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ABSTRACT Background: Depression has been shown to be associated with

cervical tumors (CTs), an association mostly demonstrated in
studies in which temporality could not have been ascertained.
Objectives: To study the association between depression and
CTs and the influence of co-morbidities of this association in a
large cohort study.
Methods: A retrospective computer-based cohort study was
conducted. The cohort included 357,450 female members of
Maccabi Healthcare Services. The cohort was classified as de-
pressed or non-depressed using the International Classifica-
tion of Diseases 9/10 codes. For each subgroup, demographic
characteristics, behavioral characteristics, co-morbidities,
and CTs diagnosis were obtained. The burden of co-morbidi-
ties was defined as the sum of major co-morbidities. We used
zero-inflated negative binomial regression analysis due to
over-dispersion to estimate the relative risk (RR) for CTs with
95% confidence interval (95%Cl).
Results: Depression was diagnosed in 15,789 women. Among
this group, CTs were diagnosed in 1585 (10.0%). Among the
341,661 non-depressed, CTs were diagnosed in 4185 (1.2%).
After adjustment to age and socioeconomic status, the associ-
ation between depression and CTs was RR=9.2 (95%Cl 8.7-9.9,
P-value < 0.0001). The association between depression and
CTs increased as the burden of clinical conditions increased
(P-value < 0.0001).
Conclusions: Women with depression are at a higher risk for
CTs, especially among those who have several co-morbidities.
Tighter gynecology surveillance is crucial among these women.
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epression is common in the world according to the Global
Health Data Exchange. The prevalence of depressive dis-

orders among women in 2019 was 4.5% (95%CI 4.1-5.0%) [1].

Cervical tumors (CTs) begin with changes in healthy cells and
accumulate to abnormal cells growth with no growth control to the
level of the tumor. Abnormal squamous cells invading 2/3 of the
cervix leads to cervical intraepithelial neoplasia 3 (CIN3) and in-
vasion of the whole cervix leads to squamous cell carcinoma. Tu-
mors of the glandular cells lead to adenocarcinoma. Risk factors
for cervical cancer include multiple sexual partners, early sexual
activity, other sexually transmitted infections, weak immune sys-
tem, smoking, and exposure to miscarriage prevention drugs [2].

Depression has been shown to be associated with several
chronic diseases and various types of cancer [3-6]. Previous
studies have shown that depression and anxiety were also as-
sociated with CTs [7,8]. However, most studies investigated the
association between depression and CTs were cross-sectional or
case-control studies that usually examined the occurrence of de-
pression after the diagnosis of CTs, thus temporality could not
have been ascertained [9,10].

The aim of this study was to evaluate the association between
depression and CTs in a large, retrospective cohort study and to
assess the risk to develop CTs in women with co-morbidities.

PATIENTS AND METHODS

STUDY DESIGN AND STUDY POPULATION

We conducted a retrospective cohort study, including
357,450 women members of Maccabi Health Services
(MHS). In Israel, by law, every resident must be registered in
one of the four health maintenance organizations (HMOs).
MHS is the second largest HMO in Israel, covering 25% of
the population [11].
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EXPOSURE

Women aged 21 years or older between 1 January 1998 and 30
September 2017 who were diagnosed with depression using
the International Classification of Diseases (ICD) 9/10 codes
[Appendix 1, online version only] or who purchased antidepres-
sants for more than 3 months during that time, were classified
as depressive. The date depression was diagnosed or the first
date antidepressant medication was purchased was established
as the date of depression diagnosis. Women diagnosed with a
disease in which depression is part of the syndrome but not the
leading phenomenon, were excluded from the cohort. A random,
computer-based representative sample of MHS women not di-
agnosed with depression or who did not purchase antidepres-
sants for more than 3 months after 1 January 1998, served as the
control group. The follow-up of depressed and non-depressed
women continued until the occurrence of one of the following
endpoints: the diagnosis of CTs or 30 September 2017, the end
of the follow-up.

OUTCOME

CTs included diagnosis of cervical cancer, CIN3, and adeno-
carcinoma in situ (AIS), according to the MHS cancer reg-
istry and were obtained using SNOMED codes [Appendix
2. online version only]. Only CT diagnosed 1 year after the
diagnosis of depression was included to allow for a minimal
latency period.

