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CHAPTER 4

Abstract

Objectives: We evaluated the prevalence of sleep impairment in adult survivors of 

pneumococcal meningitis and its effect on quality of life in a prospective nationwide 

cohort study.

Methods: Adult survivors of community-acquired pneumococcal meningitis who 

participated in a Dutch prospective observational cohort study, the MeninGene 

study, were contacted for the follow-up study 1-5 years after the disease episode. 

Control subjects were proxies of the patients. Participants completed the Pittsburgh 

Sleep Quality Index (PSQI), Research And Development 36-item Short Form Survey 

(RAND-36) and Profile of Mood States (POMS) questionnaires. Clinical information 

was prospectively collected in the MeninGene study database. Multivariable linear 

regression and Spearman rank correlations (r
s) were calculated.

Results: Eighty adults with a history of pneumococcal meningitis and 68 healthy 

controls participated in the study. Thirty-eight percent of all patients slept poorly 

(PSQI>5), versus 23% of the controls (p=0.04). Poor sleep quality correlated with 

lower overall quality of life (rs=-0.55, p<0.001). Having meningitis, gender and POMS-

depression score explained 25% of the variance in the PSQI score (p<0.001). Female 

gender was the strongest predictor for a poor PSQI score. No relationship between 

sleep impairment and the clinical parameters during admission or neurological 

outcome was found.

Conclusions: Survivors of pneumococcal meningitis are at risk for sleep impairment 

but this was unrelated to the severity of the meningitis. Sleep impairment was 

associated with a significantly lower quality of life. 
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Introduction

The most common pathogen of bacterial meningitis is Streptococcus pneumoniae 

causing approximately 70% of community-acquired meningitis episodes 1. 

Pneumococcal meningitis has a high morbidity (23%) and mortality (18%) 1 and 
pneumococcal meningitis survivors often suffer from neurological sequelae, such 

as hearing loss (22-69%), focal neurological deficits (11-36%) and epileptic seizures 

(31%) 2-4. Even in patients with a good recovery, cognitive impairment is seen in 

one-third of the cases 5,6 and quality of life is decreased 5,7. A possibly underexposed 

sequela is sleep impairment, as an earlier study showed that 58% of bacterial and 

viral meningitis patients slept poorly 8. In this study 38 bacterial meningitis patients 

(of which 10 with pneumococcal meningitis) and 48 viral meningitis patients were 

evaluated between one to twelve years after the meningitis episode and were 

compared to 42 healthy control subjects. Another follow-up study reported that 15 

out of the 22 (68%) bacterial meningitis survivors suffered from sleep disturbances, 

but the investigators did not systematically assess these subjective complaints 9.

Sleep deprivation can impair cognitive performance, may diminish well-being, and 

increases the risk of traffic accidents and work-related injuries 10-13. Little is known 

about the occurrence of sleep impairments after pneumococcal meningitis. This 

study was designed to evaluate the prevalence of sleep impairment in a large group 

of pneumococcal meningitis survivors. Furthermore, we wanted to assess if these 

sleep impairments are associated with the perception of quality of life.

Methods

Selection method

Patients with a history of pneumococcal meningitis, who participated in a nation-

wide Dutch prospective cohort study on genetic risk factors in bacterial meningitis 

(the MeninGene study) were asked to participate in the follow-up study by letter or 

by telephone 1 year up to 5 years after their acute illness episode. Patients included 

in the MeninGene study had to be aged over 16 years and had a suspected history 

of bacterial meningitis according to clinical and CSF characteristics (glucose level 

<1.9mmol/L, a CSF glucose to blood glucose ratio of <0.23, protein level >0.22 g/L, or 

a white-cell count over 2,000 x 106/L or a positive gram stain) in combination with a 

positive bacterial culture or PCR of the CSF. 14 Exclusion criteria for the MeninGene 

study were a history of neurosurgery or neurotrauma less than one month before 

the bacterial meningitis onset or the presence of an extraventricular drain or 

neurostimulator in the central nervous system. Patients who gave no permission 

to be contacted for future follow-up studies and who suffered from bacterial 

4
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meningitis less than one year prior to the follow-up study were not approached. 

