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H I G H L I G H T S

• Older age is a risk factor for presence and severity of hippocampal calcification• Other cardiovascular risk factors are not associated with hippocampal calcification• A cumulative risk score was not associated with hippocampal calcification

• These results are new and unexpected compared to other calcification locations
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A B S T R A C T

Background and aims: Hippocampal calcification is a recently described type of intracranial calcification and
might be a risk factor for ischemic stroke and dementia. Data on its risk factors and insight into the etiology are
limited. We aimed to investigate the association of risk factors for hippocampal calcification in two independent
cohorts in the Netherlands.
Methods: Unenhanced CT scans of the brain were scored for the presence and severity of hippocampal calcification in
two independent prospectively collected patient cohorts, the first consisting of aneurysmal subarachnoid hemorrhage
(SAH) patients (N=741) and the second of patients participating in the Second Manifestation of ARTerial disease
(SMART) study (N=498). We estimated the association of the risk factors age, sex, smoking, dyslipidemia, overweight,
hypertension, diabetes, family history, cardiac history, cerebrovascular history, use of vitamin K antagonists and renal
disease with the presence and moderate/severe calcification using logistic regression analysis.
Results: In both cohorts, age ≥60 years was associated with the presence of hippocampal calcification (odds
ratio (OR) 2.47, 95% confidence interval (CI) 1.37–4.45 in SAH and OR 1.91, 95% CI 1.30–2.82 in SMART); in
SMART, age was associated with moderate/severe calcification as well (OR 2.77, 96%CI 2.77 (1.36–3.65). All
other risk factors, including a cumulative risk score of 5 or more risk factors, did not show any association with
hippocampal calcification presence or severity.
Conclusions: We identified age as a risk factor for hippocampal calcification. All other risk factors studied were
not associated with hippocampal calcification. This contradicts findings on arterial calcifications elsewhere in
the body. Therefore, more research is needed to understand this discrepancy.
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1. Introduction

Hippocampal calcification is a type of intracranial calcification, which
has only recently been described in vivo, and was found to be located in
precapillaries, capillaries and arteries, mostly in the tail of the hippocampus
[1]. This type of calcification is commonly observed in patients above 50
years of age [2]. Scoring of these calcifications on computed tomography
(CT) has been validated with histology [1], which means that these calci-
fications can be detected in vivo with CT and that risk factors and outcome
can be investigated in cohort studies. The importance of hippocampal cal-
cification on health is not completely clarified. Limited studies focused on
the correlation between hippocampal calcification and cognitive decline,
where one study showed an association, while in another study, no asso-
ciation was found [3,4]. In contrast, intracranial arterial calcification in
general is known to be an independent risk factor for ischemic stroke [5].
While calcifications are widely used as a marker for atherosclerosis [6],
intracranial calcifications, including hippocampal calcifications, are not al-
ways atherosclerotic in origin [7], raising the question of how these calci-
fications contribute to stroke. Two recent studies focused on the risk factors
of hippocampal calcification, showing, besides age, an association with
diabetes [8,9], hyperlipidemia [8] and smoking [9], but the studies were
executed in selected patient groups and accounted for a limited number of
risk factors.

Risk factors for arterial calcification are studied more extensively for
coronary artery calcification and carotid artery calcification. For these dif-
ferent locations of artery calcification, classic cardiovascular risk factors as
age [10–12], male sex [12,13], body mass index (BMI) [12–14], hyperten-
sion [10,14], hypercholesterolemia [15,16], diabetes [6,17], smoking
[12,14] and cardiac history [5,10] were significantly associated with (se-
vere) calcification. For coronary artery calcification, in addition, other cal-
cification risk factors have been identified, like vitamin D deficiency [18,19],
chronic kidney disease and renal failure [20,21], use of vitamin K antago-
nists [22,23], non-alcoholic fatty liver disease [24] and ethnicity [13,16].
For excessive alcohol use (>20g/day), results are contradicting [10].

Given the limited data and insights into the etiology of hippocampal
calcification, we aimed to investigate the association of risk factors with
hippocampal calcification in two independent cohorts of cardiovascular
patients in the Netherlands.

