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Abstract	  

	  

Depression	  in	  the	  perinatal	  period	  is	  a	  common	  disorder.	  Post	  partum	  depression	  affects	  

approximately	  12	  %	  of	  newly	  delivered	  women	  and	  may	  have	  severe	  consequences	  for	  

both	  parent	  and	  child.	  	  Multiple	  hormones	  are	  altered	  during	  pregnancy	  and	  in	  

depressive	  disorders	  including	  hormones	  part	  of	  the	  hypothalamic-pituary-adrenal axis.	  	  	  

The	  cortisol	  awakening	  response	  (CAR)	  has	  shown	  to	  be	  altered	  in	  various	  psychiatric	  

disorders	  including	  depression.	  	  According	  to	  previous	  studies	  basal	  cortisol	  levels	  are	  

elevated	  and	  CAR	  present	  during	  pregnancy.	  	  	  	  

This	  article	  investigates	  weather	  CAR	  has	  a	  different	  pattern	  in	  depressed	  pregnant	  

women	  compered	  to	  non-‐depressed	  pregnant	  women.	  	  The	  article	  is	  a	  minor	  

contribution	  to	  the	  BASIC	  project,	  a	  population	  based	  cohort	  study	  in	  the	  county	  of	  

Uppsala	  Sweden,	  investigating	  several	  possible	  variables	  affecting	  perinatal	  depression.	  

Morning	  saliva	  was	  sampled	  at	  0,	  15,	  30,	  45	  minutes	  post	  awakening	  from	  women	  in	  

gestation	  week	  37-‐40	  and	  analyzed	  regarding	  cortisol	  concentration.	  	  	  	  

Depressed	  pregnant	  women	  presented	  a	  clear	  CAR	  while	  non-‐depressed	  women	  lacked	  

CAR.	  	  	  

The	  article	  also	  investigates	  the	  CAR	  pattern	  in	  previously	  depressed	  pregnant	  women	  

compared	  to	  previously	  non-‐depressed	  pregnant	  women,	  where	  the	  latter	  lacked	  CAR.	  

The	  results	  are	  opposite	  to	  earlier	  studies	  and	  needs	  to	  be	  interpreted	  with	  caution.	  	  
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1 Introduction 

 

A depression diagnosis affects one in five people while the incidence is 2-3 times higher in 

women than in men (Gutierrez-Lobebs et al.,2002;Sloan and Kornstein, 2003. The pathology 

of depression is not yet fully understood but possibly involves a combination of 

neurotransmitter disturbances, hormone dysregulation, psychosocial and genetic factors 

(Kalia, 2005; Nestler et al., 2002). Stress is the most common preceding factor for developing 

a major depression, in up to 85 % of cases (Parker et al, 20033). It leads to an alteration of the 

hormones of the hypothalamic-pituary-adrenal axis, especially cortisol, corticotropin releasing 

hormone and adrenocorticotropic hormone (Brummelte et al, 2010). In melancholic 

depression patients show a hypersecretion of cortisol leading to a higher basal level but with a 

flattened diurnal pattern (Parker et al, 2003).  

 

Postpartum depression (PPD) is defined as an episode of major depression debuting within 

four weeks after delivery (DSM-IV-TR, 2000), though debut within a year after giving birth is 

a more commonly used time span. The Swedish prevalence of PPD is approximately 12 % 

among newly delivered women ( Rubertsson et al.,2005; Skalkidou et al.,2009), which is in 

the same range as other populations (Gavin et al., 2005).  Over the lifespan, the period during 

the womens childbearing years, and especially during the postpartum period, is considered the 

greatest risk factor for developing a major depression (Dreverts and Todd, 2005). During this 

period of time, the large fluctuations in hormone levels are believed to play an important role 

in establishing the depressive symptoms (Dreverts and Todd, 2005). PPD symptoms include 

depressed mood, diminished pleasure in activities, insomnia, fatigue, anorexia, concentration 

inability, feelings of worthlessness and excessive guilt, anxiety and suicidal thoughts (Gale 

2003). Severe depression may also include obsessive thoughts, typically about hurting the 

newborn baby but rarely result in harm to the child (Gale 2003). Risk factors for developing 

