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Abbreviations 16 

CI: confidence interval 17 

IQR: interquartile range 18 

MADT: the Longitudinal Study of Middle-aged Danish Twins 19 

NPR: the Danish National Patient Register 20 

OR: odds ratio 21 

POCD: postoperative cognitive dysfunction 22 

SD: standard deviation  23 
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Abstract 24 

Purpose 25 

To examine the association between exposure to surgery and 10-year change in cognitive 26 

functioning. 27 

Methods 28 

Among 2,351 middle-aged twins, a 10-year change in composite cognitive scores derived from five 29 

cognitive tests was compared between 903 (38%) twins exposed to surgery classified as major, 30 

minor, knee and hip replacement, and other, and a reference group of 1,448 (62%) twins without 31 

surgery, using linear regression models adjusted for socioeconomic factors. Genetic and shared 32 

environmental confounding was addressed in intra-pair analyses of 48 monozygotic and 74 33 

dizygotic same-sexed twin pairs. 34 

Results 35 

In individual-level analyses, twins with major surgery (mean difference, -0.37; 95% CI, -0.76 to 36 

0.02) or knee and hip replacement surgery (mean difference, -0.54; 95% CI, -1.30 to 0.22) had a 37 

tendency of a negligibly higher rate of decline in cognitive score than the reference group. 38 

In the intra-pair analyses, the surgery-exposed twin had a higher rate of cognitive decline than the 39 

co-twin in 55% (95% CI, 45% to 63%) of the pairs. The mean difference in cognitive decline within 40 

pairs was -0.21(95% CI, -0.81 to 0.39). 41 

Conclusions 42 

No significant associations were found between exposure to surgery and change in cognitive score 43 

either in individual-level or in intra-pair analyses. 44 

 45 

Keywords: Surgery; postoperative period; cognition; aging   46 
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Introduction 47 

Cognitive impairment is commonly detected after surgery and anaesthesia, and it occurs in adult 48 

surgical patients of all ages.1-3 In the literature this impairment is referred to as Postoperative 49 

Cognitive Dysfunction (POCD). 50 

A growing body of research has aimed at quantifying the frequency and duration of 51 

POCD and also at identifying potential risk factors for this adverse condition. Early (7-day) POCD 52 

is observed in 7%4 to 50%5 of adult surgical patients, and the risk of POCD is found to be 53 

increasing with size of the surgical procedure3, 4, 6 and age.2, 6, 7 At three months after surgery, 54 

POCD is detectable in approximately 12 % of elderly patients.1, 7 The majority of studies on long-55 

term POCD, i.e. POCD observed more than three months and up to several years after surgery, 56 

suggest that POCD is a temporary condition6, 8-12, but follow-up is usually not complete. A recent 57 

study including 527 participants found that 182 patients exposed to various surgical procedures 58 

under general anaesthesia had more decline in several cognitive measures over a 5-year period 59 

compared to participants without surgery13 raising concerns about the duration of POCD. To clarify 60 

whether there are long-term effects of surgery and anaesthesia on cognitive functioning there is a 61 

need for large longitudinal studies where also adequate methods are used to assess the potential 62 

impact of deaths and drop-outs. 63 

Recently, we have shown that a history of major surgery was associated with a 64 

negligibly lower cognitive functioning in a large cross-sectional study of 8,503 middle-aged and 65 

elderly twins.14 Here we report on a subsample of 2,351 middle-aged twins cognitively tested twice 66 

at a 10-year interval, and the aim of this study was to examine whether exposure to surgery was 67 

associated with cognitive decline and to assess the potential impact of mortality and drop-out in the 68 

study period. The use of a twin design further enabled us to address potential confounding from 69 

genetic and shared environmental factors.  70 
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Methods 71 

The existing data from two surveys used in this study were improved by the Danish Data Protection 72 

Agency [Datatilsynet],  Copenhagen, Denmark; Journal number 2013-54-0299 and The Regional 73 

Committees on Health Research Ethics for Southern Denmark  [De Videnskabsetiske Komitéer for 74 

Region Syddanmark]; Journal number S-VF-19980072.  75 

This study was based on intake and follow-up data from the Longitudinal Study of 76 

Middle-Aged Danish Twins (MADT) with linkage to the Danish National Patient Register (NPR). 77 

In 1997, participants in the MADT were ascertained through the population-based Danish Twin 78 

Registry comprising twin pairs born from 1870 to 2004.15  The MADT represented a random 79 

sample of 120 intact twin pairs from each birth cohort from 1931 to 1952, in total 2,640 intact twin 80 

pairs. Of the 5,189 twins who were alive and residing in Denmark when the survey was conducted 81 

in 1998/99, 875 refused to participate, 10 were excluded due to neurosurgery and 5 had no cognitive 82 

measurement, reducing the sample size in 1998/99 to 4,299 (83%). Before the follow-up assessment 83 

beginning in 2008 and ending in 2011, 426 twins had died, reducing the sample size to 3,873. Of 84 

these, 1,475 refused to participate, 45 had no valid cognitive measurement and 2 were excluded due 85 

to neurosurgery in the follow-up period, reducing the sample size to 2,351 (61% of those alive) 86 

