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Abstract

To assess 20-year retrospective trajectories of cardio-metabolic factors preceding dementia diagnosis among people with
type 2 diabetes (T2D). We identified 227,145 people with T2D aged > 42 years between 1999 and 2018. Annual mean levels
of eight routinely measured cardio-metabolic factors were extracted from the Clinical Practice Research Datalink. Multivari-
able multilevel piecewise and non-piecewise growth curve models assessed retrospective trajectories of cardio-metabolic
factors by dementia status from up to 19 years preceding dementia diagnosis (dementia) or last contact with healthcare (no
dementia). 23,546 patients developed dementia; mean (SD) follow-up was 10.0 (5.8) years. In the dementia group, mean
systolic blood pressure increased 16—19 years before dementia diagnosis compared with patients without dementia, but
declined more steeply from 16 years before diagnosis, while diastolic blood pressure generally declined at similar rates.
Mean body mass index followed a steeper non-linear decline from 11 years before diagnosis in the dementia group. Mean
blood lipid levels (total cholesterol, LDL, HDL) and glycaemic measures (fasting plasma glucose and HbAlc) were gener-
ally higher in the dementia group compared with those without dementia and followed similar patterns of change. However,
absolute group differences were small. Differences in levels of cardio-metabolic factors were observed up to two decades
prior to dementia diagnosis. Our findings suggest that a long follow-up is crucial to minimise reverse causation arising from
changes in cardio-metabolic factors during preclinical dementia. Future investigations which address associations between
cardiometabolic factors and dementia should account for potential non-linear relationships and consider the timeframe when
measurements are taken.
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Introduction

Type 2 diabetes and dementia are both increasing in preva-
lence, costly to health systems, and major contributors to
comorbidities and mortality globally [1, 2]. People with type
2 diabetes have a two-fold increased dementia risk [3]. In
England, one fifth of people aged > 65 years with dementia
have diabetes [4], leading to increasingly complex clinical
and social care needs.

Despite dementia being a leading cause of death, our
understanding of its risk factors and prevention has advanced
slower than that for other major non-communicable diseases.
Type 2 diabetes represents a potential intervention point,
as up to 10% of dementia cases may be attributable to type
2 diabetes [5]. However, the causal pathways of diabetes-
related dementia risk are not well-understood and effective
preventive approaches are currently limited [5]. Several
underlying mechanisms have been proposed including cer-
ebral insulin dysregulation, cerebrovascular abnormalities,
advanced protein glycation, oxidative stress and cerebral
accumulation of several proteins [5-8]. These pathologies,
however, can occur in the absence of diabetes and are known
to progressively accumulate over several years before the
clinical onset of cognitive decline and dementia. These early
pre-clinical stages are acknowledged as potential targets for
secondary prevention and future disease-modifying pharma-
ceutical therapies [6]. Although hyperglycaemia has been
linked to increased dementia risk, intensified glycaemic
control and diabetes-specific medical treatments have not
shown to change the course of dementia development [8, 9].

Cardio-metabolic factors present as potentially modifiable
risk factors in people with type 2 diabetes, as mid-life hyper-
tension, obesity, physical inactivity, and dyslipidaemia each
independently increase dementia risk in the general popula-
tion [2, 10]. However, the levels of cardio-metabolic factors
and their effects on dementia risk may vary over the lifespan,
presenting challenges to identify targets for timely interven-
tions. A few studies have explored cardio-metabolic factor
trajectories within the general population [11-14]. Crucially,
long-term retrospective trajectories of cardio-metabolic fac-
tors before dementia onset have not been described among
populations with type 2 diabetes apart from one small study
[15]. Generally, studies assessing links between cardio-meta-
bolic factors and dementia in people with diabetes have been
limited by study design, small sample size, short follow-
up, and a limited range of study covariates and outcomes
[15-22]. To address these knowledge gaps, this study aims
to characterise and compare the 20-year retrospective trajec-
tories of eight routinely measured cardio-metabolic factors
leading up to dementia diagnosis among people with type 2
diabetes using data from the UK Clinical Practice Research
Datalink in England.
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Methods
Study design and population

We used data from the UK Clinical Practice Research Data-
link (CPRD) ‘GOLD’, one of the largest electronic primary
care database which holds longitudinal pseudo-anonymised
electronic health records [23]. For a subset of English prac-
tices (n=410), data linkage is available to Hospital Episode
Statistics (HES) and Office for National Statistics (ONS)
mortality files covering approximately 7% of the English
population [24]. Individuals’ socio-demographic charac-
teristics, clinical history and assessments, laboratory tests
and prescriptions were collected prospectively during rou-
tine care [24]. Ethics approval was obtained from the Inde-
pendent Scientific Advisory Committee for Medicines and
Healthcare products Regulatory Agency under registered
study protocol number 16_252. We extracted data from 1st
January 1999 to 31st December 2018 for people with type
2 diabetes.