PPD include a lifetime history of non-puerperal depression, postpartum depression, 

depression during pregnancy, as well as psychosocial factors of limited educational 

attainment, psychosocial distress, social isolation, poor social support during pregnancy and 

long timespan between marriage and first pregnancy (Gale 2003).   
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The presence of depressive symptoms post partum can be a sign of three conditions, post 

partum blues, post partum depression and puerperal psychosis (Gale 2003). Post partum blues 

is the mildest form of depression, with transient symptoms including crying spells, mild 

depression, anxiety, fatigue and emotional instability, has a duration of 3-7 days after delivery 

and affects up to 75-80 % of newly delivered mothers (Gale 2003). Risk factors for 

developing "blues" is personal or family history of depression, inadequate social support 

during pregnancy, sleep disruption in late pregnancy, stressful life events during pregnancy 

and night time labor (Gale 2003). The pathophysiology is not fully understood but it is 

suggested that "blues" may develop as a consequent of postnatal hormonal changes with the 

abrupt withdrawal of estrogen and progesterone levels (Gale 2003). This state does not 

require any medical treatment but because of its high prevalence, providing general 

information to pregnant women could be useful (Gale 2003).  

 

The most severe form of psychiatric post partum illness is post partum psychosis, which 

includes symptoms of delusions, hallucinations, disorganized speech and behavior, with onset 

between 48 hours to 2 weeks after delivery (American Psychiatric Association DSM-IV). The 

prevalence is 1-2/1000 deliveries and the most prominent risk factor is a history of psychiatric 

illness including bipolar disorder (American Psychiatric Association DSM-IV). The disorder 

is considered a medical emergency both for the mother and her child due to impaired 

judgment and requires specialist treatment, which often involves inpatient hospitalization.  

 

Post partum depression not only affects the mother but may also have an impact on the infant 

and developing child in terms of altered emotional and behavioral interaction with the mother 

(Burke L 2003). These children also have a higher risk of developing later in life major 

depressive disorder, anxiety disorder, panic disorder, alcohol dependence, conduct disorders, 

and have also shown intellectual deficits at age four compared with children to non-depressed 

mothers (Burke, 2003).   

 

Several hypotheses on the pathophysiology of postpartum depression have been proposed. 

The "ovarian steroid withdrawal hypothesis", in trying to explain the cause of post partum 

blues and depression, suggests that the sudden drop in estrogen and/or progesterone levels 

right after birth may lead to depression in predisposed women. (Bloch et al 2003, Hendrick et 
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al 1998). The decline in hormones is due to the expulsion of the placenta which in late 

pregnancy contributes to estrogen level a thousandfold of normal (Pawluski et al 2009, Shaikh 

1971). This hypothesis was tested by Bloch et al 2000, by inducing hypogonadism to women 

with or without a previous history of post partum depression with gonadotropin releasing 

hormone agonist leuprolide acetate and for 8 weeks adding back supraphysiologic doses of 

estradiol and progesterone. When removing these two hormones, 62.5% of the women with 

previous PPD, and none in the control group, developed clinically	  significant	  affective	  

symptoms. 

 

Not only the gonadal hormones fluctuate during pregnancy, but also the hormones of the 

HPA-axis, including CRH, ACTH, cortisol and corticosterone binding globulin (CBG) alter 

their concentrations. Cortisol levels are elevated in pregnancy, rising continuously from 

gestational week 25, reaching a peak just before partus with levels twofold of normal and 

returning to normal within a week after delivery (Pawluski et al 2009, Allolio et al 1990). In 

both pregnant and non-pregnant women cortisol levels show a diurnal pattern with a 

substantial increase in secretion from awakening to 30 minutes later, defined as the cortisol 

awakening response (CAR). The CAR is defined as an increase of cortisol from awakening to 

30 minutes later by at least 2.5nmol/l (Shea et al, 2007). Pregnant women have overall higher 

cortisol levels throughout the day, as a response to high CRH levels produced by the placenta 

(Clow et al 2004, Mastorakos and Ilias,2003). The mean increase in cortisol levels 30 minutes 

post wakening is higher in pregnant (8.3nmol/l), compared to non-pregnant women 

(5.2nmol/l), although the relative temporary increase is comparable in both cases, around 40 

% (de Weerth 2005). This suggests that the mechanism triggering the HPA-axis upon 

awakening is independent of the baseline regulation of cortisol release and the CAR is 

therefore a potential tool for measuring abnormalities in cortisol physiology during pregnancy 

(de Weerth 2005). The CAR has been observed to be altered in different illnesses, for 

example enhanced in subjects reporting chronic work stress (Wust et al 2000; Steptoe et al 

2003) and men with depressive symptoms (Pruessner et al 2003), blunted in teachers suffering 

of burnout (Pruessner et al 1999) and subjects with post traumatic stress disorder (Rohleder et 

al 2004) and absent in subjects with severe amnesia ( Wolf et al 2005).  

