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Background: Vitamin D is important for maintaining physiologi-

cal functions including cognition and its deficiency is associated

with the occurrence of cognitive impairment. This study was to

explore the association between preoperative vitamin D status

and the occurrence of postoperative cognitive dysfunction (POCD)

in elderly patients undergoing major surgery.

Methods: This was a predefined exploratory sub-analysis of

one-centre data from a randomized controlled trial. In all, 123

elderly (≥ 65 years) patients who were scheduled to undergo

major cancer surgery were recruited. Serum 25-hydroxyvitamin D

concentration was measured before surgery. In total, 59 nonsurgi-

cal control subjects with comparable age and education level were

also enrolled. A battery of neuropsychological tests was adminis-

tered the day before and the 7th day after surgery in patients or at

the same time interval in control subjects. POCD was diagnosed

according to the ISPOCD1 definition.

Results: 71.5% (88/123) of elderly patients had vitamin D defi-

ciency (serum 25-hydroxyvitamin D concentration < 12 ng/ml)

before surgery; 24.4% (30/123) of them developed cognitive dys-

function at 1 week after surgery. After adjusting for confounding

factors, high preoperative serum 25-hydroxyvitamine D concentra-

tion was related to a decreased risk of POCD (odds ratio [OR]:

0.829, 95% confidence interval [CI]: 0.708–0.971; P = 0.020),

whereas preoperative vitamin D deficiency was associated with

an increased risk of POCD (OR: 8.427, 95% CI: 1.595–44.511;
P = 0.012).

Conclusions: Vitamin D deficiency is prevalent in elderly

patients undergoing major cancer surgery and increases the risk of

Editorial comment

In this observational cohort analysis from observations within a larger clinical trial, this study

identifies that vitamin D deficiency is common in elderly patients undergoing cancer surgery. They

observe an association between this condition with postoperative cognitive dysfunction. This

needs to be tested further to identify whether therapy can have an impact on adverse events.
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early POCD development. Whether prophylactic vitamin D sup-

plementation can reduce POCD in the elderly deserves further

study.

As one of the fat-soluble vitamins, vitamin D

has an important role in maintaining calcium

homeostasis and bone health; it is also consid-

ered to be involved in maintaining normal cog-

nition and other physiological functions.1

Vitamin D insufficiency and deficiency are

highly prevalent in populations especially in

the elderly worldwide.2–4 Reasons leading to

this phenomenon include reduced dietary

intake, decreased synthesis within the body, as

well as acquired and heritable disorders that

interrupt vitamin D metabolism and responsive-

ness.1 Vitamin D deficiency increases the occur-

rence of degenerative bone and joint diseases;

furthermore, its deficiency is associated with the

occurrence of cognitive impairment4–8 and the

development of diabetes mellitus, hypertension,

stroke and even cancer.9–12

Human’s lifespan is increasing and hence more

elderly are receiving surgical therapy. Cognitive

decline is a common complication in these

patients following surgery, and its occurrence has

detrimental effects on both short- and long-term

surgical outcomes including mortality, working

ability and dependency on social transfer pay-

ments.13 We hypothesized that preoperative vita-

min D deficiency might increase the risk of

postoperative cognitive dysfunction (POCD).

However, current clinical data regarding this

relationship are still lacking. The purpose of this

study was to explore the association between

preoperative serum vitamin D level and the

occurrence of POCD in elderly patients undergo-

ing major cancer surgery.

Methods

Study design

This was a predefined exploratory sub-analysis

of the one-centre data from a randomized

controlled trial which is on-going to compare

the impact of sevoflurane-based versus propo-

fol-based general anaesthesia on the incidence

of delirium within 7 days in elderly patients

after cancer surgery in 17 centres.14 The study

protocol was approved by the Clinical Research

Ethics Committee of Peking University First

Hospital (2015[869]) on 27 March 2015. Written

informed consents were obtained from all sub-

jects or their legal representatives. All patients

who were included in the present study were

recruited and underwent surgery in Peking

University First Hospital. The manuscript

adheres to the applicable Equator guidelines

(see STROBE checklist).

