part of the P.O.W.E.R. (Premenopausal, Osteoporosis,
Women, Alendronate, Depression) Study, a prospective trial of bone turnover in 21–45 years
old premenopausal women with MDD and controls. Recruitment was conducted from July 1,
2001 to February 29, 2003 in the Washington, DC, metropolitan area. Further details on study
design have been reported elsewhere [8,33]. The study was approved by the Scientific Review
Board and the Institutional Review Board of the National Institute of Mental Health.
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Study subjects
A total of 89 women with MDD and 44 healthy control women participated in the POWER
study. Recruitment for both the experimental and the control group was conducted in the
Washington, DC, metropolitan area by advertising in newspapers, radio, internet, and flyers.
Forty-four control women were individually matched with a subset of 44 patients with MDD
based on age (± 3 years) and BMI (± 2.0). Except for 2 pairs, all other pairs were also matched
by self-defined race. Women with depression were enrolled if they met DSM-IV criteria for
MDD and had experienced a depressive episode in the preceding three years. Current
depression was defined as a depressive episode diagnosed up to 1 month prior to enrollment
with severity assessed by the Hamilton Depression (HAM-D, 24 questions) and Hamilton
Anxiety scales. None of the participants had clinical CAD, as assessed by history and clinical
examination.

We report here on a subset of participants (77 subjects with MDD and 41 controls) who had
baseline CRP measurements. Of these, 64 subjects with MDD and 35 controls had also CRP
measurements at Month 6 and/or at Month 12. Although the subset was based on serum
availability, there were no clinical differences between subjects who had multiple CRP
measurements and the subjects who did not (data not shown).

Procedures
Participants were evaluated at Baseline, Month 6, and 12 Month. At Baseline, the Structured
Clinical Interview for DSM-IV was administered. At each visit, they received a history,
physical examination, and laboratory screening with fasting blood and 24-h urine collection.
Waist circumference, bone mineral density (BMD), and body composition (fat and lean mass)
were measured as previously described [33]. The Hamilton scale for depression and for anxiety
was administered at Baseline, Month 6, and Month 12.

Blood and urine tests
Fasting blood was collected between 8 and 10 AM. All laboratory tests were performed at the
Department of Laboratory Medicine, CC, NIH and had inter/intra-assay imprecision of <10%.
We used a high sensitivity chemiluminescent immunometric assay for CRP with a detection
limit of 0.1 mg/l (Immulite 2000, Siemens/DPC, Los Angeles, California, USA). Serum
cortisol and urinary free cortisol (UFC) concentrations were measured using competitive
chemiluminescent immunoassays (Immulite 2000). Plasma ACTH and serum insulin were
measured by chemiluminescent immunometric assays (Immulite 2000). Insulin resistance was
calculated using homeostasis model assessment for insulin resistance (HOMA-IR). Lipid
parameters (total cholesterol, LDL-C, HDL-C, and triglycerides), and glucose were assayed
by routine chemistry methods on automated analyzers (Synchron LX-20, Beckman-Coulter,
Brea, California, USA).

Statistical analysis
We assessed normality by the Kolmogorov–Smirnov test and log transformed the CRP values
because of their skewed distribution. We plotted the frequency distribution of CRP values in
women with MDD and controls and performed an independent sample t-test for differences in
distributions. We tested associations between log CRP and psychiatric, metabolic, and
hormonal variables by Pearson and Spearman correlations. We used ANOVA or t-test for
continuous variables and Chi-square or Fisher exact test for categorical variables. We used an
analysis of covariance to examine the relationships among CRP, BMI, and MDD. Inter- and
intra-coefficient of variations (CV) were computed for CRP on subjects who had more than 1
measurement over time. Differences in log CRP levels between control women and women
with MDD were assessed nonparametrically using the Mann–Whitney U-test. We further
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analyzed the relationship between BMI and log CRP levels by linear regression. We set the p
value at 0.05 with 2-sided level of significance. We report all data as mean ±SD.