The control group consisted of partners or other proxies of the patients. Insufficient 

understanding of Dutch language or known cognitive impairment (unrelated to 

meningitis) led to exclusion in both groups. The participants were asked to provide 

written informed consent before participating in this study. The MeninGene study 

and this follow-up study were approved by the medical ethics committee of the 

Academic Medical Centre (AMC), Amsterdam.

Data collection

Clinical data concerning the patients’ pneumococcal meningitis episode had been 

prospectively collected in the MeninGene study database. The clinical data was 

registered by a local physician who was treating the patient at the time of inclusion, 

and/or completed by a researcher who extracted data from the discharge letters 

in case of missing data. The database contained information about the patient’s 

medical history, signs before admission, predisposing factors, neurological 

examination at admission and discharge, laboratory test results (including CSF 

examination and culture), imaging, complications during admission and treatment 

with antibiotics and adjunctive dexamethasone. Clinical outcome at discharge was 

scored using the Glasgow Outcome Scale (GOS) score, which ranges from 1 to 5 15. 

A score of 1 indicates death, 2 persistent vegetative state, 3 severe disability (not 

being able to live independently), 4 moderate disability (disabilities interfering with 

daily life but still capable of living independently), and 5 indicates good recovery 

without disabilities interfering with daily life.

Questionnaires

All study subjects were asked to fill in the Pittsburgh Sleep Quality Index (PSQI) 

questionnaire on the study assessment day. The PSQI is a reliable and valid 

instrument for assessing quality of sleep and consists of 19 questions, of which 

18 constitute seven subscores: subjective quality of sleep, sleep latency, sleep 

duration, sleep efficiency, sleep disturbances, use of sleeping medications and 

daytime dysfunction 16. We classified study subjects with a total score of >5 as 

a ‘poor sleeper’, which is the validated cut-off score when screening for sleep 

disorders 16.

In order to rule out depression as a possible confounder, the participants were 

asked to complete an abbreviated version of the Profile Of Mood States (POMS) 

questionnaire 17. The survey consists of 32 Likert-like scale items, regarding their 

mood at that moment, which could be divided into 5 subscales (tension, depression, 

anger, fatigue, and vigor). All the subscales together build up the POMS-Total Mood 

Disturbance (POMS-TMD) score. The Research and Development 36-Item Short 
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Form Health Survey (RAND-36) contains 36 questions about social and physical 

functioning, pain, emotional well-being, the perception of general health and health 

changes.18 A higher RAND-36 score indicates a higher perception of the quality of 

life, whereas a higher POMS-TMD score implies a more negative state of mood.

Statistics

We used the SPSS version 25.0.0.1 to perform the statistical analyses. Results with a 

non-normal distribution were presented as medians with interquartile ranges (IQRs) 

and in case of a normal distribution as means with standard deviations (SDs). The 

unpaired T-test was used for normally distributed continuous data and the Mann-

Whitney U test for skewed data. The Fisher Exact test was used when examining 

differences in frequencies between the two groups. A two-tailed p-value of <0.05 

was considered statistically significant, except for comparisons between the PSQI 

scores of patients and controls. In that case, we considered a one-tailed p-value 

<0.05 statistically significant because improvement of sleep quality as a result 

of bacterial meningitis was considered to be unlikely. A multiple linear regression 

analysis was performed in order to examine determinants that could predict poor 

sleep quality. These determinants were gender, age, educational level, clinical 

parameters concerning the bacterial meningitis episode (Glasgow Coma Scale 

[GCS] score on admission, focal abnormalities, seizures, CSF leukocyte count, 

blood leukocyte count, dexamethasone administration, intensive care unit [ICU] 

admission, GOS at discharge) and the POMS depression subscore. The Spearman 

rank correlation coefficient (r
s) was calculated to find correlations between the PSQI, 

POMS, RAND-36 scores and the clinical parameters.

Results

Population characteristics and clinical data

Between October 2011 and March 2015 440 cases of pneumococcal meningitis were 

registered in the MeninGene study. We selected all patients with complete data, DNA 

availability, and willingness to participate in follow-up studies who were alive at the 

time of study onset, which left 205 eligible patients (47%) for the follow-up study. 