Type 2 diabetes ascertainment

We established our analytical cohort by identifying individu-
als with type 2 diabetes using diagnostic (C10) and man-
agement (66A) ‘Read codes’, prescription data for glucose
lowering therapy, and ICD-10 diagnostic codes in HES and
ONS records (Supplementary Tables 1-3). We included peo-
ple who were diagnosed with type 2 diabetes at any time
between Ist January 1999 and 31st December 2018. We did
not include people diagnosed with diabetes <35 years of age
who were prescribed insulin within 6 months of diagnosis
without receiving oral hypoglycaemic medications for > 6
months as part of our definition, as they were likely to have
type 1 diabetes.

Dementia ascertainment

Incident dementia was identified using an algorithm (Sup-
plementary Fig. 1) including combinations of clinical
diagnostic, administrative, cognitive functioning testing,
prescription, hospital admissions, referrals, and mortality
data to maximise the detection of dementia cases, because
dementia is known to be under-recorded in electronic health
records. Dementia codes in CPRD have been previously val-
idated [25], and are listed in Supplementary Tables 4—6. For
the main dementia definition, we firstly identified diagnostic
codes and prescription of dementia drugs from primary care
records, and diagnostic codes on admissions in HES data
and ONS mortality files in any diagnostic field. We then
maximised detection rates by including valid results indica-
tive of dementia from cognitive tests, including Mini-Mental
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State Examination, General Practitioner Assessment of Cog-
nition, Six-item Cognitive Impairment Test, Abbreviated
Mental Test, and Addenbrooke’s Cognitive Examination.

To further maximise case detection, we identified people
with diagnostic and administrative management codes that
refer to mild/moderate cognitive impairment, memory loss
or referral to memory clinic and classified people as prob-
able cognitive impairment cases if they also had a cognitive
testing recorded without a valid result. This resulted in 519
probable cognitive impairment cases in addition to 23,546
from the main definition, resulting in a total of 24,065 cases.
We also identified 697 people with referral to memory clinic
(possible cognitive impairment cases), which increased the
total number of dementia cases to 24,243.

Final analytical population

We identified 351,428 eligible people, and excluded 91,267
who were born after 1957 (aged <42 years old in 1999,
as dementia mostly affect elderly individuals, and risk of
dementia increases with age), 17,685 who did not meet
CPRD quality assurance criteria for research use [24], 7471
who did not receive a diabetes diagnosis within their valid
follow-up times, 7858 who received a dementia diagnosis
before or at the beginning of their follow-up, and two who
reported indeterminate gender. As such, 227,145 people
aged 42 years old or older who developed type 2 diabetes at
any time during follow-up (i.e., after the index year of 1999)
were included in the final sample (Supplementary Fig. 2).
All were followed up until dementia diagnosis, death,
transfer out-of-practice or end of study period, whichever
occurred first.

Cardio-metabolic measurements

Cardiometabolic factors were measured according to stand-
ardised protocols during routine primary care visits [24].
Systolic blood pressure (SBP), diastolic blood pressure
(DBP), body mass index (BMI), fasting plasma glucose
(FPG), haemoglobin Alc (HbAlc), total cholesterol, high-
density lipoprotein (HDL), and low-density lipoprotein
(LDL) measurements were extracted and averaged as annual
means for each individual. All measurements (including
those taken before diabetes diagnosis) throughout follow-up
were included. As the management of chronic diseases and
recording of care processes have been financially incentiv-
ised in English primary care since 2004, there is a reason-
ably robust annual ascertainment of these parameters [26].

Other covariates

Study covariates included baseline age, sex, ethnicity, smok-
ing status, Index of Multiple Deprivation (IMD) quintiles

[27], duration of diabetes, time-varying insulin, anti-hyper-
glycaemic, anti-hypertensive, anti-lipid, anti-platelet medi-
cations, and the number of co-morbid conditions. Detailed
definitions can be found in supplementary methods.

