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Chapter 5

Lower blood pressure, small vessel disease, and apathy  
in older persons with mild cognitive deficits
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Abstract

Background: In older persons, both high and low blood pressure (BP) are associated 
with symptoms of apathy. Population characteristics, such as burden of cerebral 
small vessel disease (CSVD), may underlie these apparently contradictory findings. 
We aimed to explore in older persons, whether the burden of CSVD affects the 
association between BP and apathy. 

Design: cross-sectional study.

Setting: primary care setting, the Netherlands.

Participants: community-dwelling older persons (mean age 80.7 years, SD 4.1) 
with mild cognitive deficits and using antihypertensive treatment, participating in 
the baseline measurement of the MRI sub-study (n=210) of the Discontinuation of 
Antihypertensive Treatment in the Elderly (DANTE) Study Leiden. 

Measurements: During home visits, BP was measured in a standardized way and 
apathy was assessed with the Apathy Scale (range 0-42). Stratified linear regression 
analyses were performed according to the burden of CSVD. A higher burden of 
CSVD was defined as ≥2 points on a compound CSVD score (range 0-3) defined as 
presence of white matter hyperintensities (>median), any lacunar infarct, and/or ≥2 
microbleeds.

Results: In the entire population, those with a lower systolic and those with a lower 
diastolic BP had more symptoms of apathy (β=-0.35, p=0.01 and β=-0.66, p=0.02, 
respectively). In older persons with a higher burden of CSVD (n=50, 24%), both 
lower systolic BP (β=-0.64, p=0.02) and lower diastolic BP (β=-1.6, p=0.01) were 
associated with more symptoms of apathy, whereas no significant association was 
found between BP and symptoms of apathy in older persons with a lower burden 
of CSVD (n=160).

Conclusions: Particularly in older persons with a higher burden of CSVD, lower 
BP was associated with more symptoms of apathy. Adequate BP levels for optimal 
psychological functioning may vary across older populations with a different 
burden of CSVD.
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Introduction

Apathy is defined as a lack of motivation and loss of interest in almost all daily 
activities and other persons, and is associated with a very high caregiver burden1. 
Apathy can occur as part of a depressive disorder2 and is particularly prevalent in 
patients with neurodegenerative diseases; however, apathy also frequently occurs 
in the older general population3. 
Both cerebrovascular and cardiovascular disease are risk factors for apathy4, 5. In 
a longitudinal study among people with the age of 85 and above, cardiovascular 
patho logy at baseline was associated with more symptoms of apathy during 
follow-up6. Results from other longitudinal studies suggest a bidirectional 
relation, demonstrating an association between apathy at baseline and incident 
vascular disease7. Although vascular disease in old age is a multifactorial result of 
accumulating damage, current blood pressure (BP) is a vascular factor that can 
still be treated. Cross-sectional studies show that both higher8 and lower BP9 are 
related to more symptoms of apathy. 
High BP, especially in middle age, can lead to cerebrovascular damage10 which, in 
turn, can lead to apathy4, 5. On the other hand, lower BP might lead to apathy via 
reduced cerebral blood flow11 and older persons may vary in their ability to maintain 
cerebral blood flow in the presence of low BP12. Also, in older persons, population 
characteristics that affect the regulation of BP may influence its association with 
neuropsychiatric symptoms. 
In the Discontinuation of Antihypertensive Treatment in the Elderly (DANTE) 
Study Leiden, we previously found that the cross-sectional association between 
lower BP and apathy was present only in those with worse functional ability; and 
we hypothesized that worse functional ability might be a proxy for a higher burden 
of cerebral small vessel disease (CSVD)9. 
In a sub-population of participants of the DANTE Study Leiden that also underwent 
magnetic resonance imaging (MRI), the present study investigated whether the 
relationship between BP and apathy differed depending on the burden of CSVD. Our 
hypothesis was that, in older persons with a higher burden of CSVD, a lower rather 
than a higher BP would be associated with more symptoms of apathy.
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Methods