2. Patients and methods

2.1. Study population

Two different cohorts are used in this study. The first cohort included a
prospectively collected cohort of patients with a subarachnoid hemorrhage
(SAH) from an intracranial aneurysm, admitted to the Neurology depart-
ment of the University Medical Center Utrecht (UMCU), the Netherlands,
between 2002 and 2010. In these patients, an unenhanced CT was per-
formed upon admittance to confirm the diagnosis, and in case of neurolo-
gical deterioration during the admission. In case multiple CT scans were
performed, the most recent scan was evaluated. This cohort will be further
indicated as the SAH cohort. The second cohort included patients from the
Second Manifestation of ARTerial disease (SMART) study [25], a single
center prospective cohort study including patients aged 18–80 newly re-
ferred to the UMCU with (1) clinically manifest atherosclerotic vessel dis-
ease, or (2) marked risk factors for atherosclerosis. We included patients
between 2004 and 2016, who underwent an unenhanced CT-scan of the
brain for clinical indications, for example in case of clinical symptoms of
stroke or transient ischemic attack, within 6 months of the SMART inclusion
date. No iterative CT scans were performed within this timeframe. In both
cohorts, patients with non-evaluable scans were excluded due to technical
limitations (i.e. slice thickness>1mm, acquisition artefacts as coiled an-
eurysms, images not retrievable from the hospital archive). Ethical approval
of the study protocol is obtained from the Medical-ethical committee of the
UMCU. Written consent was obtained from each patient in this study.

2.2. Imaging

Hippocampal calcification was reviewed on non-enhanced CT of the
brain using multi-detector row scanners (16–256 detector rows, Philips
Healthcare, Cleveland, Ohio). Scans were analyzed using the 0.625–1mm
slices in axial, coronal and sagittal plane in brain window setting using
Sectra IDS 7 (Sectra AB, Sweden) by trained researchers MP andMvdK, who
were blinded for the risk factors. Complex cases were discussed in a con-
sensus meeting with an experienced radiologist (PdJ). Hippocampal calci-
fication was scored bilaterally as absent, mild (one dot), moderate (multiple
dots) or severe (confluent) as described before [3] (Fig. 1).

Fig. 1. Examples of mild, moderate and severe hippocampal calcifications on computed tomography (CT).
Hippocampal calcification on thin unenhanced CT examinations (arrowheads), left image mild calcification, middle moderate, right severe. Arrow: choroid plexus
calcification.
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2.3. Risk factor definitions

In this study, the following risk factors were investigated: age, sex,
smoking, dyslipidemia, overweight, hypertension, diabetes, family
history, cardiac history, cerebrovascular history, use of vitamin K an-
tagonists and renal disease. Age was analyzed as continuous variable
and dichotomized in<60 and≥60 years. Smoking was categorized
into ever and never smokers. Dyslipidemia was defined as total cho-
lesterol> 6.5mmol/l and/or HDL<1.0mmol/l and/or statin use. Use
of antihypertensives and/or clinical diagnosis and/or systolic blood
pressure> 140mmHg and/or diastolic blood pressure> 90mmHg was
scored as hypertension. Diabetes was defined as present in the case of
use of antidiabetic drugs and/or fasting glucose> 7.0mmol/l and/or
clinical diagnosis. Family history was scored as positive when a family
member was diagnosed with cardiovascular disease or a stroke below
the age of 65. A myocardial infarction and/or angina pectoris and/or
cardiac bypass/stent operation in the previous medical history was
scored as a positive cardiac history. A positive cerebrovascular history
was defined as ischemic stroke and/or transient ischemic attack in the
previous medical history. The use of vitamin K antagonists was scored
positive in case of the use of acenocoumarol or fenprocoumon. In the
SAH cohort a BMI>25 kg/m2 and/or clinical diagnosis of overweight
or obesity was defined as overweight, while in the second SMART co-
hort only a BMI>25 kg/m2 was used for the definition. In the SAH
cohort renal disease was defined as clinical diagnosis end stage chronic
kidney disease and/or kidney failure and/or dialysis and/or glomerular
filtration rate (GFR) < 30mL/min; in the SMART cohort renal disease
was defined as a GFR<30mL/min.

2.4. Data analysis

Data analysis was performed with IBM SPSS Statistics 22. The
baseline characteristics of the two cohorts were compared using
Student's t-test for the continuous variable age and chi-square test for
all categorical variables. Age difference between the group with (se-
vere) calcification and the group without (severe) calcification was
assessed using the Student's t-test. The association of the dichotomous
risk factors with hippocampal calcification was assessed by univariable
logistic regression analysis to calculate crude odds ratio's (OR) with
corresponding 95% confidence intervals (CI). Multivariable logistic
regression was used to adjust for possible confounding by age and sex.
The presence versus absence of hippocampal calcification as well as
moderate/severe calcification versus none/mild calcification was as-
sessed. As an additional analysis, we also tested the association of a
cumulative risk score of all the risk factors, excluding age and sex, with
hippocampal calcification. This cumulative risk score was dichotomized
in the presence of< 5 or ≥5 risk factors. Missing data (shown in
Supplementary Table 1) were imputed using multiple imputation, with
10 iterations.