After reaching out by letter and/or telephone, 131 patients (64%) responded and 80 

patients (39%) eventually came to the AMC to participate in the study. Most common 

reasons the patients declined to participate were somatic illness and/or large travel 

distance to the AMC. Sixty-nine patients were accompanied by a partner or relative 

who consented to participate as a control subject (figure 1).

4
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Figure 1. Patient selection of MeninGene Recall Study.

* Other reasons include migration to another country, meningitis <1 year ago or reason unclear.
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The distribution of age, gender, and education level was similar when comparing the 

patient and control group (table 1). The median (IQR) age of patients at admission was 

61 (53-66) years and the median time between admission and the assessment day 

was 2.3 (1.7-3.4) years (table 1). Twenty-four percent had a GOS of 3 or 4 (severe or 

moderate disability), versus 76% of patients who scored a GOS of 5 (good recovery). 

Eighty-six percent of all patients received adjuvant dexamethasone treatment 

before or during administering antibiotics.

Table 1. Characteristics of 80 patients and 69 controls in the follow-up study

Patients Controls

Baseline:

Ʌ  Females 41 (51%) 34 (49%)

Ʌ  Age, years 63 (56-69) 64 (54-68)

•  ≥ 60 53 (66%) 45 (67%)

•  45 – 59 18 (23% 12 (18%)

•  ≤ 44 9 (11%) 10 (15%)

Ʌ  Time since admission, years 2.3 (1.7-3.4)

Ʌ  Age at admission, years 60.8 (53.3-66.2)

Before admission:

Ʌ  Predisposing factors* 54/77 (70%)

Ʌ  Duration of symptoms <24 hours 35/79 (44%)

Presentation:

Ʌ  Glasgow coma scale <8 4/79 (5%)

Ʌ  Classic triad† 35/72 (49%)

Ʌ  Focal neurological deficits 18/79 (23%)

Laboratory findings:

Ʌ  Blood leukocyte count (x10^9) 17.5 (13.3-23.6)

Ʌ  CSF leukocyte count (x10^9) 3492 (1298-7805)

Ʌ  C-reactive protein (mg/L) 164 (76-261)

Clinical course:

Ʌ  Dexamethasone administration 69/80 (86%)

Ʌ  Seizures 12/76 (16%)

Ʌ  Circulatory shock 1/73 (1%)

Ʌ  Systemic complications 21/73 (29%)

Ʌ  IC transfer anytime during admission 45/78 (58%)

4
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Table 1. Characteristics of 80 patients and 69 controls in the follow-up study (continued)

Patients Controls

Discharge:

Ʌ  GOS score

•  GOS 5 61 (76%)

•  GOS 4 17 (21%)

•  GOS 3 2 (3%)

Ʌ  Focal neurologic deficit at discharge 8/77 (10%)

Ʌ  Time to discharge, days 15 (11-19)

Data presented in median (interquartile range) or N (percentage), unless stated otherwise.
* Predisposing factors: immunocompromised state, alcoholism, CSF leakage, recent head 
injury, neurosurgery or neurosurgical device. † Classic triad: neck stiffness, body temperature 
measured >38.0 0C and headache.

Questionnaires

Questionnaires of all 80 patients and 67 controls were analyzed (table 2). One control 

eventually did not want to fill in any of the three questionnaires and one control 

had misunderstood several questions from the PSQI and POMS questionnaires, 

which lead to exclusion. The mean (SD) PSQI score among patients was 4.92 (2.96), 

compared to 4.14 (3.16) in the control group (p=0.03). Of all patients, 38% were 

poor sleepers (PSQI score >5), which was a significantly larger proportion when 

compared to 23% of the controls that were poor sleepers (p=0.04). When assessing 

the PSQI components separately, the patient group experienced more trouble 

sleeping due to external sleep disturbances (p=0.03) and more problems due to 

daytime dysfunction (p=0.03) compared to the controls (table 2). These external 

sleep disturbances were ‘feeling too cold to sleep’ and ‘other sleep disturbances’ 

(both p=0.01). When categorizing these self-reported ‘other sleep disturbances’, 

there was no evident trend, but most frequently reported factors were nighttime 

worrying (12.5% of patients, 6.6% of controls) and nocturnal leg cramps (8.8% of 

patients, 0 controls). Sleep problems caused by a snoring partner was reported by 

two controls (3.0%) and none of the patients.