Study design and participants

Baseline data from the DANTE Study Leiden were used for this study. The DANTE 
Study Leiden, a randomized clinical trial, aimed to investigate whether in older 
persons with mild cognitive deficits, neuropsychological functioning would 
improve after temporary discontinuation of antihypertensive treatment. Details 
on the design of the study are described elsewhere13. In brief, from 2011-2013, 430 
participants were included from general practices. Participants were included 
when they had mild cognitive deficits (defined as a Mini Mental State Examination 
[MMSE] score of 21-27) and used antihypertensive medication. Participants were 
excluded when they had a history of stroke, major cardiovascular disease including 
heart failure, a clinical diagnosis of dementia, or a systolic BP >160 mmHg. In a 
subset of the population (n=220), at baseline 3Tesla MRI scanning of the brain 
was performed. Participants were excluded from this sub-study if they had a 
contra-indication for MRI or were unwilling to participate in the MRI sub-study. 
Due to movement artefacts one participant was excluded, and nine other patients 
had missing data (on the outcome measure, or on MRI parameters), leaving 210 
participants for the present analysis.
All patients gave informed consent to participate in the DANTE Study Leiden, which 
was approved by the Medical Ethics committee of the Leiden University Medical 
Center.

Measurement of BP

Using a digital sphygmomanometer (Omron M6 Comfort) BP was measured twice 
on the right arm in seated position; the average of the two measurements was used 
for the analyses. Pulse pressure (PP) was calculated as ‘systolic BP minus diastolic 
BP’ and mean arterial pressure (MAP) as ‘(2/3)∙diastolic BP+(1/3)∙systolic BP’.

Measurement of symptoms of apathy

Symptoms of apathy were measured with the Starkstein Apathy Scale14. This 
instrument uses self-report combined with clinical assessment to evaluate the 
presence of symptoms of apathy. It contains 14 items, each scored 0-3, yielding a 
total score of 0-42 with higher scores indicating more symptoms of apathy. A cut-off 
of ≥14 was used for clinically relevant apathy14.

Brain imaging

Whole-brain, 3DT1-weighted (repetition time[TR]/echo time[TE]=9.7/4.6, flip 
angle[FA]=8°, voxel size=1.17x1.17x1.40mm) images were acquired on a 3 Tesla 
MRI scanner (Philips Medical Systems, Best, the Netherlands). Details on imaging 
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acquisition and image processing are described elsewhere15. For the evaluation of 
features of CSVD, fluid attenuated inversion recovery (FLAIR) (TR/TE=11 000/125 
msec, FA=90°), T2*-weighted (TR/TE=45/31 msec, FA=13°) and T2-weighted images (TR/
TE=4200/80msec, FA=90°) were used. White matter hyperintensity (WMH) volume 
was quantified on FLAIR MRI in a semi-automated manner using the Oxford Centre 
for Functional MRI of the Brain (FMRIB) Software Version 5.0.1. Library (FSL; www.
fmrib.ox.ac.uk/fsl)15, 16. A trained single rater (JFD), blinded for clinical data, visually 
scored cerebral microbleeds and lacunar infarcts. A second rater (JG) with more than 
15 years of neuroradiological experience supervised the rating. Lacunar infarcts were 
assessed on FLAIR and T2- and 3DT1-weighted images. Parenchymal defects (signal 
intensity identical to cerebrospinal fluid on all sequences) of ≥3 mm in diameter, 
surrounded by a zone of parenchyma with increased signal intensity on T2-weighted 
and FLAIR images, were defined as lacunar infarcts. Cerebral microbleeds were 
defined as punctate hypointense foci (on T2 images), which increased in size on T2*-
weighted images (blooming effect)17. Symmetric hypointensities in the basal ganglia, 
likely to represent calcifications or non-hemorrhagic iron deposits, were disregarded. 

Measurement of burden of CSVD

As of yet, no universal scale for burden of CSVD is available. Based on previous 
literature and available MRI features, the burden of CSVD was defined as having ≥2 
of the following features: high WMH volume (dichotomized based on the median 
volume), presence of any lacunar infarct, and/or the presence of ≥2 microbleeds18-20. 
The role of cortical atrophy was assessed separately.