2.5. Power calculation

The sample size of both the SAH and the SMART cohort is based on
our inclusion criteria and includes 741 and 498 patients, respectively.
Based on our sample size and an estimation of 10% prevalence of
hippocampal calcification based on previous literature [2,8,9], we
calculated the detectable OR of a risk factor on hippocampal calcifi-
cation, using significance level α=0.05 and power β=0.80.

In the SAH cohort, for risk factors with a prevalence of 50%, which
is expected for smoking, hypertension and older age, our study was
powered to detect an association of the risk factor with an OR ≥ 1.86.
For risk factors with a prevalence of 5% (expected for kidney failure
and diabetes), we are able to detect an OR≥3.05. Since the SMART
cohort is a cardiovascular risk cohort, we expect higher prevalences of
risk factors. Assuming a prevalence of 70%, we are able to detect an OR
≥ 2.34. For risk factors with a prevalence of 50% our study is powered

to detect an OR ≥ 2.11, and when the prevalence is 10% we can detect
an OR ≥ 2.81.

3. Results

In the SAH cohort, 741 patients were included, while in the SMART
cohort, 498 patients were included. Of the 741 patients of the SAH
cohort, 51 (6.9%) patients had uni- or bilateral hippocampal calcifi-
cation, compared to 153 of the 498 (30.5%) patients of the SMART
cohort. The baseline characteristics of all patients are shown in Table 1.
Upon comparing these characteristics between the two cohorts, the
prevalence of all risk factors, except age and smoking, and the presence
of mild and moderate hippocampal calcification are higher in the
SMART cohort.

3.1. SAH cohort

In the SAH cohort, age was associated with hippocampal calcifica-
tion. The mean age was higher in the group with calcification
(62 ± 12 yr) compared to the group without calcification (56 ± 11 yr,
p < 0.001), while in patients of 60 years or older, hippocampal cal-
cification was present more often (10.9%) than in patients younger than
60 years (4.5%; adjusted OR 2.39, 95% CI 1.33–4.31). For the group
with moderate/severe calcification, the mean age was higher
(63 ± 9 yr) compared to the group with none/mild calcification
(56 ± 11 yr, p < 0.005). We were not able to demonstrate a statisti-
cally significant association of all other calcification risk factors, sex,
lipid disorder, overweight, smoking, family history, hypertension, dia-
betes, cardiac history, ischemic stroke history, vitamin K antagonist
use, and kidney disorder, with the presence or severity of hippocampal
calcification (Tables 2 and 3). In addition, we did not find a statistically
significant association of the cumulative risk score of all risk factors
with hippocampal calcification (Tables 2 and 3).

To further examine the influence of age on the presence of hippo-
campal calcification, the cumulative prevalence of hippocampal calci-
fication as a function of age was studied, which showed an increasing
prevalence of hippocampal calcification above the age of 45 (Fig. 2A).

Table 1
Baseline characteristics.

Characteristic SAH cohort n (%) SMART cohort
n (%)

Comparison SAH-
SMART (p-value)

No. of patients 741 498
Age (mean ± SD) yr 56 ± 11 57 ± 11 0.12
Age ≥60yr 275 (37.1%) 226 (45.4%) 0.004
Male sex 223 (30.1%) 284 (57.0%) <0.0001
Lipid disorder 255 (34.4%) 375 (75,2%) <0.0001
Overweight 281 (37.9%) 272 (54.6%) <0.0001
Smoking 508 (68.6%) 348 (69.8%) 0.65
Family history 209 (28.2%) 180 (36.2%) 0.0029
Hypertension 342 (46.2%) 342 (68.6%) <0.0001
Diabetes 39 (5.2%) 59 (11.8%) <0.0001
Cardiac history 43 (5.9%) 82 (16.2%) <0.0001
Ischemic stroke history 45 (6.1%) 410 (82.3%) <0.0001
Vit K antagonist use 22 (3.0%) 58 (11.6%) <0.0001
Kidney failure 15 (2.1%) 2 (0.3%) 0.008
Cumulative risk ≥5 68 (9.2%) 209 (42.0%) <0.0001
Calcification presence 51 (6.9%) 152 (30.5%) <0.0001
None 690 (93.1%) 346 (69.5%) <0.0001
Mild 34 (4.6%) 111 (22.3%) <0.0001
Moderate 8 (1.1%) 38 (7.6%) <0.0001
Severe 9 (1.2%) 2 (0.6%) 0.29

SAH= subarachnoid hemorrhage; SD= standard deviation; SMART= second
manifestation of arterial disease study.
Bold= significant difference on α < 0.005.
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Table 2
Influence of risk factors on presence of hippocampal calcification in two cohorts.