 

The diurnal pattern of cortisol is altered in PPD (defined as being positive in the screening 

scale Edingburgh postnatal depression scale, EPDS >13) with higher wakening value and 

absent CAR compared with non-depressed post partum women (EPDS <13) and non-
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postpartum controls, suggesting PPD to being similar to PTSD and chronic fatigue syndrome, 

lacking CAR (Taylor et al 2009). As far as pregnant women are concerned,  Shea et al 2007 

report decreased CAR in depressed pregnant women. 

 

The main objective of this study was to determine whether the CAR shows a different pattern 

in depressed compared to non-depressed patients in late pregnancy (week 36-40). Our 

secondary aim was to compare CAR values in late pregnancy (week 36-40) among women 

with and those without a previous life history of depression.  

 

2 Materials and Methods 

 

This study was undertaken as a part of the BASIC project, a population based cohort study in 

the county of Uppsala Sweden investigating multiple correlates of post partum depression. 

The study was conducted at the department of Obstetrics and Gynecology at Uppsala 

University hospital with a catchment area of approximately 325000 people and around 4000 

deliveries a year.  

 

All women within Uppsala county conducting the routine ultrasound in gestation week 18 

were asked by their midwife if they were willing to participate in a longitudinal study 

concerning post partum depression. The women were also given a choice to provide a number 

of different biologic samples during delivery ranging from saliva to uterus biopsies as well as 

to fill out web-based questionnaires. The mothers received both oral and written information 

about the objectives of the study and a written consent was obtained.    

 

2.1 Procedure 

 

For this specific study, women who had given written consent were randomly selected and 

invited for an interview at gestational week 37-40 to the research department of the Obstetrics 

and Gynecology Clinic in Uppsala. The interview procedure was carried out with the help of 

the M.I.N.I, Mini-International-Neuropsychiatric-Interview, which is a validated structured 

diagnostic psychiatric interview protocol following the DSM-IV and ICD-10 criteria.  With 

the aid of the M.I.N.I diagnostic criteria concerning major depression, both present and 

previous episodes were examined and evaluated. During the interview session, the subjects 

were also handed materials for saliva sampling. They were given four Salivette sampling 
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devices numbered 1 to 4 and informed to use number 1 zero minutes post awakening and then 

each sample with a 15 minutes delay. The subjects were also informed about the importance 

of not digesting any food or liquid at least 3 hours prior to sampling, nor smoking, using 

chewing tobacco or tooth brushing. The samples were to be stored in the refrigerator before 

being sent to the laboratory by post. Date of sampling, time of awakening, and time for each 

sample collection was recorded in a form, also handed out at the time of interview. At the 

laboratory, the samples were centrifuged for 10 minutes at 2300 rpm, pipetted to test tubes 

and stored at – 20 degrees Celsius until analysis. The analyses were made be the accredited 

laboratory at Akademiska hospital in Uppsala. 91 people were included in the current study, 6 

of which fulfilled the diagnostic criteria for major depression and 30 of which fulfilled the 

diagnostic criteria for previous major depression.  

 

2.2 Cortisol meausurments/ test principle 

 

The saliva cortisol sample is incubated with a cortisol specific biotinylated antibody and a 

ruthenium complex labeled cortisol derivative. Depending of the concentration of the analyte 

in the sample and the formation of respective immune complex, the labeled antibody binding 

site is occupied in part with the sample analyte and in part ruthenyalted hapten. After addition 

of streptavidin-coated microparticles, the complex becomes bound to the solid phase via 

interaction of biotin and streptavidin. The bound and unbound substance are magnetically 

separated and attached to the surface of an electrode. Application of voltage to the electrode 

then induces chemiluminescent emission, which is measured by a photomultipier.  The	  

measured	  chemiluminescence is	  inversely	  proportional	  to	  the	  cortisol	  concentration	  in	  

the	  sample.	  The	  detectable	  interval	  is	  between	  0.5-‐1750	  nmol/l.	  	  