(Figure 1). The follow-up sample ranged in age from 56 to 80 years, with an average age of 66.7 87 

years. Almost identical survey instruments were used in the MADT in both assessments including a 88 

questionnaire on socio-demographic factors, health and diseases, and lifestyle factors along with 89 

physical and cognitive tests. 90 

Register Linkage 91 

Since 1968, all Danish citizens have been assigned a unique civil registration number recorded in 92 

the civil registration system, and this number is the key to individual information in all official 93 
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registries covering the Danish population.16 Within Statistics Denmark, the civil registration number 94 

enables a linkage between all Danish registries, including the Danish NPR. 95 

The Danish NPR comprises data on surgeries performed in Danish hospitals since 96 

1977 along with data on diagnoses, and from 1995, data on outpatients and emergency patients 97 

were also included.17 Thus, the register has nationwide coverage, and it is considered to have high 98 

validity, especially with regard to surgical procedures.18 99 

Exposure assessment 100 

Exposure status was determined by the linkage of survey data with surgery records in the NPR. The 101 

exposure time window was the period from 1998 where intake assessment took place and until 102 

follow-up assessment beginning 2008 and ending 2011. The exposure group comprised twins who 103 

had at least one surgical procedure between the two assessments and was further separated into four 104 

groups by type of surgical procedure according to the severity of the disease that led to surgery: (1) 105 

major surgeries, including cardiac, thoracic, laparotomy, central and peripheral vascular, and major 106 

fracture surgeries, (2) knee/hip replacement surgeries, (3) minor surgeries, and (4) other surgeries. 107 

Minor surgeries included outpatient procedures, surgeries followed by less than two days of 108 

hospitalisation, and, independently of the first two criteria, surgery codes representing eye, skin, 109 

endoscopic procedures along with biopsies and other small surgical procedures. The classification 110 

was performed by two experienced anaesthesiologists (T.G.H. and L.S.R.), who, independently of 111 

one another, went through the records of surgery codes in the study sample for the period from 1998 112 

until 2011 (details can be found in the appendix). Twins who had more than one surgery were 113 

assigned to the groups using the following algorithm: (1) major surgery if any, (2) knee/hip 114 

replacement surgery if any, but no major surgery, and (3) other surgeries if any, but neither major 115 

nor knee/hip replacement surgery, and (4) minor surgery. The reference group in all analyses 116 

comprised twins without surgery in the period between the two assessments. 117 
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Outcome assessment 118 

The outcome was a composite measure of cognitive functioning derived from a battery of five 119 

cognitive tests: a category fluency task, which involves the number of animals an individual can 120 

name in a 1-minut interval, forward and backward digit span tests where individuals are read two 121 

times seven sequence of numbers with increasing list length and asked to repeat the same sequence 122 

back to the examiner in order (forward span) or in reverse order (backward span), immediate and 123 

delayed recall tests, which involves the number of words from the same 12-item list, immediately 124 

recalled and recalled after a 10-minut delay. The composite cognitive score is a sum of z-scores of 125 

the five tests. The z-scores are based on means and SDs of all 45-49 year olds irrespective of the 126 

participants’ surgery exposure status. This measure of cognitive functioning has been shown to 127 

exhibit high validity and internal consistency reliability (0.75) and has been used in a series of 128 

previous studies.19, 20 129 

 When the cognitive change was measured, individual-level change scores were 130 

formed by taking the difference between composite cognitive score at the first and the second 131 

assessment such that negative change scores indicated cognitive decline. 132 

Covariates 133 

Baseline age, sex, and vocational educational attainment were considered as potential confounding 134 

variables.1-3, 7 Educational level was self-reported and assessed using questions about highest grade 135 

of year of regular schooling and the highest degree earned. An ordinal measure was made by 136 

combining questions related to basic and vocational schooling. Age was included in the statistical 137 

models as a continuous variable and level of education as an ordinal variable with five coding 138 

categories, which ranged from ninth-grade education or less, coded as 2, to more than four years of 139 

academic education, coded as 6. 140 
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Intra-pair Analyses 141 

To address genetic and shared environmental confounding, intra-pair analyses were performed in 142 

surgery-discordant twin pairs. Among the 2,351 twins in the study population we included 48 143 

monozygotic and 74 same-sexed dizygotic pairs, of whom one twin had had a major surgery 144 

between the two cognitive measurements and the other no surgery, in order to obtain the biggest 145 

contrast in exposure.   146 
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Statistical Analyses 147 

Baseline descriptive statistics were expressed as means/medians and SD/interquartile range (IQR) 148 

for continuous variables and as numbers and proportions for categorical variables.  149 

The comparison of cognitive change scores between twins exposed for at least one 150 

surgery (major, minor surgery, knee/hip replacement surgery and other surgeries) and unexposed 151 

twins was performed using multivariate linear regression models adjusted for sex and age at intake 152 

in Model 1, and further adjustment for educational attainment in Model 2. In a third model we also 153 

adjusted for baseline cognitive score.21 Model assumptions were checked by residual plots and 154 

quantile-quantile plots of residuals. 155 

 In the intra-pair analyses the proportion of pairs in which the co-twin who had been 156 

exposed to anaesthesia and major surgery had also the higher cognitive decline was calculated 157 

including 95% CI using the binominal distribution. In addition, we assessed the numerical 158 

differences in cognitive decline within pairs using a Bland Altman plot and tested whether the mean 159 

difference in the 10-year cognitive change score within pairs was equal to zero using a one-sample 160 

t-test. 161 

 Attrition is inevitable in longitudinal studies and may pose a risk to both the internal 162 

and external validity. Selectivity of attrition in intake cognitive performance was examined with 163 

regression analyses to adjust for sex and age, as those factors may wholly or partially explain any 164 

observed inter-group difference. The risk of bias in the estimates of cognitive change due to attrition 165 

was addressed with logistic regression analyses to compare the odds of having had a surgery in one 166 

of the predefined exposure surgery groups in the follow-up period among non-participants and 167 

those deceased with the equivalent odds of having had a surgery among those who participated. 168 
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 In all regression analyses the within-pair dependency of twin individuals was 169 

considered by estimating the standard errors using the cluster option of STATA (release 13; 170 