Results
Characteristics of study subjects

Table 1 describes the demographic and clinical characteristics of healthy control women and
women with MDD. The two groups were similar for demographic parameters. Regarding
psychiatric parameters, the patients with MDD were mildly depressed at the time of
examination, as indicated by low Hamilton depression and anxiety scores, which capture these
parameters over the previous 2 weeks. These patients had, on average, a cumulative history of
depression of approximately five years and five episodes of depression. Age of onset of
depression was in the late teens and one-half of the patients with MDD also suffered or had
previously suffered from anxiety disorders. Eighty-four percent of these women were taking
antidepressants. The metabolic and endocrine characteristics of study subjects are shown in
Table 2. It is apparent that, despite similar demographic characteristics, BMI, waist
circumference and some of the lipid parameters were significantly higher in women with MDD
than in controls. The distribution of BMI values was different between groups: 4 out 41 (10%)
of controls and 24 out of 79 (30%) of women with MDD had a BMI greater than 30.

CRP Levels in women with MDD and control women at baseline and over a 12-month follow-
up

CRP levels at Baseline are depicted in Fig. 1. Since CRP levels do not follow a Gaussian
distribution, it was deemed appropriate to analyze the data by box plots (Fig. 1A) and percentile
distribution (Fig. 1B). We found CRP levels above 10 mg/l, a value associated with a markedly
increased cardiovascular risk, in 9 women with depression but in none of the controls. In
addition, women with MDD showed a greater spread in the distribution of CRP values above
the median and a greater number of outlier values. An independent sample t-test performed on
log-transformed CRP levels showed a trend (p = 0.077) towards higher values in women with
MDD. Mixed models analysis using data from all visits yielded similar results (data not shown).
Above the 75th percentiles, CRP levels were more than twice as high in women with MDD as
in controls (inset to Fig. 1B).

Individual CRP levels obtained over a 12-month period are depicted in Fig. 2. In the majority
of controls (Fig. 2A), CRP levels were below 2 mg/l at Baseline and remained below this value
at Month 6 month and at Month 12. Only a minority of controls, approximately one-quarter,
at Baseline had CRP levels between 2 mg/l and 7 mg/l, representing moderate to high
cardiovascular risk. In these subjects there was a more accentuated variability over time
compared to the rest of the controls, up to 3-fold baseline values.

Similar to control subjects, approximately one-fourth of women with MDD had CRP values
above 2 mg/l but, unique to this group, several of these women had CRP values greater than
10 mg/l, which carries a markedly increased cardiovascular risk (Fig. 2B). Furthermore, as
evident from visual inspection in most of the subjects who had CRP values above 10 mg/l at
Baseline, CRP levels remained above 10 mg/l at Month 6 and Month 12. The variability over
time in CRP levels was accentuated in these subjects, several-folds the baseline values. Of
note, in women with MDD the Hamilton's score for depression, expressed as mean and 95%
confidence intervals (CI) were low, indicating clinical remission and remained low over time.
Specifically, Baseline mean was 9.1; 95% CI: 7.6–10.6, Month 6 mean was 9.5; 95% CI 7.6–
11.3, and Month 12 mean was 9.1; 95% CI 7.3–10.9.
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Inter- and intra-individual variability of CRP measurements
Table 3 reports the mean and standard deviation, the range and the inter-individual CV for CRP
in control women and in women with MDD who had at least 2 CRP measurements over a 12-
month period. Likely due to the large inter-individual variations, CRP levels in MDD subjects
were weakly to borderline significantly higher over controls only at Baseline and at 12 months
(Table 3). The inter-individual CVs were similar whether subjects with 2 or 3 CRP
measurements or only subjects with 3 CRP measurements were included in the calculations.
Furthermore, the inter-individual CVs were similar among controls and MDD patients and
ranged from ∼70% to ∼140% (Table 3). The intra-individual CVs were also similar between
groups, but they amounted only to less than half of the inter-individual CVs. In control women,
the intra-individual CVs averaged 42% (range, 0–139, n = 35) for all cases and 50% (range,
0–139, n = 20) for cases with all 3 CRP determinations. In patients with MDD, the intra-
individual CVs averaged 39% (range, 0–159, n = 64) for all cases and 41% (range, 0–159, n
= 50) for cases with all 3 CRP determinations.

Relationship between CRP Levels and BMI
We further explored in each group the relationship between CRP and BMI by performing a
regression analysis of BMI versus log CRP values (Fig. 3). In women with depression BMI
was strongly related to CRP and accounted for 39% of the variability in log CRP levels (R2 =
0.39; p < 0.0001). In contrast, no relationship was found between these two factors in healthy
control women. CRP was significantly related to MDD (p = 0.01) and BMI (p = 0.01) and there
was a significant interaction between MDD and BMI (p = 0.009).