Risk factor SAH cohort SMART cohort

HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI) HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI)

Age≥60 yr 30 (10.9%) 21 (4.5%) 2.60 (1.45–4.63) 2.39 (1.33–4.31) 86 (38.1%) 66 (24.2%) 1.92 (1.30–2.82) 1.91 (1.30–2.82)
Male sex 14 (6.3%) 37 (7.1%) 0.87 (0.46–1.65) 0.88 (0.46–1.71) 89 (31.3%) 63 (29.4%) 1.09 (0.74–1.61) 0.98 (0.66–1.46)
Lipid disorder 23 (8.9%) 28 (5.8%) 1.59 (0.86–2.97) 1.25 (0.66–2.38) 118 (31.5%) 34 (27.6%) 1.21 (0.77–1.90) 0.97 (0.60–1.56)
Overweight 21 (7.4%) 30 (6.5%) 1.14 (0.58–2.25) 1.02 (0.49–2.15) 85 (31.3%) 67 (29.6%) 1.08 (0.74–1.58) 1.10 (0.74–1.63)
Smoking 33 (6.5%) 18 (7.6%) 0.85 (0.45–1.61) 1.07 (0.53–2.12) 107 (30.8%) 45 (29.9%) 1.04 (0.69–1.58) 1.02 (0.66–1.55)
Family history 12 (5.7%) 39 (7.4%) 0.76 (0.35–1.65) 0.73 (0.33–1.60) 58 (32.2%) 94 (29.6%) 1.13 (0.76–1.67) 1.12 (0.75–1.68)
Risk factor HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI) HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI)
Hypertension 28 (8.2%) 23 (5.8%) 1.45 (0.82–2.58) 1.20 (0.66–2.16) 110 (32.2%) 42 (26.9%) 1.29 (0.85–1.97) 1.09 (0.71–1.69)
Diabetes 4 (10.3%) 47 (6.7%) 1.61 (0.55–4.74) 1.06 (0.35–3.22) 22 (37.3%) 130 (29.6%) 1.41 (0.80–2.49) 1.21 (0.68–2.16)
Cardiac history 6 (13.8%) 45 (6.5%) 2.33 (0.93–5.83) 1.29 (0.45–3.71) 25 (30.9%) 127 (30.4%) 1.02 (0.61–1.72) 0.87 (0.51–1.49)
Ischemic stroke history 5 (11.0%) 46 (6.6%) 1.75 (0.66–4.65) 1.21 (0.44–3.34) 125 (30.5%) 27 (30.7%) 0.99 (0.60–1.63) 0.97 (0.58–1.62)
Vit K antagonist use 5 (22.6%) 46 (6.4%) 4.30 (1.49–12.49) 2.95 (0.97–8.96) 18 (31.0%) 134 (30.5%) 1.03 (0.57–1.86) 0.89 (0.48–1.63)
Kidney disorder 2 (13.2%) 49 (6.8%) 2.10 (0.46–9.59) 2.27 (0.47–10.88) 1 (66.7%) 151 (30.4%) NA NA
Cumulative risk≥ 5 8 (11.9%) 43 (6.4%) 1.96 (0.77–5.00) 1.28 (0.45–3.62) 69 (33.0%) 83 (28.7%) 1.22 (0.83–1.79) 1.07 (0.72–1.60)

95% CI=95% confidence interval; bolt= significant result; HC=hippocampal calcification; NA=not applicable; OR=odds ratio; SAH= subarachnoid he-
morrhage; SMART= second manifestation of arterial disease study.

a Adjusted for age, sex and unadjusted significant risk factors.

Table 3
Influence of risk factors on moderate/severe hippocampal calcification in two cohorts.