	  

2.3	  Statistical	  analyses	  

	  

Differences	  in	  demographic	  characteristics	  and	  other	  variables	  that	  could	  act	  as	  

potential	  confounders	  such	  as	  parity,	  in	  vitro	  fertilization,	  smoking	  prior	  to	  pregnancy,	  

anxiety	  concerning	  pregnancy,	  feeling	  rested,	  BMI,	  age	  and	  sleep,	  among	  depressed	  and	  

non-‐depressed	  patients	  were	  assessed	  with	  the	  Mann-‐Whitney	  U-‐test,	  in	  order	  to	  

account	  for	  non-‐normality	  in	  the	  distribution	  or	  the	  Fisher’s	  exact	  test,	  due	  to	  the	  small	  

number	  of	  cases.	  	  Possible	  correlations	  of	  the	  maximum	  delta	  value	  of	  saliva	  cortisol	  
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levels	  to	  demographic	  data	  and	  other	  study	  variables	  were	  assessed	  with	  Mann-‐Whitney	  

U-‐test	  or	  the	  Spearman	  Correlation	  Coefficient.	  	  	  

	  

Differences	  in	  saliva	  cortisol	  levels	  between	  women	  with	  major	  depression	  at	  the	  time	  of	  

the	  MINI	  interview	  were	  assessed	  with	  the	  Mann-‐Whitney	  U-‐test.	  	  The	  procedure	  was	  

repeated	  for	  women	  with	  history	  of	  major	  depression	  in	  accordance	  to	  the	  MINI	  

interview.	  	  	  The	  increase	  in	  cortisol	  levels	  from	  0	  min	  to	  15min,	  0	  to	  30	  min,	  0-‐45	  min	  in	  

relation	  to	  depression	  status	  was	  analysed	  using	  the	  one-‐way	  ANOVA	  procedure.	  	  The	  

maximum	  increase	  in	  cortisol	  levels	  regardless	  of	  time	  (15-‐45	  minutes)	  in	  relation	  to	  

depression	  status	  was	  analysed	  using	  the	  Mann-‐Whitney	  U-‐test.	  	  

	  

SPSS	  version	  18.0	  was	  used	  for	  the	  statistical	  analyses.	  	  Statistical	  significance	  was	  set	  at	  

a	  p-‐value	  of	  <0.05.	  

 

4 Results 

 

Table 1 presents the distribution of anthropometric, lifestyle, obstetric and psychiatric 

characteristics among cases and controls. The depressed pregnant women are slightly 

younger, with a median age of 30 years, while non-depressed have a median age of 32.4.  

Depressed subjects have a shorter total night sleep, with a mean of 6.6 hours compared to 7.7 

hours among non-depressed subjects. Depressed women also feel less rested compared to 

non-depressed.  Other co-variates, such as parity, IVF, smoking, BMI and anxiety concerning 

pregnancy did not show statistical significant differeces among cases and controls. 

 

Table 2 presents anthropometric, lifestyle obstertic and psychiatric characteristics in relation 

to maxuímum delta salivary cortisol levels. The delta salivary cortisol concentration was not 

affected by any confounding factors such as parity, IVF, smoking prior to pregnancy, BMI, 

anxiety concerning pregnancy, feeling rested, age or sleep hours.  

 

Cortisol awakening response is not present when including all subjects, both non-depressed 

and depressed patients. The average increase in cortisol level is 1.9 nmol/l, slightly below the 

2.5 nmol/l which is considered the minimum value for cortisol awakening response (Figure 

1).  
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When dividing the study group into depressed and non-depressed patients, the depressed 

patients show a lower basal level of cortisol compared to non-depressed pregnant women. 

Non-depressed women have a mean concentration of cortisol at awakening of 18.3 nmol/l, 

compared to 14.7 nmol/l in the depressed group. The concentration range of cortisol in the 

depressed group is greater in every measuring point compared to non-depressed patients 

(Figure 2). These difference did not reach statistical significance.  