STATA Corp., USA). 171 

 172 

Figure 1 Flow chart for the Study of the Middle-Aged Danish Twins  173 
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Results 174 

A total of 2,351 Danish middle-aged twins with two valid cognitive measurements taken 10 years 175 

apart participated in the study. Their intake characteristics in the total sample and by surgery 176 

exposure group are given in Table 1 along with intake characteristics of those who dropped out 177 

before follow-up (n=1,475) and those who participated, but did not have a follow-up cognitive 178 

measure (n=45) or died before follow-up (n=426). 179 

Table 1 Intake characteristics of the sample of the Study of Middle-Aged Danish Twins according to participation and non-180 
participation in the follow-up assessment and death before follow-up, in totals and by surgery exposure group 181 

Characteristics Totals Surgical procedure groups 
  Major surgery*  Minor surgery Knee/hip 

replacement 
Other surgery No surgery 

n (%)       
 Participants  2,351 (100)  194 (8)  515 (22)  51 (2)  143 (6)  1,448 (62) 
 Missing cog. score 
 at follow-up 

 45 (100)  7 (16)  7 (16)  2 (4)  5 (11)  24 (53) 

 Non-participants  1,475 (100)  139 (9)  295 (20)  42 (3)  86 (6)  913 (62) 
 Deceased  426 (100)  59 (14)  77 (18)  7 (2)  37 (9)  246 (57) 
Female, n (%)       
 Participants  1,112 (47)  70 (36)  169 (33)  15 (29)  45 (31)  813 (56) 
 Missing cog. score 
 at follow-up 

 18 (40)  3 (43)  2 (29)  1 (50)  2 (40)  10 (42) 

 Non-participants  793 (54)  61 (44)  114 (39)  21 (50)  36 (42)  561 (61) 
 Deceased  182 (43)  24 (41)  22 (29)  3 (43)  9 (24)  124 (50) 
Age†, year       
 Participants  55.6 (10.2)  58.2 (10.4)  54.8 (10.1)  60.1 (8.5)  57.7 (9.5)  55.1 (10.0) 
 Missing cog. score 
 at follow-up 

 60.1 (8.8)  63.2 (11.9)  58.1 (11.5)  57.0 (13.6)  58.1 (5.6)  60.3 (11.0) 

 Non-participants  57.5 (11.2)  60.7 (9.2)  56.5 (11.7)  60.2 (8.7)  59.2 (11.6)  56.8 (11.2) 
 Deceased  61.9 (9.9)  62.1 (10.6)  60.5 (10.2)  62.4 (12.1)  60.5 (8.4)  62.4 (9.2) 
Cognitive score±       
 Participants  -0.39 (3.30)  -0.57 (3.26)  -0.33 (3.51)  -1.10 (2.95)  -1.04 (3.12)  -0.30 (3.26) 
 Missing cog. score 
 at follow-up 

 -1.72 (3.24)  -3.13 (1.51)  -0.40 (4.22)  0.05 (0.03)  -2.11 (1.96)  -1.76 (3.57) 

 Non-participants  -1.69  (3.36)  -2.20  (3.34)  -1.59  (2.98)  -3.04  (3.73)  -1.47  (3.51)  -1.60  (3.43) 
 Deceased  -2.16  (3.64)  -1.73  (3.96)  -2.12  (3.21)  -4.90  (4.06)  -2.43  (4.10)  -2.15  (3.59) 
*Including cardiac, thoracic, laparotomy, central and peripheral vascular and fracture surgeries. †Median (IQR). ±Mean (SD) 

In both sexes, all surgery groups and the reference group without surgery exhibited a statistically 182 

significant decline in cognitive scores over the approximately 10-year follow-up (Figure 2). 183 
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 184 

 185 

Figure 2 Change in composite cognitive score over the 10-year test-retest period according to exposure status (no surgery, 186 
minor, major and other surgery and knee and hip replacement surgery) and stratified on sex 187 

Compared with the reference group, no statistically significant differences were found in the 10-188 

year cognitive change score in any of the surgery groups, when adjusted for sex and age (Model 1, 189 