Other measurements

Sociodemographic factors were assessed using a structured clinical interview. 
Information on medication and medical history was obtained from the general 
practitioner’s records. Level of education was dichotomized at 6 years of education. 
Use of alcohol was dichotomized at 14 units per week. The presence of a chronic 
disease was defined as ≥1 of the following: diabetes mellitus, Parkinson’s disease, 
osteoarthritis, or a malignancy. Presence of cardiovascular disease was defined 
as ≥1 of the following: peripheral vascular disease, myocardial infarction >3 years 
ago, or a coronary reperfusion intervention >3 years ago (comprising percutaneous 
cardiac intervention and/or coronary artery bypass graft). Participants with 
a recent (<3 years ago) history of myocardial infarction or recent (<3 years ago) 
coronary reperfusion were excluded from the DANTE Study for safety reasons. Use 
of psychotropic medication was defined as using ≥1 of the following: antidepressants, 
antipsychotics, or benzodiazepines.
Depressive symptoms were measured with the Geriatric Depression Scale-15 (GDS-
15)21. Since three items of the GDS-15 have a strong overlap with symptoms of apathy6, 22,  
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only the remaining 12 items (GDS-12) were used in this analysis (range 0-12; higher 
scores indicating more symptoms). Functional ability was measured with the 
Groningen Activity Rating Scale (GARS)23 (range 18-72; higher scores indicating 
worse functional ability). Global cognitive function was measured with the MMSE24 
(range 0-30; higher scores indicating better cognitive function). A high amount of 
global cortical atrophy was defined as low grey matter volume25, dichotomized on 
the median.

Statistical analysis

Data are presented as mean with standard deviation (SD), median with interquartile 
range (IQR), or number with percentage, where appropriate. The association between 
BP and symptoms of apathy was tested using linear regression. Betas (β) with 95% 
confidence intervals (CI) and p-values were calculated per 10 mmHg increase in BP 
as the independent variable and continuous Apathy Scale scores as the outcome 
variable. Based on previous knowledge of potentially important confounders, all 
analyses were adjusted for age, sex, level of education, use of alcohol, and the use of 
psychotropic medication. 
Stratified analyses were performed to investigate whether the association between 
BP and symptoms of apathy differed between older persons with a higher/lower 
burden of CSVD. The groups were split based on the cut-off of ≥2 features of CSVD19. 
To investigate the presence of statistical interaction, interaction terms (continuous 
BP parameter x burden of CSVD) were added to the linear regression models and 
p-values were calculated. To investigate the role of global neocortical atrophy in 
the association between BP and apathy, we separately stratified for the amount of 
global cortical atrophy. Furthermore, global cortical atrophy was added to the CSVD 
compound score, and the stratified analysis for higher/lower burden of CSVD was 
repeated using a cut-off of ≥2 features. Because the role of microbleeds might differ 
based on their localization17, separate analyses were performed for lobar/non-lobar 
microbleeds. Unless stated otherwise, p-values for the continuous associations are 
presented. A p-value of <0.05 was considered statistically significant.

Results

Sociodemographic and clinical characteristics 

Table 5.1 presents details on the population of the DANTE Study Leiden MRI sub-
study; mean age was 80.7 (4.1) years, and 57.1% was female. Clinically relevant 
apathy was present in 22.9% of the population and, at baseline, all participants used 
antihypertensive treatment.



Blood pressure, cerebral small vessel disease, and apathy

81

5

Table 5.1 Characteristics of participants of the DANTE MRI sub-study (n=210)

Demographic
Age (years) 80.7 (4.1)
Female 120 (57.1)
> 6 years of education 150 (71.4)

Clinical
Current smoking 16 (7.6)
Use of alcohola 21 (10.0)
History of CVDb 17 (8.1)
Presence of chronic diseasec 131 (61.9)
Use of psychotropic medicationd 35 (16.7)
Use of beta blockers 78 (37.1)

Psychological and physical functioning
Apathy Scale scoree 10.7 (4.5)
Apathy Scale ≥14 48 (22.9)
GDS-12 scoref 1 (0-2)
MMSE scoreg 26 (25-27)
GARS scoreh 22 (19-28)

Blood pressure parameters (mmHg)
Systolic blood pressure 145.6 (21.1)
Diastolic blood pressure 80.6 (10.7)
Pulse pressure 65.0 (15.4)
Mean arterial pressure 102.3 (13.2)

Features of cerebral small vessel disease
White matter hyperintensity volume (mL) 20.9 (8.8-56.2)
High white matter hyperintensity volumei 103 (49.0)
Any lacunar infarct present 57 (27.1)
≥2 microbleeds present 28 (13.3)
High burdenj 51 (23.8)