The POMS was completed by 79 (99%) of the patients and 66 (96%) of the controls. 

The RAND-36 questionnaire was completed by the same number of patients and 

controls, but 6 patients and 10 controls submitted incomplete questionnaires, 

which resulted in missing total scores. The median total score of the POMS 

questionnaire was 0 (IQR 0-12) in the meningitis group and 0 (IQR 0-3) in the 

control group (p=0.057), and when looking at the ‘depression’ item only, there was 

no difference between the groups (p=0.27). Regarding quality of life, the patients 
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scored significantly worse on multiple quality of life domains, including physical 

functioning (p<0.001), social functioning (p=0.001), role limitation due to physical 

or emotional problems (p=0.001 and p=0.02, respectively) and general health 

perception (p=0.009). The scores related to a participant’s well-being were similar 

among groups, this included mental health, vitality, and pain (all p>0.05).

Table 2. Questionnaire scores

PSQI Patient
(n=80)

Control
(n=67)

P- 
value

PSQI total score 4.92 ±2.96 4.14 ±3.16 0.029*

Subjective sleep quality 0.84 ±0.70 0.85 ±0.69 0.87

Sleep latency 0.90 ±0.84 0.82 ±0.85 0.49

Sleep duration 0.36 ±0.70 0.25 ±0.50 0.47

Sleep efficiency 0.49 ±0.87 0.45 ±0.86 0.48

Sleep disturbance 1.25 ±0.54 1.1 ±0.52 0.032*

Use of sleep medication 0.35 ±0.81 0.19 ±0.63 0.13

Daytime dysfunction 0.73 ±0.76 0.51 ±0.68 0.037*

POMS Patient
(n=79)

Control
(n=67)

P- 
value

Total mood disorder score 0.0 (0.0-12.0) 0.0 (0.0-1.0) 0.057

Depression subscore 0.0 (0.0-3.0) 0.0 (0.0-2.0) 0.27

RAND-36 Patient
(n=79)

Control
(n=68)

P- 
value

Functioning:

Ʌ Physical functioning 80 (65-95) 95 (85-100) <0.001

Ʌ Social functioning 81.25 (63-100) 100 (78.1-100) <0.001

Ʌ  Role limitation due to  
physical problems

100 (25-100) 100 (100-100) <0.001

Ʌ  Role limitation due to 
emotional problems

100 (67-100) 100 (100-100) 0.01

Well-being:

Ʌ Mental health 84 (72-88) 84 (72-88) 0.84

Ʌ Vitality 64.9 ±20.3 69.8 ±18.2 0.10

Ʌ Pain 90 (68-100) 90 (68-100) 0.40

4
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Table 2. Questionnaire scores (continued)

RAND-36 Patient
(n=79)

Control
(n=68)

P- 
value

Health perception:

Ʌ  Experienced general health 59.2 ±24.4 69.7 ±19.4 0.006

Ʌ  Experienced health change 50 (50-75) 50 (50-50) 0.02

Ʌ Total score 77.6 (61.8-89.0) 87 (81-93) 0.001

Data presented in median (IQR) or mean ±SD. PSQI total score ranges 0-21, each PSQI 
component ranges 0-3. The POMS-TMD ranges 0-60, the depression-item 0-60. RAND-
36 scores all range 0-100.
* 1-tailed p-value <0.05.

Multivariable regression analysis

Patient or control status, gender, POMS-depression scores, and age were added in 

a stepwise fashion to a linear regression model. Having a history of pneumococcal 

meningitis was added first and resulted in an R2 of 0.025. After adding gender, the 

adjusted R2 increased to 0.221 and adding the POMS-depression score resulted in an 

increase of the adjusted R2 to 0.248. We found that these three variables, especially 

gender, explained almost 25% of the variance in the PSQI total score (R2=0.248, 

F(2,458), p<0.001). Age had a negative effect on the predictive performance of the 

model indicating no effect of age on poor sleep. When adding clinical parameters 

to the linear regression model, none of the determinants were of predictive value 

(data not shown).