Table 2). A tendency to a higher decline in composite cognitive score was found in twins with at 190 

least one major surgery (mean difference, -0.37, 95% CI, -0.76 to 0.02) and knee/hip replacement 191 

surgery (mean difference, -0.54, 95% CI, -1.30 to 0.23), corresponding to one tenth and one fifth of 192 

an SD, that is, negligible effect sizes. After further adjustment for educational attainment (Model 2) 193 

and baseline cognitive score (Model 3) similar results were found. 194 
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 To further illustrate the effect size using the animal fluency test, the mean number of 195 

animals named in 1 min is 24.2 at intake meaning that a one tenth of an SD decline corresponds to 196 

naming 0.7 fewer animals at follow up, which represents a difference that must be considered 197 

clinically unimportant. When dichotomizing the cognitive change measure, using a cognitive 198 

decline over the 10-year period of two standard deviations as a threshold, the percentages with a 199 

decline larger than or equal to two SD were similar among operated and non-operated participants 200 

(results not shown). We further analysed the data according to those who had undergone surgery up 201 

to two years (n = 320), one year (n = 188), and three months (n = 59) preceding follow up 202 

assessment (results are shown in appendix II). Overall, the mean differences in cognitive decline in 203 

the surgery groups compared with those without surgery were rather similar across time strata, and 204 

the results indicated no interaction of time since surgery with the association between surgery and 205 

cognitive decline. 206 

Table 2 Mean differences in 10-year change in composite cognitive score between middle-aged twins with major, minor, knee 207 
and hip replacement, or other surgeries and the reference group without surgery, (95 % CI) 208 
  Differences in cognitive change scores* 
Surgical procedure 
groups 

  
n 

 
Model 1 

 
n 

 
Model 2 

 
n 

 
Model 3 

Major†  194 -0.37 (-0.76 to 0.02) 189 -0.35 (-0.75 to 0.05) 189 -0.34 (-0.67 to -0.01) 
Minor  515  0.07 (-0.35 to 0.21) 502 -0.09 (-0.37 to 0.02) 502  0.00 (-0.24 to 0.24) 
Knee/hip 
replacement 

 51 -0.54 (-1.30 to 0.22) 49 -0.63 (-1.41 to 0.15) 49 -0.60 (-1.27 to 0.08) 

Other  143  0.31 (-0.10 to 0.71) 136  0.23 (-0.19 to 0.65) 136  0.10 (-0.26 to 0.46) 
Without surgery  1,448 Reference 1,417 Reference 1,417 Reference 
* Multiple linear regression analyses, adjusted for sex and age at intake (Model 1), sex, age at intake and educational attainment (Model 2), 
sex, age at intake, educational attainment and baseline composite cognitive score (Model 3). †Including cardiac, thoracic, laparotomy, central 
and peripheral vascular and fracture surgeries. 

To further adjust for genetic and shared environmental confounding, we performed intra-pair 209 

analyses of surgery-discordant twin pairs. Overall, we found that the surgery-exposed twin had a 210 

higher decline in 67 out of 122 pairs corresponding to 55% (95% CI, 45 to 63%), suggesting that it 211 

was equally common for the surgery-exposed twin to have the higher and the lower cognitive 212 

decline (Figure 3 A). When the twin pairs were restricted according to magnitude of the intra-pair 213 

difference in cognitive decline to the top 75, 50 and 25 percentages, the results were similar. This 214 

was also the case when twins were stratified according to zygosity (data not shown). The mean 215 
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numerical intra-pair differences in cognitive change score were also assessed in 121 pairs using the 216 

Bland Altman Plot (Figure 3 B). The Bland Altman Plot revealed no specific patterns of the intra-217 

pair differences and the mean difference in cognitive decline within pairs (the solid blue line) was -218 

0.21 (95% CI, -0.81 to 0.39), i.e. the twins exposed to major surgery had a negligible higher 10-year 219 

cognitive decline compared to their unexposed co-twins 220 

 221 

 222 

Figure 3 (A) Proportion of twin pairs in which the twin exposed to major surgery during follow-up had a larger decline in the 223 
10-year cognitive score compared to his/her unexposed co-twin for all 122 twin pairs and stratified according to the 224 
magnitude of intra-pair difference in cognitive change score. Above each line is the p-value from the binomial test, which 225 
tests whether the proportion of pairs in which the major surgery exposed twin had a higher decline than his/her unexposed 226 
co-twin equals to 0.5. (B) Bland Altman plot of the numerical differences in 10-year cognitive change score within twin pairs 227 
in which one twin was exposed to major surgery and the co-twin was unexposed. . Each dot represents a twin pair; the mean 228 
cognitive change score of the two twins in a pair is on the x-axis and the difference in cognitive change score between the two 229 
twins in a pair is on the y-axis. The solid blue line represents the mean of all twin-pair differences in cognitive change score 230 
(mean -0.21). 231 

With respect to selectivity in intake measures, minor differences were observed in the distribution 232 

of surgical exposure status, sex, median age and mean cognitive score at intake when non-233 

participants and those deceased were compared to those who participated (Table 1). Non-234 

participants and those deceased at follow-up had lower cognitive score at intake compared to those 235 

who participated also when adjusted for sex and age (Table 3). 236 

Table 3 Mean differences in intake composite cognitive score between middle-aged twins not participating in the 10-year 237 
follow-up and twins deceased before follow-up and the reference group who participated in the 10-year follow-up, according 238 
to exposure status determined by follow-up date, (95 % CI) 239 

 Differences in cognitive intake scores* 
 Major surgery† Minor surgery Knee/hip 

replacement 
Other surgery No surgery 
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Participants Reference Reference Reference Reference Reference 
Non-participants‡ -1.64 (-2.34 to -0.94) -1.18 (-1.64 to -0.73) -1.66 (-3.12 to -0.18) -0.32 (-1.18 to 0.53) -1.22 (-1.50 to -0.94) 
Deceased -1.07 (-2.21 to 0.07) -1.55 (-2.32 to -0.78) -3.60 (-6.47 to -0.73) -0.94 (-2.45 to 0.54) -1.32 (-1.81 to -0.83) 
*Multiple linear regression analyses, adjusted for sex and age at intake. †Including cardiac, thoracic, laparotomy, central and peripheral 
vascular and fracture surgeries. ‡The 45 twins who had missing cognitive score at follow-up are included in the group of non-participants. 