Risk factor SAH cohort SMART cohort

HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI) HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI)

Age ≥60 yr 7 (2.5%) 10 (2.1%) 1.19 (0.45–3.17) 0.98 (0.34–2.81) 29 (12.8%) 12 (4.4%) 3.19 (1.59–6.41) 2.76 (1.41–5.39)
Male sex 5 (2.2%) 12 (2.3%) 0.97 (0.34–2.78) 1.06 (0.37–3.07) 31 (10.9%) 10 (4.7%) 2.50 (1.20–5.22) 2.11 (1.44–3.09)
Lipid disorder 6 (2.4%) 11 (2.2%) 1.06 (0.36–3.10) 0.86 (0.29–2.55) 31 (8.3%) 10 (8.1%) 1.02 (0.49–2.15) 0.59 (0.27–1.31)
Overweight 7 (2.3%) 11 (2.3%) 1.00 (0.31–3.21) 0.91 (0.27–3.02) 21 (7.7%) 20 (8.8%) 0.86 (0.46–1.63) 0.77 (0.55–1.08)
Smoking 9 (1.7%) 8 (3.5%) 0.48 (0.17–1.37) 0.58 (0.19–1.70) 27 (7.8%) 14 (9.3%) 0.82 (0.42–1.61) 0.74 (0.37–1.48)
Family history 4 (2.0%) 13 (2.4%) 0.82 (0.23–2.90) 0.83 (0.24–2.91) 13 (7.2%) 28 (8.8%) 0.80 (0.41–1.59) 0.84 (0.42–1.70)
Risk factor HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI) HC n (%) No HC n (%) Unadjusted OR (95% CI) Adjusteda OR (95% CI)
Hypertension 6 (1.8%) 11 (2.8%) 0.63 (0.23–1.72) 0.53 (0.19–1.47) 35 (10.2%) 6 (3.8%) 2.88 (1.19–6.99) 2.15 (0.87–5.31)
Diabetes 3 (7.8%) 14 (2.0%) 4.14 (1.13–15.11) 3.06 (0.81–11.55) 6 (10.2%) 35 (8.0%) 1.31 (0.53–3.25) 0.80 (0.49–1.29)
Cardiac history 1 (2.3%) 16 (2.3%) 1.01 (0.13–7.77) 0.72 (0.09–5.73) 6 (7.4%) 35 (8.4%) 0.87 (0.36–2.13) 0.52 (0.21–1.33)
Ischemic stroke history 1 (2.2%) 16 (2.3%) 0.96 (0.12–7.38) 0.65 (0.08–5.20) 34 (8.3%) 7 (8.0%) 1.05 (0.45–2.44) 1.21 (0.55–2.65)
Vit K antagonist use 1 (4.5%) 16 (2.2%) 2.09 (0.26–16.61) 1.37 (0.16–11.54) 7 (12.1%) 34 (7.7%) 1.64 (0.69–3.89) 1.05 (0.43–2.59)
Kidney disorder 0 (0%) 17 (2.3%) NA NA 0 (0%) 41 (8.3%) NA NA
Cumulative risk≥5 3 (3.7%) 15 (2.2%) 1.70 (0.39–7.48) 1.36 (0.30–6.13) 16 (7.6%) 25 (8.7%) 0.87 (0.45–1.68) 0.63 (0.32–1.25)

95% CI=95% confidence interval; bolt= significant result; HC=hippocampal calcification; NA=not applicable; OR=odds ratio; SAH= subarachnoid he-
morrhage; SMART= second manifestation of arterial disease study.

a Adjusted for age, sex and unadjusted significant risk factors.

Fig. 2. Cumulative percentage of hippocampal calcification presence and absence as a function of age at date of computed tomography (CT) for both cohorts.
(A) Subarachnoid hemorrhage (SAH) cohort. (B) Second manifestation of ARTerial disease study (SMART) cohort.
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3.2. SMART cohort

In the SMART cohort, we also found that age was associated with
hippocampal calcification, with the mean age being higher in the group
with calcification present (60 ± 11 yr) compared to the group without
calcification (56 ± 12 yr, p < 0.001) and patients ≥60 years having
more often hippocampal calcification (38.1%) than patients< 60 years
(24.2%; adjusted OR 1.91, 95% CI 1.30–2.82). In this cohort, age was
associated with calcification severity as well, with the mean age being
higher in patients with moderate/severe calcification (63 ± 9 yr)
compared to those with none/mild calcification (57 ± 11 yr,
p=0.001) and patients ≥60 years having moderate/severe calcifica-
tion more often (12.8%) than patients< 60 years (4.4%; adjusted OR
2.76, 95% CI 1.41–5.39). The relationship between age and hippo-
campal calcification is shown graphically in Fig. 2B, indicating an in-
crease in prevalence starting at age 40. Male sex was not associated
with the presence of calcification, but was associated with the presence
of moderate/severe calcification, with more men (10.9%) than women
(4.7%) having moderate/severe calcification (adjusted OR 2.11, 95% CI
1.44–3.09). For all other risk factors, including for the cumulative risk
score of all the risk factors, no significant association with hippocampal
calcification was found (Tables 2 and 3).