Patients

The inclusion criteria included the following:

(1) age ≥ 65 years and < 90 years; (2) primary

cancer without any radio- or chemotherapy and

(3) scheduled to undergo elective major surgery

for cancer, with an expected duration ≥ 2 h,

under general anaesthesia. Patients were

excluded if they met any of the following crite-

ria: (1) preoperative history of schizophrenia,

epilepsy, Parkinsonism or myasthenia gravis;

(2) inability to communicate because of coma,

profound dementia, language barrier or end-

stage disease in the preoperative period; (3) crit-

ical illness (preoperative American Society of

Anaesthesiologists physical status classification

≥ IV), severe hepatic dysfunction (Child-Pugh

class C) or severe renal dysfunction (undergoing

dialysis before surgery) or (4) neurosurgery.

A group of control subjects was enrolled from

family members or friends of patients with same

inclusion and exclusion criteria. They had com-

parable age and education level as patients but

did not receive any surgeries. Their cognition

was assessed with neuropsychological tests at

Acta Anaesthesiologica Scandinavica (2018)

2 ª 2018 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd

Y. ZHANG ET AL.



the same time interval to quantify the practice

effect of repeatedly administered neuropsycho-

logical tests.

Data collection

Investigators who were responsible for patient

recruitment and data collection were well

trained before the study was started. Data col-

lection was performed after obtaining written

informed consents. Baseline data included

demographic parameters (age, gender, education

level, body height and weight), diagnosis, pre-

operative ASA physical status classification,

comorbidities (hypertension, coronary heart dis-

ease, diabetes mellitus, chronic obstructive pul-

monary disease, stroke, etc.), as well as histories

of smoking, drinking and surgery. Blood sam-

ples were collected and serum 25-hydroxyvita-

min D and calcium concentrations were

measured in a clinical laboratory of Peking

University First Hospital.

Intraoperative data included type of surgery,

durations of anaesthesia and surgery, types and

doses of anaesthetic drugs, use of analgesic

drugs and glucocorticoids, bispectral index

(BIS) value during surgery, and types and vol-

umes of fluid infusion. Postoperative data

included the use of analgesics, occurrence of

complications within 30 days after surgery,

length of stay in hospital after surgery and all-

cause 30-day mortality. Postoperative complica-

tions were generally defined as newly occur

medical conditions that were harmful for

patients’ recovery and required therapeutic

intervention. For patients who were admitted to

the intensive care unit (ICU) after surgery, the

worst score of Acute Physiology and Chronic

Health Evaluation II (APACHE II, scores range

from 0 to 71, with higher scores indicating more

severe illness) within 24 h, time to extubation

(for those who were admitted with endotracheal

intubation) and length of ICU stay were also

recorded.

Intraoperative data were collected by anaes-

thesiologists. Baseline data collection and post-

operative follow-up were conducted by

investigators who were not involved in anaes-

thesia and perioperative patient care. Anaesthe-

siologist(s) and investigator(s) had no

communication with each other regarding

patients’ care. Both patients and investigators

were blinded to the study group assignment

and were unaware of laboratory measurements

including serum vitamin D concentrations dur-

ing the study period.

Neurocognitive assessment

Investigator (GJS) who performed the assess-

ment was specially trained on neuropsychologi-

cal test administration before the study period.

Neuropsychological tests and Mini-Mental State

Examination (MMSE) were administered the day

before surgery. Paralleled neuropsychological

tests were administered at 7th day after surgery.

Specific tests included the following: the Mental

Control and Digit Span (forward and backward)

subtests of the Wechsler Memory Scale; the

Visual Retention and Paired Associate Verbal

Learning subtests of the Wechsler Memory Scale;

the Digit Symbol subtest of the Wechsler Adult

Intelligence Scale-Revised; the Halstead-Reitan

Trail Making Test (Part A) and the Grooved Peg-

board Test (favoured and un-favoured hand). The

test battery was recommended by Consensus and

had been used in our previous study.15,16 At

30 days after surgery, cognitive function was

assessed by telephone interview with the Chi-

nese version Telephone Interview for Cognitive

Status-modified (TICS-m).

POCD was diagnosed according to the Inter-

national Study of POCD1 definition of which

the sensitivity and specificity had been demon-

strated.17,18 To quantify practice effect, baseline

scores were compared with 1-week test scores

to obtain the average practice effects and their

standard deviations (SDs) in control subjects.