The odds of having had a major, minor, knee/hip replacement or other surgery, respectively, in the 240 

follow-up period among non-participants including those with a missing cognitive score and those 241 

who participated in the follow-up were similar (non-significantly odds ratios (ORs) between 1.11 242 

and 0.96), when adjusted for age at intake, sex and baseline cognitive score, indicating no 243 

association between surgical exposure and non-participation at follow-up. However, the odds were 244 

higher for having had a major surgery (OR 1.50; 95% CI, 1.06 to 2.12) and lower for having had a 245 

knee/hip replacement surgery (OR 0.51; 95% CI, 0.22 to 1.19) for participants who died before 246 

follow-up than for those who participated in the follow-up assessment.  247 
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Discussion 248 

In this study, no significant association was found between surgery, of whichever type, and a 10-249 

year change in cognitive score.  250 

  Our results are in line with the findings in our recent cross-sectional study of 8,503 251 

middle-aged and elderly twins with one cognitive assessment14, and so the present study adds to the 252 

evidence that surgical interventions in mid-life are not associated with accelerated subsequent long-253 

term cognitive decline. Comparisons with other studies are to some extent hampered by differences 254 

in methodology including diversity of participants, types of surgeries, length of follow-up, methods 255 

of cognitive assessment, and outcome measures. Despite this diversity, our findings are in line with 256 

the majority of the studies assessing cognitive functioning more than six months postoperatively as 257 

summarised in systematic reviews and/or meta-analyses of cardiac8-10, non-cardiac6, 10, 12, and 258 

knee/hip replacement surgery.11 Another study comparing the incidence of POCD at three months 259 

between different patient groups with coronary angiography under sedation (n=167), major non-260 

cardiac surgery under general anaesthesia (n=157), and coronary artery bypass graft surgery under 261 

general anaesthesia (n=312) and a control group without surgery (n=32) found no difference in the 262 

incidence leading to the conclusion that POCD at three months was independent of type of surgery 263 

and anesthetic.22 264 

The major strengths of our study are the use of a study sample from a population-265 

based survey retrieved from the Danish Twin Registry15 and almost complete registrations in the 266 

Danish NPR17, 18, as this reduced the risk for selection bias. The use of a twin population should not 267 

be a concern with respect to generalisability of our results to a non-twin population as twins have 268 

the same general health and survival as singletons after the infancy period23, 24 and in recent cohorts 269 

also the same cognitive functioning.25 However, as this study is performed in a relatively 270 

homogeneous Danish population with access to a National Health Care system with a minimum of 271 
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out-of-pocket expenses, caution is required in generalising our results to other settings, especially to 272 

countries with a health care system that is fundamentally different from the Danish health care 273 

system. 274 

 Even though we argue that the risk for selection bias is reduced, it is important to 275 

consider the sizeable attrition rate in this study. In total, 426 twins died before follow-up 276 

corresponding to 10% of those who participated in the intake assessment in 1998/1999 (n=4,299). 277 

The participation rate at follow-up given as the number of follow-up participants (n=2,351) divided 278 

by the number of surviving intake participants (n=3,873) was 61% (Figure 1) and thus somewhat 279 

lower than the participation rate at intake (83%). This difference in intake and follow-up 280 

participation rates can probably be explained by difference in location of the interviews as intake 281 

interview took place at the twins’ residence and the follow-up interview at a clinic, requiring the 282 

twins to travel.15 A comparison of participants, non-participants and those who were deceased by 283 

the time of follow-up on intake age and composite cognitive score showed the expected pattern, 284 

namely that those who were alive at follow-up were younger at intake and had a higher cognitive 285 

score than those who were deceased at follow-up, and those who participated in the follow-up were 286 

younger and had a higher cognitive score than non-participants (Table 1). The described pattern in 287 

cognitive score remained the same when adjusted for age and sex (Table 3). The magnitude of 288 

differences in intake measures between groups was rather small. In an association study, selection 289 

bias occurs if the exposure-outcome association differs between participants and non-participants. 290 