 

Figure 3 illustrates mean delta values in each measuring point post awakening for depressed 

and non-depressed subjects. The depressed patients show a cortisol awakening response with 

a mean delta value of 3.76 nmol/l at 30 minutes post awakening. The non-depressed patients 

are lacking cortisol awakening response with a mean delta value 1.47 nmol/l.  This differece 

did not reach statistical significance. 

 

When assessing maximum delta value, as calculated from the concentration at 0 minutes to 

any maximum observed between 15-45 minutes, a statistically significant difference is noted 

among depressed and non-depressed patients. The mean maximum delta value of CAR was 

6.60 nmol/l in the depressed group and 1.60 nmol/l in the non-depressed group (p=0.026) 

(Figure 4).  

 

The previously depressed pregnant women show a lower basal level of cortisol, with an 

awakening value of 15.43nmol/l compared to the 19.11nmol/l in non-previously depressed 

(p=0.015). The CAR is present, mean delta value at 30 minutes post awakening at 4.42nmol/l 

in previously depressed and lacking in non-previously depressed patients, mean delta value at 

1.03nmol/l. This is illustrated in Figure 5 and 6 ( p=0.009). 

 

 

5 Discussion 

 

To our knowledge this is the second study attempting to measure CAR in pregnant women 

experiencing depression. Our first objective for this study was to determine weather the CAR 

pattern differed between depressed and non-depressed pregnant women. The results from this 

study suggest that CAR is present in depressed women but lacking in non-depressed women. 

The results did not show a significant difference between the two groups when defining CAR 
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as the increase of cortisol concentration from awakening to 30 minutes later. Although 

looking at the maximum increase of cortisol concentration in the timespan from awakening to 

15-45 minutes later significance was reached. The results should be interpreted with caution 

due to a small study group with few depressed patients and marginal significance but gives a 

hint of an affected HPA-axis in depressed compared to non-depressed pregnant women. The 

first article investigating CAR in depressed pregnant women by Shea et al 2007 suggests a 

decreased CAR in these patients, which is opposite to our results. Shea et al 2007 as well 

point out the need to interpret their results with caution due to small sample sizes in their 

study group and also marginal significance. One difference between our study and Shea et al 

2007 is how depressed patients are defined. Shea uses the EPDS score >=13 as definition of 

depression, whereas we use DSM-IV diagnostic criteria. This could potentially affect which 

patients are included in the depressed group.  

 

Our second objective was to investigate if CAR differed between previously depressed 

pregnant women and non-previously depressed pregnant women. The results show CAR in 

previously depressed women and unexpectedly non-previously depressed women are lacking 

CAR. These results are statistically significant but should be interpreted with caution due to a 

small study group as well as the results being opposite previously done studies. Ref.. 

 

In both objectives CAR is not present in non-depressed pregnant women. These findings are 

unexpected and opposite to previously studies. In a study from 2005 by de Weerth, Buitelaar, 

CAR is both present and in absolute measures larger in pregnant women gestation week 32,6. 

In our study CAR was measured in gestation week >37, being a possible explanation for 

healthy women lacking CAR, this maybe due to a higher basal cortisol level in these women. 

As mentioned earlier also Shea et al 2007 show CAR in healthy pregnant women and lower 

CAR in depressed, although they as well have collected saliva samples earlier in pregnancy, 

mean gestation week 28.4, being a difference from this study.  

 

The HPA-axis and the cortisol output is altered in states of depression. In melancholic 

depression the cortisol output is raised (Kammerer et al 2006), in contrast to atypical 

depression were cortisol output is decreased (Gold and Chrousos, 2002). Decreased cortisol 

levels are also observed in other psychiatric disorders such as bipolar disorder, PTSD and 

chronic fatigue syndrome, the two latter have shown lack of CAR (Wessa et al, 2006, Roberts 

et al 2004).  
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Moreover, depressions perinatal have different characteristics depending if it's present ante- 

or postnatal depression. Antenatal depression is associated with increased levels of cortisol 

due to Corticotropin Releasing Hormone, CRH, produced by the placenta and postnatal 

depression is associated with low cortisol levels (Kammerer et al 2006). It is tempting to 

conclude antenatal depression to be similar to melancholic depression and postnatal 

depression to be more related to atypical depression (Kammerer et al 2006). This is up for 

discussion in the literature but have not yet been fully investigated and concluded.  