Correlation analysis

No correlations were found between the PSQI (sub)scores and any of the clinical 

parameters or the POMS scores. A poor sleep score (high total PSQI score) correlated 

with poorer overall of quality of life (r
s=-0.55, p<0.001, figure 2). High PSQI scores 

correlated with poorer physical functioning, (rs=-0.45, p<0.001), poorer social 

functioning (rs=-0.44, p<0.001), and less vitality (rs=-0.54, p<0.001). There was a 

negative correlation between experiencing daytime dysfunction and both a poorer 

overall quality of life, (rs=-0.65, p<0.001) and poorer social functioning (rs=-0.56, 

p<0.001). There was no correlation between any of the clinical parameters and 

the RAND-36 scores, including time since meningitis episode, GCS at admission, 

neurological or systemic complications.
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Figure 2. Scatter plot of total PSQI score on sleep quality and total RAND-36 questionnaire 
score on quality of life.

Gender differences

The clinical parameters (table 1) of the disease course and outcome in female and 

male patients were similar. Poor sleep quality (PSQI score >5) was reported by 56% of 

female patients, while this was the case in 18% of the male patients (p=0.001). In the 

control group, 41% of females were classified as poor sleepers, in opposition to 3% of 

the males (p<0.001). Male patients reported a shorter sleep duration (p=0.045), more 

sleep disturbances (p=0.01) and a higher total PSQI score (p=0.04) compared to male 

controls. There was no significant difference between POMS-TMD and –depression 

scores between the two male groups. Female patients and female controls reported 

similar poor sleep qualities and they scored similar on the POMS scale (figure 3). 

Regarding the RAND-36 questionnaire, female patients reported significantly lower 

mental health (p=0.03), less vitality (p=0.002), and poorer general health perception 

(p=0.04) than male patients. Female controls scored significantly worse on multiple 

quality of life domains compared to male controls, including poorer physical and 

social functioning (p=0.001 and p=0.002, respectively), limitations in daily life due 

to physical and social problems (p=0.01 and p=0.017, respectively), less vitality 

(p<0.001), and poorer overall quality of life (p=0.003).

4
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Figure 3. Mean PSQI total score for patients and controls, divided by gender.

Discussion

This study shows that one out of three patients after pneumococcal meningitis 

is suffering from sleep impairment. Sleep impairment was associated with a 

significantly lower quality of life. This is concordant with a previous study 8, although 

the differences with respect to sleep impairment between patients and controls 

were less pronounced in our study. This might be due to the difference in choice 

of controls. In the study by Schmidt et al. 8, controls were excluded if they used 

sleep medication, suffered from subjective sleep disturbance or have a neurological, 

psychiatric or cardiac disorder that could disrupt their sleep, leading to a selection 

bias. In our study patients were compared to their partners or proxies who were age 

and sex matched on a group level and as such provided a more balanced comparison. 

Our study was nationwide and, therefore, we were able to study a representative 

sample of adults with acute bacterial meningitis.

Regarding the type of sleep impairment, there was no difference in sleep duration 

or amount of time to fall asleep between patients and controls. Patients were more 

often awake due to sleep disturbances compared to controls, but this could not be 

attributed to a single underlying factor. We found that poor sleep quality strongly 

correlated with a lower quality of life. Subjects reporting daytime dysfunction due to 
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poor sleep quality were more likely to experience role limitation due to poor physical 

functioning, felt less vital and experienced poorer general health. These findings 

stress the relevance of sleep impairment and its possible impact on daily life.

None of the registered clinical parameters were of predictive value for developing 

sleep impairment after recovery of pneumococcal meningitis. This is in line with 

a previous study, in which no predictive factors could be identified 8, Therefore, 

the development of sleep impairment seems to be unrelated to disease course or 

other neurological sequelae. How meningitis could contribute to sleep impairment 

is not fully understood, but there are several theories on how brain infections could 

cause sleep alterations 19. The lateral hypothalamus, which contains multiple types 

of peptidergic cell-groups that are involved in sleep-wake regulation or promote 

wakefulness, might be disrupted by the neuroinflammatory processes. From studies 

with patients suffering from traumatic brain injury (TBI) it is known that complaints 

of insomnia, poor sleep quality and excessive daytime sleepiness are frequently 

present 20. One study reported that 97% of acute moderate to severe TBI patients 

had abnormally low orexin-A (hypocretin-1) levels in cerebrospinal fluid (CSF) 21. 