Data are presented as mean (SD), number (%), or median (IQR) when appropriate
a: dichotomized at ≥14 units per week
b: CVD, cardiovascular disease: myocardial infarction, percutaneous coronary intervention or coronary 
artery bypass graft ≥3 years before, peripheral arterial disease
c: chronic diseases comprise ≥1 of type 2 diabetes, Parkinson’s disease, chronic obstructive pulmonary 
disease, osteoarthritis, and/or malignancy
d: psychotropic medication comprises ≥1 of antipsychotic and antidepressant medication, 
benzodiazepines
e: Apathy Scale. Range 0-42, higher scores indicate more symptoms of apathy
f: Geriatric Depression Scale-12. Range 0-12, higher scores indicate more symptoms of depression
g: MMSE, Mini Mental State Examination. Range 0 -30, higher scores indicate better cognitive function
h: GARS, Groningen Activity Rating Scale. Range 18-72 points, higher scores indicate worse functional 
status
i: dichotomized at the median
j: Higher burden of CSVD, cerebral small vessel disease, is defined as presence of ≥2 out of high white 
matter hyperintensity volume, any lacunar infarct, ≥2 microbleeds
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Association between BP and apathy

In the entire population (n=210), those with a lower systolic and those with a lower 
diastolic BP had more symptoms of apathy (β=-0.35, p=0.01 and β=-0.66, p=0.02, 
respectively). A lower MAP was also associated with more symptoms of apathy 
(β=-0.59, p=0.01) while PP was not significantly associated with symptoms of apathy 
(β=-0.37, p=0.07). None of the BP parameters was associated with symptoms of 
depression (data not shown).

Association between BP and apathy in strata of CSVD

Table 5.2 shows the association between BP parameters and symptoms of apathy 
in the strata of higher/lower burden of CSVD. In those with a higher burden of 
CSVD, lower systolic BP (β=-0.64, p=0.02), lower diastolic BP (β=-1.6, p=0.01), and 
lower mean arterial pressure (β=-1.1, p=0.01) were associated with more symptoms 
of apathy. In contrast, there was no significant association between any of the BP 
parameters and symptoms of apathy in those with a lower burden of CSVD. The 
p-value for interaction was 0.29 for systolic BP and 0.04 for diastolic BP. No BP 
parameters were associated with symptoms of depression in any of the groups 
(data not shown).
Figure 5.1 shows a consistent pattern of a stronger association of lower BP and 
symptoms of apathy in the presence of CSVD, when stratifying on the separate 
CSVD features. 
When stratified for global cortical atrophy, a lower systolic BP was associated 
with more symptoms of apathy in those with more global cortical atrophy (β= 
-0.54, p=0.02), whereas this association was absent in those with less global cortical 
atrophy (β=-0.15, p=0.38). Diastolic BP was not associated with symptoms of 
apathy in either stratum of global cortical atrophy (β=-0.79, p=0.09 in those with 
more global cortical atrophy, and β=-0.23, p=0.50 in those with less global cortical 
atrophy). When global cortical atrophy was added to the CSVD compound score, the 
results did not change. The results did not differ between older persons with lobar 
or non-lobar microbleeds. Additional adjustment for cognitive function (MMSE) or 
presence of chronic diseases did not change the results (data not shown).
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Table 5.2 Mean scores of Apathy Scale per blood pressure level, stratified by 
cerebral small vessel disease (n=210)

Higher burden of cerebral small vessel 
disease (n=50)

Lower burden of cerebral small vessel 
disease (n=160)

Mean  
(SE)

β  
(95% CI) P

Mean  
(SE)

β  
(95% CI) P

P for 
inter-
action

Systolic blood 
pressure

Systolic blood 
pressure

Low (n=14) 12.8 (1.2) Low (n=58) 11.0 (0.57)
Middle (n=15) 11.3 (1.2) Middle (n=54) 10.4 (0.58)
High (n=21) 11.3 (0.96) High (n=48) 9.7 (0.63)
Per 10 mmHg -0.64  

(-1.12 to 
-0.12)

0.02 Per 10 mmHg -0.24 
(-0.57 to 
0.09)

0.15 0.29

Diastolic blood 
pressure

Diastolic blood 
pressure

Low (n=16) 14.4 (1.0) Low (n=53) 11.0 (0.60)
Middle (n=17) 10.5 (1.0) Middle (n=53) 10.8 (0.59)
High (n=17) 10.3 (0.98) High (n=54) 9.4 (0.59)
Per 10 mmHg -1.6  