Subset analysis of women with ≥ 10 mg/l CRP
The subset of women with MDD who had unusually high (≥ 10mg/l) CRP levels was
approximately 3 years younger, did not smoke, more often used the birth control pill, tended
to have a lower alcohol intake, and covered a shorter distance in the Cooper test (Table 1).
These women were also heavier and had greater waist circumference and higher fat mass,
fasting insulin, HOMA, triglycerides, total cholesterol, and LDL cholesterol, all alterations
reminiscent of the metabolic syndrome (Table 2). Eight AM plasma ACTH, and 24-h UFC
were similar in the two groups, while 8 AM cortisol tended to be higher in the subset of women
with MDD and unusually high CRP levels. Of note is that indices of MDD in the subset were
similar to the rest of the women with MDD (Table 1).

Discussion
Premenopausal women with MDD, most in clinical remission, had higher CRP levels than age-
matched healthy control women during a 12-month follow-up. Furthermore, CRP levels were
above 10 mg/l, a level associated with high cardiovascular risk, in a subset of women with
depression and in none of the controls [34]. BMI was directly related to CRP in women with
depression but not in control women, suggesting a synergy between adiposity and BMI in
patients with MDD. Depressive symptoms in obese men are known to increase the association
between weight and CRP [35].

Apart from MDD in the study group, our sample consisted of healthy women, relatively young,
and of higher educational status. There were few smokers and alcohol intake was modest.
Higher CRP levels in women with MDD were associated with slightly lower alcohol intake
than in controls. However, none of the women with MDD and high CRP levels were current
smokers. Smoking is known to increase CRP levels [36]. Given the similar demographic
characteristics of the MDD and control study subjects, the increased CRP levels in women
with MDD are unlikely related to different life style habits, except for a possible minor effect
of lower alcohol intake [37].
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Abnormal CRP suggests sub-clinical inflammation, which has been often associated with
severe depression, but rarely reported in milder forms of depression or in young and clinically
healthy subjects. Of note, the increase in CRP levels reported here was not an isolated
phenomenon but rather was part of an unfavorable immune and inflammatory profile, which
includes plasma as well as sweat increases in the proinflammatory cytokines TNF alpha, IL-2,
IL-6, IL-8, and in the neuropeptides NPY, SP and CGRP, as we have recently reported in a
related publication [38]. This finding is consistent with a prospective 12-month study in which
apparently healthy subjects with high CRP levels also had high levels of other inflammatory
markers such as plasminogen activator inhibitor-1, MMP-9, fibrinogen, as well as LPS-
stimulated IL-1 beta, IL-6, and TNF [39].

In the Women's Health Study, a large, prospective cohort study of initially healthy women,
elevated CRP levels had similar or better predictive values than lipids for cardiovascular events
and stroke [34]. In the same study, CRP was associated with an increased risk of hypertension
[40]. It is now believed that CRP contributes to global cardiovascular risk as much as total
cholesterol, and HDL or LDL cholesterol [41].

Mostly due to a subset, women with MDD had higher BMI, waist circumference and fat mass
than controls and, within the depressed group, subjects with higher BMI were those who had
higher CRP. Although free of clinical diabetes, the subset of women with MDD and unusually
high (≥ 10mg/l) CRP level had higher fasting insulin and HOMA index, an accepted indicator
of insulin resistance. They also had higher triglycerides and total and LDL cholesterol. The
higher BMI associated with greater waist circumference and fat mass is particularly important
because the adipose tissue is a documented source of cytokines, including IL-6 [42], a main
regulator of CRP production in the liver. Our observation that many of the women with MDD
had at least some of the components of the metabolic syndrome is consistent with findings of
the NHANES Study [43]. In that study, women with depression had two times higher rates of
metabolic syndrome than controls.