Although attrition in the current study is likely to underestimate the extent of cognitive decline over 291 

the 10-year period, the odds of having had any surgery, even a major surgery, in the follow-up 292 

period were similar among non-participants and participants, suggesting that the risk of bias due to 293 

attrition is minor. However, those deceased before follow-up had higher odds of having had a major 294 

surgery and lower odds of having had a knee/hip replacement surgery compared to those who 295 
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participated in the follow-up, indicating, as expected, that major surgery is associated with severe 296 

morbidity, and hence increased mortality and that knee/hip replacements are primarily given to 297 

individuals with a substantial remaining life expectancy. The odds of death being higher in those 298 

who underwent major surgery implicates that the effect on cognitive decline of major surgery may 299 

have been underestimated in this study. 300 

To our knowledge, this is the largest study reporting on surgery and cognitive decline 301 

with up to 10 years following surgery in a population of middle-aged persons. The observed effect 302 

sizes, all below one sixth of an SD, were negligible and, even with a larger sample size that may 303 

have yielded statistically significant results in some of the surgery groups, the differences in 304 

cognitive change score were unlikely to be clinically relevant. 305 

 We used the co-twin design to adjust for childhood living conditions and genetic 306 

endowment, both known to be associated with cognitive decline later in life.26, 27 Still, it may be that 307 

unmeasured comorbidity has confounded our finding of no association between surgery and 308 

cognitive decline as several diseases including cardiac diseases28 and cancer29 are important factors 309 

for both cognitive decline and undergoing surgery. If the operated participants have more diseases 310 

than the non-operated, which may be anticipated among the middle-aged and young elderly 311 

included in the study sample, the surgery-cognitive decline association will be overestimated. 312 

Contrarily, if the operated have less comorbidity the association will be underestimated, but we trust 313 

this scenario is more likely among very old persons because surgery is often not performed among 314 

those who are very frail. Furthermore, the lack of difference regardless of type of surgery exposure 315 

is supportive of our negative findings as there was no apparent dose-response effect of invasiveness 316 

of surgery. 317 

 In the interpretation of our results, alternative explanations related to the applied 318 

cognitive measure should also be considered. It may be that the measure has not been sufficiently 319 
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sensitive to detect differences in cognitive changes between groups over the test-retest- interval of 320 

10 years. However, the composite cognitive score has been used in numerous studies for more than 321 

a decade and has proven sufficiently sensitive in a cross-sectional study to detect a normative age-322 

related decline in cognition of 2.5 SD from age 45 to 90 years20, and correlated with both physical 323 

functioning30 and survival31. Although the cognitive composite measure primarily includes memory 324 

components implying that other specific cognitive domains may have been overlooked, it is 325 

important to emphasize that the measure is age sensitive and encompasses components that are 326 

crucial for daily living. 327 

To conclude, in this sample of middle-aged twins  no significant association was 328 

found between surgery, of whichever type, and change in cognitive score over the 10-year retest 329 

period in neither the individual level analyses nor in the intra-pair analyses. Our results suggest that 330 

surgery and anaesthesia in middle-aged patients do not accelerate long-term age-related cognitive 331 

decline.   332 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
19 

 

Funding 333 

This work was not directly supported, but the Danish Twin Registry and the Danish Aging Research Center have received grants 334 

from the National Program for Research Infrastructure, the Danish Agency for Science Technology and Innovation, Copenhagen, 335 

Denmark, 2007 (grant no. 09-063256); the VELUX Foundation, Copenhagen, Denmark; and the U.S. National Institutes of Health, 336 

Bethesda, Maryland (grant no. P01 AG08761). Dr. Rasmussen has received funding from the Tryg Foundation, Virum, Denmark. 337 

The funding sources were involved neither in the design, analysis, and preparation of the article nor in the decision to submit the 338 

article for publication. 339 

Authors’ contributions 340 

U.D.: study design and planning, analysis and interpretation of data, drafting of manuscript, critical revision of manuscript; M.W.: 341 

statistical analysis, analysis and interpretation of data, critical revision of manuscript; M.T.: statistical analysis, analysis and 342 

interpretation of data, critical revision of manuscript; T.G.H.: study design and planning, analysis and interpretation of data, critical 343 

revision of manuscript; L.S.R.: study design and planning, analysis and interpretation of data, critical revision of manuscript; J. M-F.: 344 

study design and planning, analysis and interpretation of data, critical revision of manuscript; K.C.: study design and planning, 345 

analysis and interpretation of data, critical revision of manuscript. 346 

Declaration of interest 347 

None declared. 348 

Correspondence 349 

Address correspondence to Unni Dokkedal: Unit of Epidemiology, Biostatistics, and Biodemography, University of Southern 350 

Denmark, J.B. Winsløws Vej 9B, 5000 Odense, Denmark. udokkedal@health.sdu.dk.  351 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
20 

 

References 352 

1 Paredes S, Cortinez L, Contreras V, Silbert B. Post-operative cognitive dysfunction at 3 months in adults 353 

after non-cardiac surgery: a qualitative systematic review. Acta anaesthesiologica Scandinavica 2016; 60: 354 

1043-58 355 

2 Johnson T, Monk T, Rasmussen LS, et al. Postoperative cognitive dysfunction in middle-aged patients. 356 

Anesthesiology 2002; 96: 1351-7 357 

3 Moller JT, Cluitmans P, Rasmussen LS, et al. Long-term postoperative cognitive dysfunction in the elderly 358 

ISPOCD1 study. ISPOCD investigators. International Study of Post-Operative Cognitive Dysfunction. Lancet 359 

1998; 351: 857-61 360 

4 Canet J, Raeder J, Rasmussen LS, et al. Cognitive dysfunction after minor surgery in the elderly. Acta 361 

anaesthesiologica Scandinavica 2003; 47: 1204-10 362 

5 Patel N, Minhas JS, Chung EM. Risk Factors Associated with Cognitive Decline after Cardiac Surgery: A 363 

Systematic Review. Cardiovascular psychiatry and neurology 2015; 2015: 370612 364 