COVARIATE

The following covariates were obtained:

® Demographic characteristics included age at CT diagnosis or
at the end of the follow-up and socioeconomic status (SES).
SES was determined using the socioeconomic residential clas-
sification of the Israeli Central Bureau of Statistic, range be-
tween 1 (lowest) and 20 (highest) [12].

Figure 1. Cohort selection flow chart

Cohort,
N=357,450

Depression, No depression,
n=15,789 n=341,661
(4.4%) (95.6%)
Cervical No cervical Cervical No cervical
tumors, tumors, tumors, tumors,
n=1585 n=14,204 n=4185 n=337,476
(10.0%) (90.0%) (1.2%) (98.8%)

® Behavioral characteristics included smoking status and
number of Pap tests performed (< 1 vs. > 1) in the last 3
years (for those diagnosed with CTs, 3 years before the di-
agnosis and for those who were not diagnosed with CTs, 3
years before the end of follow-up).

e (Clinical characteristics included diagnosis of diabetes, infer-
tility, weight disorders (overweight and underweight), hyper-
tension, autoimmune disease, hormonal treatment (hormone
replacement therapy [HRT] and non-HRT), inflammatory
bowel disease (IBD), immune deficiency, immune sup-
pressant, sexually transmitted diseases (herpes, gonorrhea,
chlamydia, acquired immune deficiency syndrome, and
syphilis), thyroid disease, and cancer (non-cervical). Clinical
conditions were obtained using the computerized registries
of MHS (for those diagnosed with CTs, one year before the
diagnosis and for those who were not diagnosed with CTs,
one year before the end of follow-up). The appearance of a
clinical condition was defined only if the diagnosis appeared
at least one year before the diagnosis of CT. For each clinical
condition, the date of diagnosis was also obtained. The bur-
den of clinical conditions was defined as the sum of clinical
conditions during the follow up.

The study was approved by the Maccabi Health Services eth-

ics committee (reference number 0026—17-BBL).

DATA ANALYSIS

Descriptive analyses were presented as frequencies for categor-
ical variables and mean + standard deviation (SD) for continu-
ous variables. For categorical variables and continuous variables,
Pearson's chi-square and Student’s t-test were used, respectively,
to evaluate differences between depressed and non-depressed
women. To evaluate the association between depression and CTs
and the association by exposure to covariates, the zero-inflated
negative binomial univariate and multivariate regression models
were used due to over-dispersion [13]. Relative risk (RR) and 95%
confidence interval (95%CI) were calculated. We also evaluated
the association between depression and CTs by the sum of clinical
conditions. P-value < 0.05 was considered statistically significant.
Statistical analyses were performed using SAS 9.2 Enterprise
Guide version 7.12 HFS5 software (SAS Institute Inc., Cary, NC,
USA).

RESULTS

The cohort included 357,450 women. Depression was diagnosed
in 15,789 (4.4%) [Figure 1]. Women with depression were sig-
nificantly older (mean age 68.9 £ 15.6 vs. non-depressed 53.8
+ 19.2 years, P-value < 0.0001), from higher SES (12.3 + 3.6
vs. non-depressed 11.6 £ 3.8, P-value < 0.0001), less likely
to smoke (0.9% vs. non-depressed 23.6%, P-value < 0.0001),
and less likely to perform a Pap test 3 years before diagnosis
(62.0% vs. non-depressed 53.9%, P-value < 0.0001) [Table 1].
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Table 1. Description of the cohort (N=357,450)

Depressed Non-depressed P-value
n=15,789 (%) n=341,661 (%)

Demographic characteristics
Age in years: n, mean + SD 15,789, 68.9 £ 15.6 341,661,53.8+19.2 < 0.0001
SES: n, mean + SD 14,689, 12.3 £ 3.6 316,352, 11.6 + 3.8 < 0.0001
Behavioral characteristics
Smoking 148 (0.9) 80,682 (23.6) < 0.0001
< 1 Pap test performed in the last 3 years (vs. > 1) 1535 (62.0) 40,797 (53.9) < 0.0001
Clinical conditions
Diabetes 152 (1.0) 5067 (1.5) < 0.0001
Infertility 108 (0.7) 7807 (2.3) < 0.0001
Weight disorders 673 (4.3) 41,610 (12.2) < 0.0001
Hypertension 374 (2.4) 12,728 (3.7) <0.0001
Autoimmune disease 17 (0.1) 13,105 (3.8) < 0.0001
Hormones consumption 172 (1.1) 26,276 (7.7) <0.0001
Hormones replacement treatment 1582 (10.0) 77,793 (22.8) < 0.0001
Inflammatory bowel disease 29 (0.2) 639 (0.2) 0.9240
Immune deficiency 245 (1.6) 824 (0.2) < 0.0001
Immune suppressant 1582 (10.0) 77,793 (22.8) < 0.0001
Sexually transmitted diseases 745 (4.7) 28,675 (8.4) < 0.0001
Thyroid disease 341(2.2) 15,036 (4.4) < 0.0001
Cancer (any) 0(0.0) 4759 (1.4) < 0.0001