4. Discussion

In two cohorts of patients after subarachnoid hemorrhage and pa-
tients with increased cardiovascular risk, we found that increasing age
was associated with both the presence of hippocampal calcification and
the presence of moderate/severe hippocampal calcification. The gra-
phical display suggests the increase in prevalence starts at age 40 and
increases substantially over the years. No consistent associations were
observed with the presence of hippocampal calcification for all other
factors sex, lipid disorder, overweight, smoking, family history, hy-
pertension, diabetes, cardiac history, ischemic stroke history, vitamin K
antagonist use, and kidney disorder, previously established as risk
factor for other types of arterial calcification, being coronary artery
calcification [6,12–15,17,20–23] and carotid artery calcification
[5,10,11,17,20,21]. For the cumulative risk score of five or more of
these risk factors, no association with hippocampal calcification could
be established, strengthening our conclusions.

The influence of age reflects previous studies on hippocampal cal-
cification. The first study on hippocampal calcification, a retrospective
cohort study with 300 patients ranging in age from 0 to 99, found a
prevalence of 21.7% in patients older than 50 years while no calcifi-
cation was found in younger subjects [2]. To the best of our knowledge,
there are two previous, recent papers on other risk factors of hippo-
campal calcification besides age. The first study, a prospective multi-
center cohort study of 1130 patients of 18 years and older, which had
an ischemic stroke, found an association between hippocampal calci-
fication and the risk factors age, diabetes and hyperlipidemia, but no
association was found with sex, stroke history, hypertension, family
history, smoking, BMI and GFR [8]. The second study, a retrospective
cohort study of 1991 patients ranging in age from 45 to 96, who were
referred to a memory clinic with cognitive complaints, found age,
diabetes, and smoking to be related to hippocampal calcification, while
hypertension and hyperlipidemia were not [9]. We have no clear ex-
planation for the discrepancies in the findings on diabetes and smoking.
For hyperlipidemia, different definitions were used between different
studies, which may explain why in one study an association was found
with hippocampal calcifications while others did not. Besides the
comparison with other studies on hippocampal calcification, it is in-
teresting to remark the discrepancy in risk factors for hippocampal
calcification compared to those for arterial calcifications elsewhere in
the body, being the coronary arteries and the carotid arteries. While we
found no association of all risk factors studied besides age, all these risk
factors are quite undisputed risk factors for calcification of the coronary

arteries and the carotid arteries [10–17,20–23]. This suggests that pa-
thophysiology differs between different locations of calcification, which
might lead to different optimal treatment options in the prevention of
intracranial calcification, if any treatment would be needed.

A recent study validated hippocampal calcifications on CT scan with
histology to be located in the adventitial and medial layer of capillaries
and arterioles located in the tail of the hippocampus [1]. This might
mean the calcifications we found are not atherosclerotic in origin since
atherosclerosis mainly occurs in the intima layer [7], which might be a
reason why some of the classic cardiovascular risk factors are not risk
factors for hippocampal calcification. It has also been suggested that
these calcifications are caused by hypoxia [1], with the hypoxia causing
damaging of the vessel wall where calcification plaques can start
forming. If so, we would expect a higher prevalence in patients with a
medical history of ischemic stroke, which was not the case, although
the number of these patients was small. Therefore, our results are un-
expected and further investigations into the etiology of these calcifi-
cations are needed. These investigations may explain why risk factors
differ between different locations of calcification.

The strength of this study relies in the large sample size of the study
population, combining two different cohorts from one center where
calcification was scored in the same way and using the same CT-
scanner, scanning protocol and viewer. Although the sample size was
large enough to detect clinically relevant ORs, the prevalence of certain
risk factors was smaller than expected, causing limited power to state
conclusions with certainty for these risk factors. A limitation is the
cross-sectional study design, limiting the possibility to detect causal
relations. In addition, the scoring of some risk factors was slightly dif-
ferent between the two cohorts: in the SMART cohort, overweight was
defined as BMI> 25 kg/m2 and renal disease as GFR<30mL/min,
whereas in the SAH cohort, for these factors also the clinical diagnosis
was used. However, we do not expect this difference in definitions will
have much influence on our results since in the SAH cohort clinical
diagnosis of renal disease without a GFR<30mL/min or a clinical
diagnosis of overweight without a BMI>25 km/m2 did not occur
often.