6 Newman S, Stygall J, Hirani S, Shaefi S, Maze M. Postoperative cognitive dysfunction after noncardiac 365 

surgery: a systematic review. Anesthesiology 2007; 106: 572-90 366 

7 Monk TG, Weldon BC, Garvan CW, et al. Predictors of cognitive dysfunction after major noncardiac 367 

surgery. Anesthesiology 2008; 108: 18-30 368 

8 Cormack F, Shipolini A, Awad WI, et al. A meta-analysis of cognitive outcome following coronary artery 369 

bypass graft surgery. Neuroscience and biobehavioral reviews 2012; 36: 2118-29 370 

9 Fink HA, Hemmy LS, MacDonald R, et al. Intermediate- and Long-Term Cognitive Outcomes After 371 

Cardiovascular Procedures in Older Adults: A Systematic Review. Annals of internal medicine 2015; 163: 372 

107-17 373 

10 Avidan MS, Evers AS. Review of clinical evidence for persistent cognitive decline or incident dementia 374 

attributable to surgery or general anesthesia. Journal of Alzheimer's disease : JAD 2011; 24: 201-16 375 

11 Scott JE, Mathias JL, Kneebone AC. Postoperative cognitive dysfunction after total joint arthroplasty in 376 

the elderly: a meta-analysis. The Journal of arthroplasty 2014; 29: 261-7.e1 377 

12 Guay J. General anaesthesia does not contribute to long-term post-operative cognitive dysfunction in 378 

adults: A meta-analysis. Indian journal of anaesthesia 2011; 55: 358-63 379 

13 Schenning KJ, Murchison CF, Mattek NC, Silbert LC, Kaye JA, Quinn JF. Surgery is associated with 380 

ventricular enlargement as well as cognitive and functional decline. Alzheimer's & dementia : the journal of 381 

the Alzheimer's Association 2016; 12: 590-7 382 

14 Dokkedal U, Hansen TG, Rasmussen LS, Mengel-From J, Christensen K. Cognitive Functioning after 383 

Surgery in Middle-aged and Elderly Danish Twins. Anesthesiology 2016; 124: 312-21 384 

15 Skytthe A, Christiansen L, Kyvik KO, et al. The Danish Twin Registry: linking surveys, national registers, 385 

and biological information. Twin research and human genetics : the official journal of the International 386 

Society for Twin Studies 2013; 16: 104-11 387 

16 Pedersen CB. The Danish Civil Registration System. Scandinavian Journal of Public Health 2011; 39: 22-5 388 

17 Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register. Scandinavian journal of public 389 

health 2011; 39: 30-3 390 

18 Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH. The Danish National Hospital Register. A 391 

valuable source of data for modern health sciences. Danish medical bulletin 1999; 46: 263-8 392 

19 McGue M, Christensen K. The heritability of level and rate-of-change in cognitive functioning in Danish 393 

twins aged 70 years and older. Experimental aging research 2002; 28: 435-51 394 

20 Vestergaard S, Thinggaard M, Jeune B, Vaupel JW, McGue M, Christensen K. Physical and mental decline 395 

and yet rather happy? A study of Danes aged 45 and older. Aging & mental health 2014: 1-9 396 

21 Van Breukelen GJ. ANCOVA versus change from baseline: more power in randomized studies, more bias 397 

in nonrandomized studies [corrected]. Journal of clinical epidemiology 2006; 59: 920-5 398 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
21 

 

22 Evered L, Scott DA, Silbert B, Maruff P. Postoperative cognitive dysfunction is independent of type of 399 

surgery and anesthetic. Anesthesia and analgesia 2011; 112: 1179-85 400 

23 Petersen I, Nielsen MM, Beck-Nielsen H, Christensen K. No evidence of a higher 10 year period 401 

prevalence of diabetes among 77,885 twins compared with 215,264 singletons from the Danish birth 402 

cohorts 1910-1989. Diabetologia 2011; 54: 2016-24 403 

24 Christensen K, Vaupel JW, Holm NV, Yashin AI. Mortality among twins after age 6: fetal origins 404 

hypothesis versus twin method. Bmj 1995; 310: 432-6 405 

25 Christensen K, Petersen I, Skytthe A, Herskind AM, McGue M, Bingley P. Comparison of academic 406 

performance of twins and singletons in adolescence: follow-up study. Bmj 2006; 333: 1095 407 

26 Deary IJ, Corley J, Gow AJ, et al. Age-associated cognitive decline. British medical bulletin 2009; 92: 135-408 

52 409 

27 Richards M, Shipley B, Fuhrer R, Wadsworth ME. Cognitive ability in childhood and cognitive decline in 410 

mid-life: longitudinal birth cohort study. Bmj 2004; 328: 552 411 

28 Eggermont LH, de Boer K, Muller M, Jaschke AC, Kamp O, Scherder EJ. Cardiac disease and cognitive 412 

impairment: a systematic review. Heart 2012; 98: 1334-40 413 

29 Amidi A, Wu LM, Pedersen AD, et al. Cognitive impairment in testicular cancer survivors 2 to 7 years 414 

after treatment. Supportive care in cancer : official journal of the Multinational Association of Supportive 415 