SD = standard deviation

Depressed women had significantly lower rates of clinical con-
ditions, excluding IBD and immune deficiency.

Of the depressed women, CTs were diagnosed in 1585
(10.0%) while among the non-depressed, CTs were diagnosed
in 4185 (1.2%) [Figure 1].

Before adjustment for age and SES, which were found to be
confounders in the association between depression and CTs, the
association was RR=8.2 (95%CI 7.7-8.7) and after adjustment,
the association was RR=9.2 (95%CI 8.7-9.9; P-value <0.0001).

Table 2 shows the association between depression and CTs
by exposure to behavioral characteristics and clinical conditions,
adjusted for age and SES. The association between depression
and CTs was higher among those who were exposed to smok-
ing and performed fewer than one Pap test in 3 years as well as
those with the following clinical conditions: diabetes, infertility,
weight disorders, hypertension, autoimmune disease, hormones
consumption, hormones replacement treatment, inflammatory
bowel disease, immune deficiency, immune suppressant, sexu-
ally transmitted diseases, and thyroid disease. In the multivari-
able analysis, included age, SES, weight disorders, hyperten-
sion, HRT, immune deficiency, and thyroid disease, the risk to
develop CTs among depressed was RR=11.1; 95%CI 10.4-11.9.

The mean number of clinical conditions among depressed
women was significantly lower (mean + SD: 0.4 + 1.2) than
non-depressed women (mean + SD: 0.8 £ 1.6) (P-value < (0.0001).

Table 3 describes the occurrence of cervical malignancies among
depressed and non-depressed by the burden of clinical conditions.
A significant increase (P-value < 0.0001) in the relative risk to
develop CTs was observed as the number of clinical conditions
increased [Table 3].

DISCUSSION

We demonstrated that depression was a risk factor for develop-
ing CTs and as the number of clinical conditions increased, the
risk of developing CTs was stronger.

The association between depression and CTs was already
demonstrated by others [7-10]. There are several possible ex-
planations for the association between depression and CTs.
First, depression encourages body inflammation, followed by a
decrease in immune-surveillance and the body's ability to detect
and remove human papillomavirus (HPV) infection, which is
the leading etiology for CTs [14-16]. Second, depressed women
might be less likely to notice symptoms associated with cervical
malignancies. Last, depressed women are more likely to be un-
der tighter follow-up and health supervision, thus more likely to
be diagnosed. Goodkin et al. [17] described the association be-
tween psychosocial factors and cervical cancer as complicated.

We have shown a strong association between depression and
CTs among women experiencing multiple clinical conditions.
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Table 2. Univariable analysis for the association between depression and cervical tumors by behavioral characteristics and clinical