4.1. Conclusion

In conclusion, in two cohorts of cardiovascular patients, one with
subarachnoid hemorrhage and the other with increased cardiovascular
risk, we observed that age was an important risk factor for hippocampal
calcification, while other cardiovascular risk factors were not. Our
findings suggest that risk factors differ between coronary artery and
carotid artery calcification on the one hand, and hippocampal calcifi-
cation, on the other hand. More research on the pathophysiology of this
difference and calcification in other intracranial arteries is needed.

Conflict of interest

The authors declared they do not have anything to disclose re-
garding conflict of interest with respect to this manuscript.

Author contributions

MJAK, CL, YMR and PAJ designed the study. MJAK, MEMP, MIG
and the SMART Study Group participated in data acquisition. MJAK
and YMR performed statistical analyses and participated in inter-
pretation of the data. CL made the figure. YMG and PAJ supervised the
study. MJAK drafted the article. MEMP, CL, MIG, PAJ, YMG and the
SMART study group approved the final version of the manuscript before
submission.

Acknowledgements

We gratefully acknowledge the contribution of the SMART research

M.J.A. van der Knaap, et al. Atherosclerosis: X 1 (2019) 100005

5



nurses; R. van Petersen (data-manager); B.G.F. Dinther (vascular man-
ager) and the participants of the SMART Study Group.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.athx.2019.100005.

References

[1] M.E. Peters, R. Kockelkoren, E.J.M. de Brouwer, et al., Histological validation of
calcifications in the human hippocampus as seen on Computed Tomography, PLoS
One 13 (5) (2018 May) e0197073.

[2] A.P.T. Chew, G. Gupta, S. Alataks, M. Schneider-Kolsky, S.L. Stuckey, Hippocampal
calcification prevalence at CT: a retrospective review, Radiology 265 (2) (2012
Nov) 504–510.

[3] R. Kockelkoren, J.B. de Vis, Mali WPThM, et al., Hippocampal calcification on
computed tomography in relation to cognitive decline in memory clinic patients: a
case-control study, PLoS One 11 (11) (2016 Nov) e0167444.

[4] J. Gossner, Hippocampal calcifications are not associated with dementia and seem
to be an incidental age-related finding, Diagn. Interv. Imag. 98 (1) (2017 Jan)
83–84.

[5] X.H. Wu, X.Y. Chen, L.J. Wang, K.S. Wong, Intracranial artery calcification and its
clinical significance, J. Clin. Neurol. 12 (3) (2016 Jul) 253–261.

[6] T. Nakahara, M.R. Dweck, N. Narula, D. Pisapia, J. Narula, W. Strauss, Coronary
artery calcification: from mechanism to molecular imaging, J. Am. Coll. Cardiol.
Img. 10 (5) (2017 May) 582–593.

[7] A. Vos, W. van Hecke, W.G.M. Spliet, et al., Predominance of nonatherosclerotic
internal elastic lamina calcification in the intracranial internal carotid artery,
Stroke 47 (1) (2016 Jan) 221–223.

[8] R. Kockelkoren, J.B. De Vis, M. Stavenga, et al., Hippocampal calcification on brain
CT: prevalence and risk factors in a cerebrovascular cohort, Eur. Radiol. 28 (9)
(2018 Sep) 3811–3818.

[9] E.J.M. de Brouwer, R. Kockelkoren, J.J. Claus, et al., Hippocampal calcifications:
risk factors and association with cognitive function, Radiology 288 (3) (2018 Sep)
815–820.

[10] D. Bos, M.J.M. van der Rijk, T.E.A. Geeraedts, et al., Intracranial carotid artery
atherosclerosis. Prevalence and risk factors in the general population, Stroke 43 (7)
(2012 Jul) 1878–1884.

[11] T.T. De Weert, H. Cakir, S. Rozie, et al., Intracranial internal carotid artery calci-
fications: association with vascular risk factors and ischemic cerebrovascular

disease, Am. J. Neuroradiol. 30 (1) (2009 Jan) 177–184.
[12] Y. Arad, K.J. Goodman, M. Roth, D. Newstein, D.G. Guerci, Coronary calcification,

coronary disease risk factors, C-reactive protein, and atherosclerotic cardiovascular
disease events: the S. Francis heart study, J. Am. Coll. Cardiol. 46 (1) (2005 Jul)
158–165.

[13] D.E. Bild, A.R. Folsom, L.P. Lowe, et al., Prevalence and correlates of coronary
calcification in black and white young adults: the coronary artery risk development
in young adults (CARDIA) study, Arterioscler. Thromb. Vasc. Biol. 21 (5) (2001
May) 852–857.