Care in Cancer 2015; 23: 2973-9 416 

30 Johnson W, Deary IJ, McGue M, Christensen K. Genetic and environmental links between cognitive and 417 

physical functions in old age. J Gerontol B Psychol Sci Soc Sci 2009; 64: 65-72 418 

31 Arden R, Luciano M, Deary IJ, et al. The association between intelligence and lifespan is mostly genetic. 419 

Int J Epidemiol 2016; 45: 178-85 420 

  421 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
22 

 

Appendix I: Surgery Codes according to the Nordic Classification of Surgical Procedures that Are 422 

Included in the Specified Surgery Groups: Major surgery, Minor surgery, Knee and Hip 423 

Replacement Surgery, and Other Surgeries 424 

Major surgeries 
Cardiac surgeries included codes 
KFKD00, KFMD00, KFMD10, KFNA00, KFNC10, KFNC20, KFNC30, KFNC40, KFNE00, KFNE96, 
KFNG00, KFNG02, KFNG02A, KFNG05, KFNG05A, KFNG30, KFXA00, KFXA96, KFXB00, KFXB96 
Thoracic surgeries included codes 
KGAB10, KGAC00, KGAC01, KGDA20, KGDA21, KGDB11, KGDB96, KGDC00, KGDC01, KJCC10, 
KJCC11 
Central and peripheral vascular  surgeries included codes 
KPDC30, KPDG21, KPDH24, KPEF10, KPEH20, KPFH28, KPGH40  
Laparotomies included codes 
KJAH00, KJAL30, KJBC01, KJDA42, KJDA60, KJDD00, KJFB00, KJFB30, KJFB31, KJFB33, KJFB43, 
KJFB46, KJFG00, KJFG20, KJFG33, KJFG70, KJFH10, KJFK10, KJGB00, KJGB01, KJGB10, KJGB30, 
KJKA16, KJKA20, KJKA21, KJKB30, KJKD20, KJWD00, KKAB01, KKAC00, KKAC21, KKAS20, 
KKBJ80, KKCD10, KKCH01, KKCH42, KKCV22, KKKB10, KLAD00, KLAE20, KLAF00, KLAF10, 
KLCC00, KLCC10, KLCD00, KLCD04, KYKA01 
Major fracture surgeries included codes 
KNAG14, KNAG30, KNAG46, KNAG94, KNBJ11, KNBJ41, KNBJ51, KNBJ62, KNBJ71, KNBJ81, 
KNFJ24, KNFJ44, KNFJ51, KNFJ64, KNFJ70, KNFJ80, KNFJ81, KNGJ22, KNGJ40, KNGJ52, KNGJ59, 
KNGJ71, KNHJ42, KNHJ60, KNHJ62, KNHJ70, KNHJ74 
Minor surgeries 
Included all day-only  procedures, surgeries  followed by less than 2 days hospitalisation*  and  irrespective 
of the first to criteria surgery codes that are compatible with, eye surgery, endoscopic and biopsy procedures, 
skin surgery and other small surgeries.  
Eye surgeries included codes KCA, KCB, KCD, KCE, KCF, KCG, KCH, KCJ, KCK, KCW 
Endoscopic  and biopsy procedures included codes KUD, KUE, KUG, KUJ, KUK, KUL 
Skin surgeries included codes KQA, KQB, KQC, KQD, KQW, KQX 
Other small surgery procedures included codes KTA, KTB, KTC, KTD, KTE, KTF, KTG, KTH, KTJ, KTK, 
KTL, KTM, KTN, KTP, KTQ 
Knee and hip replacement surgeries 
KNFB12, KNFB20, KNFB30, KNFB40, KNFC20, KNFC21, KNGB14,  KNGB20, KNGB30, KNGB40, 
KNGC30, KNGC40, KNGC99 
Other surgeries 
Surgery codes that are not included  in major, minor or knee/hip replacement surgeries 
  425 
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Appendix II Mean differences in 10-year change in composite cognitive score between middle-aged twins with major, 426 
minor, knee and hip replacement, or other surgeries and the reference group without surgery with increasing restriction of 427 
our sample: participants who had undergone surgery up to 2 years, 1 year and 3 months preceding follow up examination, 428 
(95 % CI) 429 
  Differences in cognitive change scores* 
Surgical procedure 
groups 

  
n 

 
2 years 

 
n 

 
1 year 

 
n 

 
3 months 

Major†  44 -0.14 (-0.79 to 0.51) 21 -0.39 (-1.14 to 0.35) 6  0.28 (-0.69 to 1.26) 
Minor  230 -0.06 (-0.40 to 0.27) 144 -0.04 (-0.46 to 0.39) 47 -0.06 (-0.84 to 0.73) 
Knee/hip 
replacement 

 15 -0.41 (-1.39 to 0.57) 10  0.01 (-0.86 to 0.88) 3  1.37 (-0.24 to 2.98) 

Other  31 -0.65 (-1.36 to 0.06) 13 -0.58 (-1.61 to 0.45) 3  1.23 (0.56 to 1.90) 
Without surgery  1,417 Reference 1,417 Reference 1,417 Reference 
* Multiple linear regression analyses, adjusted for sex, age at intake, educational attainment and baseline composite cognitive score (Model 3 
in the manuscript). †Including cardiac, thoracic, laparotomy, central and peripheral vascular and fracture surgeries. 

 430 