condition, adjusted for age and socioeconomic status

Relative risk 95% confidence interval P-value
Behavioral characteristics
Smoking Yes 69.7 58.4-83.2 < 0.0001
No 8.9 8.3-9.6 < 0.0001
Number of Pap tests performed in the last 3 years <1 12.4 10.5-14.7 < 0.0001
21 6.5 5.4-8.0 < 0.0001
Clinical conditions
) Yes 23.8 19.1-29.5 < 0.0001
Diabetes
No 9.1 8.5-9.7 < 0.0001
. Yes 26.7 21.0-34.1 < 0.0001
Infertility
No 8.8 8.3-9.5 < 0.0001
Weiaht disorders Yes 35.9 32.5-39.7 < 0.0001
|
g No 62 5.7-6.7 <0.0001
) Yes 22.6 19.7-25.8 < 0.0001
Hypertension
No 9.0 8.4-9.7 < 0.0001
) ) Yes 59.9 36.2-99.3 < 0.0001
Autoimmune disease
No 0 8.7-9.9 < 0.0001
H i Yes 19.5 15.7-24.2 < 0.0001
rmon nsumption
Ormones Consumpto No 89 8.4-9.6 < 0.0001
Yes 22.7 21.3-24.2 < 0.0001
Hormones replacement treatment
No 0.0 0.0-0.1 < 0.0001
. Yes 37.3 19.7-70.5 < 0.0001
Inflammatory bowel disease
No 9.1 8.5-9.7 < 0.0001
. Yes 4.4 3.6-5.4 < 0.0001
Immune deficiency
No 8.1 7.6-8.7 < 0.0001
Yes 22.7 21.3-24.2 < 0.0001
Immune suppressant
No 0.0 0.0-0.1 < 0.0001
) . Yes 18.4 16.8-20.2 < 0.0001
Sexually transmitted diseases
No 5.8 5.4-6.4 < 0.0001
o Yes 28.1 24.3-32.4 < 0.0001
Thyroid disease
No 8.1 7.5-8.7 < 0.0001
Yes - - -
Cancer (any)
No 9.1 8.5-9.7 < 0.0001
Table 3. Cervical tumors among depressed and non-depressed by the burden of clinical conditions (N=357,450)
Burden of clinical conditions Depressed Non-depressed Relative risk 95%Cl P-value
N CTs (%) N CTs (%)
0 14,206 2(0.0) 262,049 1061 (0.4) Ref. - -
1 1 1(100.0) 1574 25(1.6) 95.8 11.3-813.0 < 0.0001
2 288 288 (100.0) 15,546 837 (5.4) 14.1 12.3-16.3 < 0.0001
3 487 487 (100.0) 23,937 937 (3.9) 22.1 19.7-24.8 < 0.0001
4 415 415 (100.0) 20,281 742 (3.7) 25.2 22.2-28.6 < 0.0001
5 248 248 (100.0) 11,679 386 (3.3) 29.1 24.7-32.3 < 0.0001
6 104 104 (100.0) 4770 154 (3.2) 30.3 23.4-39.1 < 0.0001
7 34 34 (100.0) 1431 38 (2.7) 36.9 22.8-59.7 < 0.0001
8 6 6(100.0) 345 5 (1.4) 78.4 18.2-336.9 < 0.0001

95%Cl = 95% confidence interval, CT = cervical tumor
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We substantiated our findings by demonstrating a dose response
effect. As the number of clinical conditions increased, the asso-
ciation between depression and CTs was significantly stronger
(P-value < 0.0001). The dose response effect may reflect the
magnitude of the impact of multiple clinical conditions on the
immune system to detect and remove HPV infection [18,19] but
may also be explained by the tighter follow-up and health super-
vision, thus the higher likelihood to be diagnosed.

To the best of our knowledge, this is the first study inves-
tigating the association between depression and CTs in a very
large cohort, with a well-structured registry, in which temporal-
ity was demonstrate.

Certain limitations are noteworthy in our study. We included
in the outcome variable both CIN3 and cervical cancer, although
different risk factors were observed for each [7]. There was a lack
of data on HPV infection as HPV testing was not commonly used
in Israel during the study period. The absence of the data affected
our ability to test whether depression was not a direct risk factor
for CTs but only a modifier in the association between HPV and
CTs. Some variables that are known to have a role in the associ-
ation between depression and CTs, such as the number of sexual
partners, educational level, and sexual habits, were unavailable.
The absence of these variables decreased our ability to understand
the association between depression and CTs. Data regarding sex-
ual abuse and intimate partner violence, which are associated with
both depression and CTs [20-23], were not included, pursuant to
intrusiveness. Prescription of antidepressants is not specific and
common in different physical conditions; thus, information bias
should be considered. Women with multi-morbidity may have a
higher use of healthcare services, which may increase the oppor-
tunities for diagnosis, either with depression or with cancer. Last,
since the rate of smoking among depressed women was low, we
did not include smoking as a potential confounder in the associa-
tion between depression and CTs.

The strong association between depression and CTs shows
that physicians and gynecologists play a crucial role in the prima-
ry and secondary prevention of CTs. The combination of mental
and clinical condition, as well as behavioral characteristics, may
help identifying women with a higher risk for developing CTs.

CONCLUSIONS
Depressed women are at a higher risk for developing CTs, es-
pecially those who are exposed to multiple clinical conditions.
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