(-2.8 to 
-0.46)

0.01 Per 10 mmHg -0.38  
(-1.0 to 
0.25)

0.23 0.04

Pulse pressure Pulse pressure
Low (n=14) 12.8 (1.2) Low (n=56) 10.9 (0.57)
Middle (n=14) 11.3 (1.2) Middle (n=54) 10.6 (0.59)
High (n=22) 11.3 (0.95) High (n=50) 9.6 (0.62)
Per 10 mmHg -0.71  

(-1.5 to 
0.08)

0.08 Per 10 mmHg -0.27 
(-0.72 to 
0.19)

0.25 0.60

Mean arterial 
pressure

Mean arterial 
pressure

Low (n=16) 13.7 (1.1) Low (n=54) 11.1 (0.58)
Middle (n=15) 10.5 (1.1) Middle (n=54) 10.4 (0.58)
High (n=19) 10.9 (0.97) High (n=52) 9.6 (0.60)
Per 10 mmHg -1.1  

(-2.0 to 
-0.32)

0.01 Per 10 mmHg -0.38 
(-0.90 to 
0.14)

0.15 0.12

Unstandardized betas (β) with 95% confidence intervals (CI) calculated for each 10 mmHg increase in 
blood pressure. P for interaction between blood pressure parameter and burden of cerebral small vessel 
disease. All analyses adjusted for age, sex, level of education, use of alcohol, and use of psychotropic 
medication. Higher cerebral small vessel disease burden is defined as presence of ≥2 out of high white 
matter hyperintensity volume (dichotomized on the median), any lacunar infarct, ≥2 microbleeds
Tertiles of systolic blood pressure: low ≤136.5, middle 136.5-152, high >152 mmHg. Tertiles of diastolic blood 
pressure: low ≤76.0, middle 76.5-84.5, high ≥85 mmHg. Tertiles of pulse pressure: low ≤58.0, middle 58.5-
69.0, ≥69.5 mmHg. Tertiles of mean arterial pressure: low ≤97.0, middle 97.2-107.0, high ≥107.5 mmHg.
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A: systolic blood pressure
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B:diastolic blood pressure

-2 -1 0 1

<2 microbleeds (n=182)

³2 microbleeds (n=28)
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b for apathy with 95% CI per 10 mmHg increase in PP

C:pulse pressure
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<2 microbleeds (n=182)

³2 microbleeds (n=28)

No lacunar infarct (n=153)

³1 lacunar infarct (n=57)

Lower WMH volume (n=107)

Higher WMH volume (n=103)

CSVD low (n=160)

CSVD high (n=50)

b for apathy with 95% CI per 10 mmHg increase in MAP

D: mean arterial pressure

Figure 5.1 Association between blood pressure parameters and symptoms of 
apathy in strata of different features of cerebral small vessel disease
CSVD denotes cerebral small vessel disease; WMH, white matter hyperintensity; β, beta; CI, confidence 
interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean 
arterial pressure. All analyses adjusted for age, sex, level of education, use of alcohol, and use of 
psychotropic medication. Higher cerebral small vessel disease (CSVD) burden is defined as presence of 
≥2 out of: high white matter hyperintensity volume (dichotomized on the median), any lacunar infarct, ≥2 
microbleeds. 