For patients, baseline scores were compared

with 1-week postoperative test scores, sub-

tracted the average practice effects from these

changes and divided the results by the control

subject SDs to obtain a Z-score for each test. The

test results were adjusted so that a negative Z-

score indicated deterioration from the baseline

test. The Z-scores of all tests in an individual

patient were then summarized and divided by

the SDs for this sum of Z-scores in the control

subjects, creating a global Z-score. A patient

was defined as having POCD when two or more

Z-scores in individual tests or the combined Z-

score were �1.96 or less.
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Measurement of serum vitamin D

concentration

Fasting blood samples were collected in serum

separator tubes after obtaining informed con-

sents the day before surgery (or on Friday), and

then allowed to clot at room temperature for

0.5–1 h and then placed on ice until centrifuga-

tion and serum collection within 4 h. Serum

was then stored at �80°C until analysis. The 25-

hydroxyvitamine D concentrations were deter-

mined by liquid chromatography-mass spec-

trometry. Preoperative vitamin D status was

classified according to the following criteria:

adequate, more than 20 ng/ml; insufficient, from

12 to 20 ng/ml; and deficient, < 12 ng/ml.19

Statistical analysis

Sample size estimation

According to previous publications, about 69%

of Chinese elderly had vitamin D deficiency.20

We did not find any data regarding the associa-

tion between preoperative vitamin D level and

the occurrence of POCD. In elderly patients, the

incidences of early POCD were about 30%

(25.8%–41.4%) after major noncardiac sur-

gery18,21 and 6.8% after minor surgery.22 We

assumed that the incidence of POCD would be

the same in patients with or without vitamin D

deficiency. With significance set at 0.05 (two-

side) and power set at 0.80, the calculated sam-

ple size needed to detect the difference was 102

cases. Sample size calculation was performed

with the PASS 11.0 software (Stata Corp. LP,

College Station, TX, USA).

Outcome analyses

Patients were divided according to the presence

of vitamin D deficiency or the development of

POCD. Continuous variables with normal distri-

bution were analysed using independent sam-

ples t-test. Continuous variables with non-

normal distribution and ranked data were anal-

ysed using Mann–Whitney U test. Categorical

variables were analysed using the chi-square

test, continuity correction chi-squared test or

Fisher’s exact test. Time-to-event variables were

analysed with the Kaplan–Meier estimator, with

differences assessed by the Log-Rank test.

Univariate Logistic regression analyses were

performed to screen factors that were possibly

associated with POCD development. Factors

with P < 0.10 in univariate analyses were

included in a multivariate model to determine

the association between preoperative vitamin D

status and the development of POCD. Two-

tailed tests were performed whenever appropri-

ate, and P values of < 0.05 were considered of

statistical significance. Outcome analyses were

performed with the SPSS 14.0 for Windows

(SPSS, Chicago, IL, USA) software package.

Results

Patient recruitment and characteristics

From 1 April 2015 to 30 May 2016, 599 patients

were screened for study participation. Of them,

210 were eligible, 123 provided written

informed consent and completed the study

(Fig. 1, Tables 1 and 2). During the study per-

iod, 59 control subjects were enrolled and

599 patients assessed for eligibility

210 patients eligible

123 patients completed study

389 patients excluded
248 age less than 65 years
72 non-general anaesthesia
27 neurosurgery
24 radiotherapy/chemotherapy
8 ASA classification > III
6 required dialysis before surgery
4 dementia

73 refused blood sampling

123 patients included in final analysis

14 refused to participate

196 patients recruited

Fig. 1. Flow chart of the study.
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completed both baseline and 1-week follow-up

neuropsychological tests. Variables including

age (P = 0.18), educational level (P = 0.49) and

time interval to follow-up test (P = 0.54) were

comparable between patients and control sub-

jects (Table 3).

Of all enrolled patients, 71.5% (88/123) had

preoperative vitamin D deficiency and 24.4%

(30/123) developed POCD at 1-week after sur-

gery. Compared with patients without vitamin

D deficiency, those who had vitamin D defi-

ciency received less sevoflurane (P = 0.004), eto-

midate (P = 0.003) and remifentanil (P = 0.048)

but more propofol (P = 0.007) during anaesthe-

sia. Compared with patients without POCD,

those who developed POCD had higher percent-

ages of chronic smoking history (P = 0.005) and

vitamin D deficiency (P = 0.010) before surgery;

they endured longer anaesthesia and surgery

(P = 0.001 and 0.002, respectively), lost more

blood (P = 0.001) and received more fluid infu-

sion (P = 0.031) during surgery; they also had

higher proportion of ICU admission (P = 0.006)

and developed more complications within

7 days after surgery (P < 0.001; Tables 1 and 2).