[14] R. Nicoll, Y. Zhao, P. Ibrahimi, G. Olivecrona, M. Henein, J. Moxon, Diabetes and
hypertension consistently predict the presence and extent of coronary artery cal-
cification in symptomatic patients: a systematic review and meta-analysis, Int. J.
Mol. Sci. 17 (9) (2016 Sep) 1481.

[15] S.M. Grundy, G.J. Balady, M.H. Criqui, et al., Primary prevention of coronary
HJeart disease: guidance from Framingham; a statement for Healthcare profes-
sionals from the AHA task force on risk reduction, Circulation 97 (18) (1998 May)
1876–1887.

[16] A.J. Gassett, L. Sheppard, R.L. McClelland, et al., Risk factors for long-term cor-
onary artery calcium progression in the multi-ethnic study of atherosclerosis, J. Am.
Heart Assoc. 4 (8) (2015 Aug) e001726.

[17] K. Yahagi, F.D. Kolodgie, C. Lutter, et al., Pathology of human coronary and carotid
artery atherosclerosis and vascular calcification in diabetes mellitus, Arterioscler.
Thromb. Vasc. Biol. 37 (2) (2017 Feb) 191–204.

[18] M.R. Grübler, W. März, S. Pilz, et al., Vitamin-D concentrations, cardiovascular risk
and events – a review of epidemiological evidence, Rev. Endocr. Metab. Disord. 18
(2) (2017 Jun) 259–272.

[19] R. Malik, E.C. Aneni, L. Roberson, et al., Measuring coronary artery calcification: is
serum vitamin D relevant? Atherosclerosis 237 (2) (2014 Dec) 734–738.

[20] N.C. Chen, C.Y. Hsu, C.L. Chen, The strategy to prevent and regress the vascular
calcification in dialysis patients, BioMed Res. Int. (2017 Feb) 9035193 (online).

[21] W.G. Goodman, G. London, K. Amann, et al., Vascular calcification in chronic
kidney disease, Am. J. Kidney Dis. 43 (3) (2004 Mar) 572–579.

[22] L.J. Schurgers, I.A. Joosen, E.M. Laufer, et al., Vitamin K-antagonists accelerate
atherosclerotic calcification and induce a vulnerable plaque phenotype, PLoS One 7
(8) (2012 Aug) e43229.

[23] R. Wallin, L. Schurgers, N. Wajih, Effects of the blood coagulation vitamin K as an
inhibitor of arterial calcification, Thromb. Res. 122 (3) (2008 Jan) 411–417.

[24] V. Jaruvongvanich, K. Wirunsawanya, A. Sanguankeo, S. Upala, Nonalcoholic fatty
liver disease is associated with coronary artery calcification: a systematic review
and meta-analysis, Dig. Liver Dis. 48 (12) (2016 Dec) 1410–1417.

[25] P.C. Simons, A. Algra, M.F. van de Laak, D.E. Grobbee, Y. van der Graaf, Second
manifestations of ARTerial disease (SMART) study: rationale and design, Eur. J.
Epidemiol. 15 (9) (1999 Oct) 773–781.

M.J.A. van der Knaap, et al. Atherosclerosis: X 1 (2019) 100005

6

https://doi.org/10.1016/j.athx.2019.100005
https://doi.org/10.1016/j.athx.2019.100005
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref1
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref1
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref1
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref2
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref2
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref2
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref3
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref3
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref3
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref4
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref4
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref4
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref5
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref5
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref6
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref6
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref6
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref7
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref7
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref7
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref8
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref8
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref8
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref9
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref9
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref9
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref10
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref10
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref10
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref11
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref11
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref11
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref12
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref12
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref12
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref12
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref13
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref13
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref13
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref13
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref14
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref14
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref14
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref14
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref15
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref15
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref15
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref15
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref16
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref16
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref16
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref17
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref17
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref17
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref18
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref18
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref18
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref19
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref19
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref20
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref20
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref21
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref21
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref22
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref22
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref22
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref23
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref23
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref24
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref24
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref24
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref25
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref25
http://refhub.elsevier.com/S2590-1354(19)30005-7/sref25

	Association of hippocampal calcification and cardiovascular risk factors in two patient cohorts
	Introduction
	Patients and methods
	Study population
	Imaging
	Risk factor definitions
	Data analysis
	Power calculation

	Results
	SAH cohort
	SMART cohort

	Discussion
	Conclusion

	Conflict of interest
	Author contributions
	Acknowledgements
	Supplementary data
	References