Discussion

This study among community-dwelling older persons with mild cognitive deficits 
using antihypertensive medication found that, in those with a higher burden of 
CSVD, lower BP was associated with more symptoms of apathy. In contrast, in older 
persons with a lower burden of CSVD, BP was not associated with symptoms with 
apathy. 
Although there is extensive evidence for the association between BP and cognitive 
function12, few studies have investigated the association between BP and symptoms 
of apathy. The present findings extend our previous results showing that lower BP 
is cross-sectionally associated with symptoms of apathy only in those with worse 
functional ability measured with the Groningen Activity Restriction Scale9. In contrast 
to our findings, the Netherlands Study of Depression in Older persons (NESDO) 
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demonstrated that not a lower but a higher BP was cross-sectionally associated 
with more symptoms of apathy in depressed older persons8. A possible explanation 
for this discrepancy might be that the NESDO study population was substantially 
younger than the DANTE population and that in NESDO, cerebrovascular damage 
was not taken into account as a potential effect modifier. However, the NESDO Study 
found no association between BP and depression severity8, which was confirmed 
in the present study. This supports the notion that apathy and depression in old 
age have specific risk factors and might be viewed as distinct clinical entities. Our 
findings of heterogeneity in the association between blood pressure and apathy 
are in line with studies showing that lower BP is specifically associated with worse 
cognitive function in older persons with worse functional ability26, higher biological 
age27, and a history of hypertension28. The relation between apathy and cognitive 
impairment may be bidirectional29, since severity of cognitive impairment has been 
related to more symptoms of apathy3, while apathy has also been shown to predict 
worse cognitive function29. In our study, adjusting our main analyses for cognitive 
function (MMSE) did not change the results, suggesting that cognitive function 
does not influence the association between apathy and BP in strata of CSVD.
Although no causal relations can be inferred from the present study due to the 
cross-sectional design, we can speculate on potential mechanisms underlying the 
association between lower BP and apathy in those with a higher burden of CSVD. 
First, older persons with a higher burden of CSVD may be unable to maintain their 
cerebral perfusion in the presence of low systemic BP. This hypothesis is supported 
by the finding of impaired cerebral blood flow in persons with more CSVD30. If 
impaired cerebral blood flow occurs in regions involved in the regulation of drive 
and motivation31, this might explain why we found an association between lower BP 
and symptoms of apathy in those with more CSVD. This is further supported by the 
finding that lower BP was also associated with symptoms of apathy in those older 
persons with more global cortical brain atrophy, which has also been associated 
with worse cerebral perfusion32, 33. However, the DANTE trial demonstrated that 
a 4-month elevation of BP does not lead to a reduction in symptoms of apathy13. 
An alternative explanation might be that cardiac dysfunction is related to both 
lower BP and apathy. Although older people with a diagnosis of heart failure were 
excluded from the DANTE Study Leiden because of safety issues, even sub-clinical 
heart failure is linked to a lower BP34 and might also be associated with more 
neuropsychiatric symptoms, including apathy35. 
This study has several strengths. First, the DANTE population is a well-defined 
population of community-dwelling older persons. Apathy was measured with an 
instrument specifically designed to measure symptoms of apathy and the inter-
rater variability of this instrument in the DANTE Study Leiden was low13. Also, being 
the main determinant in the DANTE Study, BP was measured very carefully. 
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However, several limitations also need to be considered. First, the cross-sectional 
design not only hampers causal inference, but also does not rule out the possibility 
of reversed causality. In this respect, a recent meta-analysis of longitudinal studies 
demonstrated that apathy is an independent risk factor for cardiovascular disease7. 
Second, although we adjusted for potential confounders, the possibility of residual 
confounding cannot be ruled out. Further, some of the subgroups consisted of 
relatively low numbers. However, our findings are consistent among multiple sub 
groups (e.g. those with high total CSVD load, high WMH volume, and presence of 
lacunar infarcts) and across the different BP measures. Also, no measurements of 
(sub-clinical) heart failure were available in the DANTE Study Leiden, because no 
blood samples were taken and no echocardiograms/electronic cardiograms were 
performed. Lastly, the DANTE population was selected to participate in a clinical 
trial. This inevitably led to a selection of relatively well-functioning older persons 
and, probably, those with the highest levels of apathy were less likely to participate; 
this limits the generalizability of our results. 
Although these limitations preclude our findings from being directly translated into 
clinical practice, the study does generate new hypotheses for further research. For 
example, in studies that also measure cardiac function36, the hypothesis can be 
tested that the relation between lower BP and apathy is at least partly explained by 
sub-optimal cardiac function in older persons with CSVD. Furthermore, future trials 
investigating the effect of lowering of BP or, conversely, the effect of discontinuation 
of antihypertensive treatment, should take into account that the beneficial effects 
on apathy may vary between sub-populations of older persons. 
In conclusion, in this study among older persons with mild cognitive deficits 
using antihypertensive medication, particularly in those with a higher burden of 
CSVD, lower BP was associated with more symptoms of apathy. Adequate BP levels 
for optimal psychological functioning may vary across older populations with a 
different burden of CSVD.
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