Postoperative outcome

Compared with patients without vitamin D defi-

ciency, those with vitamin D deficiency had

Table 1 Demographic and baseline characteristics.

All patients

(n = 123)

Vitamin D

deficiency*

(n = 88)

No vitamin D

deficiency

(n = 35) P value

POCD

(n = 30)

No POCD

(n = 93) P value

Age, year 73.0 � 6.0 73.2 � 6.3 72.2 � 5.4 0.40 74.6 � 6.9 72.4 � 5.7 0.085

Male gender 81 (65.9) 58 (65.9) 23 (65.7) 0.98 22 (73.3) 59 (63.4) 0.32

BMI, kg/m2 24.0 � 3.5 24.1 � 3.5 23.9 � 3.5 0.81 23.9 � 3.0 24.1 � 3.6 0.82

Education, year 10.3 � 3.5 10.4 � 3.6 10.0 � 3.4 0.54 10.1 � 3.9 10.3 � 3.4 0.79

ASA classification 0.37 0.70

I 7 (5.7) 4 (4.5) 3 (8.6) 2 (6.7) 5 (5.4)

II 98 (79.7) 69 (78.4) 29 (82.9) 25 (83.3) 73 (78.5)

III 18 (14.6) 15 (17.0) 3 (8.6) 3 (10.0) 15 (6.1)

Preoperative comorbidities

Stroke 11 (8.9) 6 (6.8) 5 (14.3) 0.29 2 (6.7) 9 (9.7) 0.89

COPD 6 (4.9) 5 (5.7) 1 (2.9) 0.67 2 (6.7) 4 (4.3) 0.63

Chronic smoking† 33 (26.8) 25 (28.4) 8 (22.9) 0.53 14 (46.7) 19 (20.4) 0.005

Coronary heart disease 26 (21.2) 15 (17.0) 11 (31.4) 0.08 7 (23.3) 19 (20.4) 0.74

Hypertension 73 (59.3) 49 (55.7) 24 (68.6) 0.19 15 (50.0) 58 (62.4) 0.23

Diabetes mellitus 29 (23.6) 22 (25.0) 7 (20.0) 0.56 5 (16.7) 24 (25.8) 0.31

Alcoholism‡ 15 (12.2) 10 (11.4) 5 (14.3) 0.76 4 (13.3) 11 (11.8) 0.76

History of surgery 59 (48.0) 45 (51.1) 14 (40.0) 0.27 16 (53.3) 43 (46.2) 0.50

1-month weight change, kg 0 (-4, 0) -1 (-5, 0) 0 (-3, 0) 0.14 -2 (-5, 0) 0 (-4, 0) 0.38

Preoperative MMSE, score 28.3 � 1.8 28.2 � 1.7 28.6 � 1.8 0.28 28.0 � 1.8 28.5 � 1.7 0.18

Preoperative serum vitamin D

Vitamin D concentration, ng/ml§ 10.2 � 4.6 7.9 � 2.3 16.1 � 3.6 < 0.001 8.6 � 4.0 10.7 � 4.7 0.032

Vitamin D level¶ – 0.032

Adequate 6 (4.9) – 6 (17.1) 1 (3.3) 5 (5.4)

Insufficient 29 (23.6) – 29 (82.9) 2 (6.7) 27 (29.0)

Deficient 88 (71.5) 88 (100.0) – 27 (90.0) 61 (65.6)

Vitamin D deficiency 88 (71.5) 88 (100.0) – – 27 (90.0) 61 (65.6) 0.010

Serum calcium concentration, mmol/L 2.26 � 0.11 2.25 � 0.11 2.27 � 0.10 0.36 2.23 � 0.14 2.27 � 0.10 0.16