 

Earlier studies have used EPDS scores for defining probable depression. Our criteria have 

been stricter in terms of interviewing the patients with M.I.N.I, defining depression with the 

DSM-IV criteria for major depression. This decreases the probability of including non-

depressed patients in the depressed group.  

Some of the patients showed decreasing cortisol levels from awakening to 30 minutes later, 

which might have an effect on the results since they’ve not been excluded from the study.  

A few saliva samples did not reach the freezer within 48 hours because of the mail service. 

These samples have not been excluded and could therefore affect the end result.   

It is also important to be aware of the small number of depressed patients to be included in 

this study.  

 

In conclusion, this study has shown a different pattern in CAR in depressed pregnant women 

compared to pregnant controls. It has also demonstrated a different pattern in previously 

depressed pregnant women compared to pregnant controls. Since these results are in opposite 

to previous studies, the results need to be interpreted with caution and also to be replicated by 

others. 
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7 Figures 
 
 
 

 
7.1 Figure 1  

Mean saliva cortisol level for each measuring instance for the whole study group. 

 

 
  
 
 

 
7.2 Figure 2  

Saliva cortisol levels at 0 minutes, 15 minutes, 30 minutes and 45 minutes post awakening in 
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depressed and non-depressed pregnant women. 

 

 
 
 
 
 

 
 

7.3 Figure 3  

Mean delta values in each measuring point post awakening for depressed and non-depressed 

subjects.  
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7.4 Figure 4  

Maximum delta value regardless of timepoint, 15-45 minutes post awakening for depressed 

and non-depressed subjects.  

 
 
 
 
 

 
 
7.5 Figure 5  

Mean saliva cortisol levels in previously depressed patients and previously non-depressed 

patients 
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7.6 Figure 6  

Mean maximum delta values in previously depressed patients and previously non-depressed 

patients.  
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8 Tables 
 
 
8.1 Table 1  
Anthropometric, lifestyle, obstetric and psychiatric variables in relation to depression 
 
 
 

 depression no depression p-value 
    
Primigravida 4 35 0.734* 

Multigravida 7 83  
    
IVF                                yes 0 7 0.532* 

                                      no 2 78  

    

Smoking                       yes 1 11 0.660* 

                                     no 9 109  

Anxiety                         yes 1 15 0.0688* 
concerning  
pregnancy                    no 7 91  
    

Rested                         yes 1 60 0,011* 

                                     no 8 48  

    

Age, mean,median, SD 28.45,30,+- 4.1 32.4,32,4.38 0.008** 

Sleep (hours), mean, median, SD 6,6,+-1.42 7, 7, +-1.46 0,057** 

BMI, mean, median, SD 23.65, 21.45, +-5.41 22.70, 21.89, +-3.16 0,98** 

    
*    Fisher’s exact Test 
**   Mann-Whitney U-Test    

    
	  
	  
	  
 
 
 
 
 
 
 



	   22	  

 
 
 
8.2 Table 2  
Anthropometric, lifestyle, obstetric and psychiatric variables in relation to maximum     delta 
salivary cortisol. 
	  
	  
	  

 Maximum-delta s-Cortisol  

 mean, median, SD number of cases      p-value 

    
Primigravida 3.53, 3.90, +-4.60 26 0.057* 
Multigravida 1.13, 1.30, +-4.85 57  
    
IVF     yes 1.28, 3.80, +-7.26 5 0.0875* 
          no 2.04, 2.80, +-4.80 71  

    
Smoking                 yes 2.38, 3.00, +-5,02 9 0.920* 
prior to  
pregnancy              no        1.85, 2.20, +-4.88 70  

    
Anxiety                   yes 2.54, 1.00, +-5.89 11 0.952* 
concerning  
delivery                   no                1.78, 2.20, +-4.74 72  

    
Rested                   yes 1.79, 3.10, +-4.48,  45 0.902* 
                              no 1.98, 1.15, +-5.37 38  

    

 
       Correlation 
       co-efficient 

    
Age 0.12 83 0.916** 
    
Sleep (hours) -0.012 83 0.972** 
    
BMI  -0.004 83 0.969** 
	  
*	  	  	  	  	  	  Mann-‐Whitney	  U-‐Test	  
**	  	  	  	  Sperman’s	  rho	  
	  
	  