Most women with MDD (84%) were taking antidepressants at the time of our study. Treatment
with antidepressants has been associated with modest weight gain; tricyclics usually cause a
dose- and duration-dependent weight gain of approximately 3–4kg, whereas the effects of
SSRIs are more variable as they are characterized by an initial weight loss, followed by a
modest weight gain of approximately 2 kg after 1 year of treatment [44]. Substantial inter-
individual variability to weight gain is observed. The most common antidepressant drug in our
study of women with MDD involved the use of selective serotonin uptake inhibitors (SSRIs),
therefore it is possible that part of the weight gain in these women was due to these drugs.
Given the long-term nature of this study it would have not been feasible to follow these subjects
off medication.

The clinical usefulness of consecutive CRP measurements and their tempo is currently the
object of active debate. In a large prospective cohort study of initially healthy middle-age
women, high sensitivity CRP levels were independently associated with future cardiovascular
events with odds ratio of approximately 3 [45]. In contrast, the clinical utility of CRP in patients
with acute coronary disease in predicting future cardiovascular events was limited [46]. To our
knowledge, no prospective measurements of CRP have been conducted over an extended
period of time in this specific patients population, women with MDD, although measurements
taken 6 days apart in a similar population have been found to be stable [21]. Measuring CRP
at 6 months interval for 12 months in women with depression and in healthy controls allowed
us to make a number of clinically relevant observations. As far as women with MDD are
concerned, we learnt that at least a subset harbored for an extended period of time high
cardiovascular risk, as indicated by high CRP levels. We also noticed that even in a group of
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apparently healthy subjects, some individuals had consistently CRP values above 3, which is
in the range of high cardiovascular risk.

Consistent with previous reports of CRP measurements over time [31,47], the intra-individual
CVs for CRP were large, between 30% and 50% on average, in our study as well. Therefore,
as a valid alternative to sampling each individual more than once in order to determine the
typical value for that individual we suggest to re-test only subjects with a high initial value.
For this population of premenopausal women mostly on the birth control pill, a factor known
to increase CRP levels, the proposed “high value” would be greater than 2mg/l. As expected,
the inter-individual CVs for CRP were even higher (about 2-times) than the intra-individual
CVs, amounting to about 70–140 %. The large biological variation in CRP levels necessitates
large-scale studies for obtaining reliable results.

We identified a subset with unusually high CRP levels (≥ 10mg/l). Given the small size of this
subgroup and the non-normal distribution of CRP, it is not clear whether this phenomenon was
simply a sampling issue or whether some women with MDD are more susceptible to increased
CRP levels, possibly because of a genetic predisposition. Recently, polymorphisms of the CRP
gene have been reported, contributing to inter-individual variability in CRP levels and
increased cardiovascular risk [48]. In future studies, women with depression and elevated CRP
levels should be prospectively followed to monitor the rate of cardiovascular events. Although
only women with depression had markedly elevated CRP levels, it is also difficult to ascertain
whether these high CRP levels were due to depression or increased BMI or to a synergy between
the two factors. Further, because of the different BMI distribution in the two groups, it is not
possible to exclude the presence of a similar relationship between BMI and CRP at the higher
BMI values in otherwise healthy women.

The strengths of our study include the fact that this population was homogenous and well
characterized and we analyzed the relationship between CRP and depression prospectively.
The 12-month follow-up was longer than in most studies. Since the intra-individual variability
of CRP levels over time is approximately 30–50% and the distribution is wide and skewed, it
was important to perform determinations of CRP over an extended period of time [47], as well
as accounting for seasonality. A seasonal variation in CRP levels, albeit small, has been
reported [32,49]. Since our healthy controls and patients were both enrolled randomly
throughout the year, a seasonal effect is an unlikely factor of our conclusions. Although we
performed single time-point measurements, CRP has a relatively long half-life (19h), and is
therefore subject only to a small diurnal variation [32,50]. While diurnal variations can make
the time of sample collection important, our blood samples were consistently collected between
8 and 10 AM. Another study merit was that trained interviewers made the diagnosis of
depression using an accepted, standardized method with DSM-IV criteria, while some of the
previous studies used only self-reporting diagnoses.

Nevertheless, this ancillary study also had limitations. Sample size was relatively small.
Because of the prospective study design, it would have been unethical to take our subjects off
their antidepressant treatment. Consequently, we could not evaluate the effects that
antidepressant use per se may have had on CRP. Antidepressant treatment is associated with
reduction in CRP level [51], therefore most likely CRP would have been higher had these
subjects not been treated for depression.