*Defined as serum 25-hydroxyvitamin D concentration < 12 ng/ml. †Smoking of half a pack of cigarettes per day for at least 2 years, either

former or current smoker. ‡Daily consumption of the equivalent of 80 g of alcohol for at least 5 years. §Serum 25-hydroxyvitamin D concen-

tration. ¶Defined according to serum 25-hydroxyvitamin D concentration. Adequate: > 20 ng/ml; insufficient: 12–20 ng/ml; deficient: < 12 ng/

ml. Data are expressed as mean � SD, number (%) or median (interquartile range). ASA, American society of anaesthesiologists; BMI, body

mass index; COPD, chronic obstructive pulmonary disease; MMSE, mini-mental state examination; POCD, postoperative cognitive dysfunction.
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lower global Z-score (P = 0.004), developed

more POCD at 7th day after surgery (P = 0.010);

they had slightly more complications within

30 days (P = 0.060) and slightly lower 30-day

TICS-m score (P = 0.066). Compared with

patients who did not develop POCD, those who

developed POCD had lower global Z-score

(P < 0.001), longer length of stay in hospital

after surgery (P < 0.001), higher incidence of

complications within 30 days (P = 0.001) and

lower 30-day TICS-m score (P = 0.034; Table 4).

Preoperative vitamin D status and

postoperative cognitive dysfunction

Univariate logistic regression analyses showed

that either preoperative serum vitamin D (25-

hydroxyvitamin D in ng/ml) concentration (ng/

ml) or preoperative vitamin D deficiency (serum

25-hydroxyvitamine concentration < 12 ng/ml)

was associated with the occurrence of POCD.

Univariate analyses also identified nine poten-

tial confounding factors (P < 0.10), of which five

factors, that is, age, chronic smoking, duration

of surgery, use of sevoflurane and complications

within 7 days, were included in the multivariate

model after testing collinearity. The adjusted

results showed that high preoperative serum

vitamin D concentration was associated with a

decreased risk of POCD (odds ratio [OR]: 0.829,

95% confidence interval [CI]: 0.708–0.971,
P = 0.020), whereas preoperative vitamin D defi-

ciency was associated with an increased risk of

POCD (OR: 8.427, 95% CI: 1.595–44.511,
P = 0.012; Table 5).

Discussion

Our results showed that, in elderly patients

who were scheduled to undergo major cancer

surgery, 71.5% had preoperative vitamin D defi-

ciency and 24.4% developed POCD at 1 week

after surgery. High serum 25-hydroxyvitamin D

concentration was associated with a decreased

risk of POCD, whereas the presence of preoper-

ative vitamin D deficiency (serum 25-hydroxyvi-

tamin D < 12 ng/ml) was associated with an

increased risk of POCD.

Both liquid chromatography-mass spectrome-

try and enzyme-linked immunosorbent assay

are used to measure serum concentration of 25-

hydroxyvitamin D; and the adopted normal

range of serum 25-hydroxyvitamin D concentra-

tion varied in different studies.6,20,23,24 In the

present study, liquid chromatography-mass

spectrometry which is more accurate than

enzyme-linked immunosorbent assay25,26 was

used and the normal range (adequate: > 20 ng/

ml; insufficient: 12–20 ng/ml, deficient: < 12 ng/

ml) which is suggested by the Institute of Medi-

cine guidelines was adopted.19

Vitamin D deficiency is common in many

studied populations.27 Our results showed that

71.5% of elderly patients had vitamin D defi-

ciency before cancer surgery. This was consis-

tent with the findings on the vitamin D status

in the elderly Chinese individuals.20 It was

reported that vitamin D deficiency is associated

with accelerated speed of cognitive decline and

increased risk of cognitive impairment in the

elderly,6,8,24,28 possibly due to increased produc-

tion of proinflammatory cytokines, aggregation

of b-amyloid peptide and release of inhibitory

neurotransmitters in the brain.29–31 However,

controversies exist; for example, vitamin D level

was reported to have no correlation with cogni-

tive function in some studies.23,32,33 Reasons

leading to these conflicting results may include

Table 3 Baseline and follow-up data of control subjects and

patients.