Orexin-A is a neuropeptide that, along with orexin-B, is produced by neurons in the 

lateral hypothalamus and is also found to be deficient in narcolepsy type 1 patients 
22-24. Findings from another study suggest that orexin-producing neurons in the 

lateral hypothalamus might not be directly targeted by inflammatory signaling, 

but possibly through the mediation of GABAergic interneurons 25. However, orexin-

producing neurons also seem to be particularly sensitive to increased levels of nitric 

oxide, which might be caused by neuronal induction of nitric oxide synthase during 

the local inflammatory response 26. Also in studies concerning septic patients, 

alteration in melatonin levels and circadian rhythm disruption has been described, 

from early stages of sepsis till weeks after sepsis recovery 27-29. Finally, bacterial 

meningitis is a serious and often life-threatening event and the impact of having had 

a potentially lethal disease could also contribute to persistent problems concerning 

sleep quality and quality of life.

The difference in sleep quality between patients and controls was most distinct 

in the male subjects in opposition to the female population. Our linear regression 

model showed that the strongest predictor for a high PSQI score was female gender. 

Furthermore, we found the female control group slept worse than the general 

population 30,31. This is in line with previous studies in which women reported poorer 

overall sleep quality compared to men 31-33. Gender differences in outcome after 

bacterial meningitis have been described for cognitive functioning as well, which 

showed that men seemed to be more affected than women 6. Another paper reported 

that female patients with acute community-acquired bacterial meningitis were more 

severely ill on admission compared to male patients, but this did not result in a 

poorer outcome or a higher fatality rate 34. Possibly there are underlying biological 

4
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factors that lead to sex-based differences in the immune response and thereby 

influence the clinical course of the disease and risk of sequelae 35. We selected 

our control group from proxies of the patient, which were usually a partner and 

sometimes a close relative. A possible explanation for the gender differences might 

be that women are more easily affected by negative life events, such as a possibly 

life-threatening illness caught by their partner or close relative 36. Furthermore, 

female caregivers tend to experience a significantly higher caregiver burden than 

men 37,38. The social role theory behind this finding implies that women are viewed 

as being responsible for caregiving tasks, while men are less socialized to do so 
38,39. A Dutch study reported that, even though female caregivers spent less time 

on caregiving tasks, they still experienced a higher burden and, in opposition to 

male caregivers, their caregiver burden increased over time 40. This might explain 

why female controls in our sample experienced significantly more limitations due 

to physical and social problems, lower mental health and less vitality than male 

controls.

Even though we used validated questionnaires, one limitation of our study is the 

retrospective self-reporting method since this is susceptible to recall bias and 

reporting bias and could have led to an over- or underestimation of sleep impairment. 

Also, patients who refused to travel to Amsterdam due to somatic illnesses or other 

factors restricting their ability to travel long distances were not included in our 

study. This might have led to an underestimation sample of patients with more 

severe disabilities and sequelae like sleep impairments. Our study was also limited by 

selection bias since only patients who underwent a lumbar puncture were eligible for 

inclusion. Possibly severely sick patients who started treatment before the lumbar 

puncture might have been underrepresented in our sample.
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Conclusions

Our results show that sleep impairment is more prevalent in pneumococcal 

meningitis patients compared to their proxies, which correlated with overall lower 

quality of life. We found that complaints of poor sleeping could be a relevant 

indicator of problems on other life domains, such as poorer physical and social 

functioning and possibly a higher risk of having a mood disorder. It is important to 

acknowledge that the disease impact probably does not only affect patients but 

their close proxies probably as well. More research, unravelling the pathophysiology 

of sleep impairment after pneumococcal meningitis is needed in order to develop 

new treatment strategies targeting alterations in sleep architecture.

4
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