In conclusion, premenopausal women with depression exhibited clinically significant increases
in CRP levels. Given the high prevalence of depression in the general population, our findings
of elevated CRP levels in premenopausal women with MDD may have major public health
implications. Approximately 16% of the 134 million US women between the ages of 21 and
45 are or have been suffering from MDD [8]. Hence millions of women currently may have
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abnormal CRP levels conferring a moderate to major increase in cardiovascular risk, especially
when associated with obesity. The results of our study suggest that CRP should be measured
in women with depression, especially if overweight, together with traditional assessments of
cardiovascular risk factors. Since dieting is effective in lowering CRP levels [52], weight loss
should be recommended even in moderately overweight women with depression, especially if
they have higher CRP levels and/or other cardiovascular risk factors. The cardiovascular
consequences of CRP elevations in premenopausal women with mild depression should be
further characterized in large prospective studies, preferably with repeat CRP measurements
over time.
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Fig. 1.
Analysis of baseline CRP levels in women with MDD and healthy control women. A. Box
plots showing median, quartiles, and extreme values. The box represents the values between
the 25th and 75th percentiles. The horizontal bar across each box represents the median value.
Asterisks represent extreme values (values more than 3 box lengths from the upper edge of
box). Open circles represent outliers (values between 1.5 and 3 box lengths from upper edge
of box). One depressed subject with high CRP levels (29.3 mg/l) had reported recovery from
an acute infection at the time of visit and was therefore excluded from the analyses. B.
Percentile distribution of CRP values. CRP values for select percentiles are shown in the inset
table. At the uppermost percentile (75th), women with MDD have CRP levels over twice as
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high as control women. The dashed line marks the CRP level of 10 mg/l above which there are
only MDD subjects.
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Fig. 2.
Individual plots of CRP values at Baseline, Month 6, and Month 12. Only subjects with at least
2 prospective measurements of CRP are plotted. Heavy lines indicate beginning of moderate
(> 1–3 mg/l) and high (>3 mg/l) cardiovascular risk CRP levels.
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Fig. 3.
Regression analysis of BMI versus CRP baseline levels in control women and in women with
MDD. BMI was related to CRP in women with depression (R2 = 0.39; p < 0.0001) but not in
control subjects. Three women with MDD had CRP values greater than 14 mg/l and these
values were equated to 14 mg/l for graphical reasons. Results were similar at Month 6 and
Month 12 (data not shown)
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Table 1

Demographic and clinical characteristics of healthy control women and women with MDD at baseline
Controls (n = 41) All MDD (n = 77) MDD with CRP

< 10 mg/l (n = 68)
MDD with CRP
≥ 10 mg/l (n = 9)

Demographic Characteristics

Age (years) 35.2 ± 7 35.5 ± 7 35.8 ± 7 32.8 ± 6

Race: white (%) 90 90 88 100

Current smoker (%) 10 12 13 0

Birth control pill use (%) 37 30 27 56

Years of education 16.4 ± 2.1 16.6 ± 1.9 16.6 ± 2.0 16.4 ± 1.5

Estimated alcohol intake (g/day) 7 ± 12 5 ± 6 5 ± 6 3 ± 2

Cooper test (cumulative meters) 1428 ± 267 (n = 20) 1300 ± 331 (n = 36) 1314 ± 345 (n = 32) 1186 ± 160 (n = 4)

Psychiatric Characteristics

Hamilton depression score 1.5 ± 2† 9 ± 7† 9 ± 7 7 ± 6

Hamilton anxiety score 1.4 ± 2† 7 ± 5† 7 ± 5 5 ± 3

Age of onset of depression (years) N/A 19.5 ± 9 (n = 49) 19.3 ± 9 (n = 42) 20.4 ± 7 (n = 7)

Number of depressive episodes N/A 5 ± 3 (n = 49) 5 ± 3 (n = 42) 4 ± 3 (n = 7)

Cumulative duration of depression
(months)

N/A 62 ± 70 (n = 49) 65 ± 73 (n = 42) 46 ± 43 (n = 7)

Antidepressant use (%) N/A 84 82 100
Values are expressed as mean ± SD. N/A: not applicable.

†
Significant at α = 0.05, p < 0.0001
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