Control subjects

(n = 59)

All patients

(n = 123) P value

Age, year 71.9 � 4.1 73.0 � 6.0 0.18

Body mass

index,

kg/m2

25.1 � 2.9 24.1 � 3.5 0.052

Male gender 43 (72.9%) 81 (65.9%) 0.34

Education,

year

10.7 � 4.3 10.3 � 3.5 0.49

Time

interval to

follow-up

test, day

8.3 � 1.6 8.1 � 2.0 0.54

Global

Z-score,

score

�0.03 (�0.61, 0.65) �0.88 (�1.24, �0.45) < 0.001

Occurrence

of cognitive

decline

4 (6.8%) 30 (24.4%) 0.004

Data are expressed as mean � SD, median (interquartile range) or

number (%).

Acta Anaesthesiologica Scandinavica (2018)

ª 2018 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd 7

VITAMIN D DEFICIENCY AND COGNITION



differences in study populations, ethnicity, area

of living, diet, season, colour of skin and others.

In the present study, preoperative MMSE score

did not differ significantly between patients

with or without vitamin D deficiency.

For the diagnosis of POCD, we administered

a battery of neuropsychiatric tests that covered

domains frequently affected by anaesthesia and

surgery such as attention, concentration, figure

and visual memory, verbal learning, psychomo-

tor speed, and manual dexterity.15,16 POCD was

diagnosed according to the International Study

of POCD1 definition, of which the sensitivity

and specificity had been well demonstrated.17,18

In our study, after adjusting learning effects

derived from nonsurgical control subjects due to

repeated cognitive assessments, POCD devel-

oped in 24.4% of all enrolled patients, similar

to previously reported results.18,34

Our study found that the risk of 7-day POCD

development decreases along with the increasing

concentration of serum vitamin D; the presence

of preoperative vitamin D deficiency is associated

with an increased risk of POCD. To our knowl-

edge, this is the first study that reports the corre-

lation between preoperative vitamin D status and

the occurrence of cognitive dysfunction in the

elderly early after cancer surgery. Additionally,

patients with preoperative vitamin D deficiency

had slightly lower cognition score and slightly

more complications at 30 days after surgery

although statistical significance was not reached.

Considering the growing number of elderly

undergoing surgery, prospective studies investi-

gating whether prophylactic vitamin D supple-

mentation can improve postoperative cognitive

outcome in elderly are urgently needed.

In addition to the preoperative vitamin D sta-

tus, other factors including age, chronic smok-

ing, use of sevoflurane during anaesthesia,

duration of surgery and development of compli-

cations within 7 days after surgery were also

related to POCD development in our results.

These were in line with previous studies.21,35–39

However, after correction of these confounding

factors, preoperative vitamin D concentration or

deficiency remained a factor that was signifi-

cantly associated the development of POCD.

Our results also showed that patients who

developed POCD had worse postoperative out-

comes, that is, they had longer length of
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hospital stay, higher incidence of complications

within 30 days and lower 30-day TICS-m score,

thus further demonstrating the harmful effects

of POCD development.13,21

There are several limitations in the present

study. Firstly, as a predefined sub-analysis,

the sample size of the study was limited and

the number of cases who developed POCD

was small. This might result in bias of estima-

tion. Secondly, previous studies found that

there was a close relationship between the

season of study and the concentration of serum

25-hydroxyvitamin D. Serum vitamin D con-

centration tends to be lower in winter than in

summer.40 In the present study, the season

during which patients were recruited was not

included as a confounding factor during analy-

sis. However, the relatively long period of

study might have offset this bias in our

results. Thirdly, we only observed cognitive

outcome at 7 days after surgery and did not

perform longer follow-up. Therefore, long-term

impact of preoperative vitamin D deficiency

remains unknown.

Conclusion

Our results showed that, in elderly patients

scheduled to undergo major cancer surgery,

71.5% had preoperative vitamin D deficiency

and 24.4% developed cognitive dysfunction at

7 days after surgery. The presence of preopera-

tive vitamin D deficiency was associated with

an increased risk of POCD. Considering that the

number of elderly who need surgical therapy is

growing, prospective studies investigating

whether prophylactic vitamin D supplementa-

tion can reduce POCD occurrence in elderly are

urgently needed.
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Supporting Information

Additional Supporting Information may be

found in the online version of this article at the

publisher’s web-site:

Table S1. Occurrence of complications within

7 days after surgery.

Table S2. Occurrence of complications within

30 days after surgery.

Table S3. STROBE Statement—Checklist of

items that should be included in reports of

cohort studies
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