Statistical analysis

People with type 2 diabetes were divided into two groups
based on whether they developed dementia at any point dur-
ing follow-up. The date of dementia diagnosis (people with
dementia) or last contact with their healthcare (people with-
out dementia) is designated as the zero time-point. From the
zero time-point, all people were traced backwards in time
retrospectively to their first contact with healthcare, the ear-
liest of which is 1st January 1999.

Annual means of each cardio-metabolic factors were first
calculated for each individual and their duration of follow-up
years. Multilevel linear or non-linear growth curve models
(spline regression with individual-specific random intercept
and slope) assessed the differences in longitudinal retrospec-
tive trajectories of cardio-metabolic factors between people
with and without dementia. The incorporation of the spline
function helped capture potential changes in trajectories of
cardio-metabolic factors. Therefore, follow-up time was
either treated as a single time period (non-piecewise) or
segmented into two or more fragments (piecewise).

Choice and number of time segments was initially based
on the visual inspection of cohort retrospective trajectories
of cardio-metabolic factors plotted as a function of time
(Supplementary Figs. 3-5). This was further optimised by
testing incorporated time segments with different choices of
nearby knots or simpler models with fewer or no knots (lin-
ear model). Higher-order polynomial of time segment(s) was
also considered whenever appropriate. The best fitting model
was determined using likelihood ratio tests for comparison
between nested models, and by examining the Akaike Infor-
mation Criterion (AIC) and Bayesian Information Criterion
(BIC) between non-nested models. The most parsimonious
model with the lowest AIC and BIC, as well as a likelihood
ratio test result of p <0.05 when compared to the previous
nested model iterations was considered superior and chosen
for further analyses. As such, growth models for HDL and
total cholesterol were non-piecewise (one single time seg-
ment); BMI, FPG and HbA 1c were piecewise with two time
segments; SBP, DBP and LDL with three time segments.
Model equations are presented in supplementary materials
(Egs. 1-4).

Dementia status was modelled as a fixed effect, and
its interactions with time examines the departure of out-
come trajectories among people without dementia (refer-
ence) from those with dementia. For random slope effects,
only the time segment closest to the zero time-point was
included, as including two or more time segments resulted
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in non-convergence. Minimal adjustments included age, sex,
and their interactions with time (fixed effects). The final
models were additionally adjusted for (i) ethnicity at the zero
time-point, smoking status, IMD quintiles, duration of dia-
betes, and their interactions with time, and (ii) time-varying
insulin prescription and number of comorbid conditions.
For sensitivity analyses, we firstly assessed the robust-
ness of our dementia definition by including probable and
possible cognitive impairment cases as exposures separately.
Second, we restricted the analyses to people with > 10 years
of follow-up to assess robustness against follow-up time.
Third, additional individual adjustments for stroke and acute
myocardial infarction, which are important potential con-
founders, in place of the number of comorbid conditions
assessed the impacts of adjusting for major cardiovascular
events in a time-varying manner. Fourth, we assessed the
further inclusion of time-varying anti-hypertensive, oral

anti-hyperglycaemic, anti-lipid, and anti-platelet medica-
tions. Lastly, we repeated the analyses using a case-control
approach: matching two controls per person with dementia
without replacement by age at zero time-point (+3 years)
and exactly by sex.

All statistical analyses were performed in Stata 16.1; a
two-sided p < 0.05 was considered statistically significant.

Results

Cohort characteristics

Among 227,145 people with type 2 diabetes, there were
23,546 incident dementia cases (Table 1). The mean (SD)

follow-up time was 9.6 (5.8) years for people with dementia
and 10.0 (5.9) years for people without dementia. People

Table 1 Characteristics of study participants with type 2 diabetes in the Clinical Research Practice Datalink at the time of dementia diagnosis
(dementia group) or last contact with healthcare (non-dementia group) between 1999 and 2018 in England

Total Dementia (n=23,546) Non-dementia p—value*
(n=227,145) (n=203,599)
Age, years, mean (SD) 73.4 (10.2) 82.2 (8.1) 72.4 (10.0) <0.001
Sex, n (%)
Male 119,561 (52.6) 10,157 (43.1) 109,404 (53.7) <0.001
Female 107,584 (47.4) 13,389 (56.9) 94,195 (46.3)
Ethnicity, n (%)
White 194,069 (85.4) 21,606 (91.8) 172,463 (84.7) <0.001
Non-White 19,296 (8.5) 1392 (5.9) 17,904 (8.8)
Unknown/missing 13,780 (6.1) 548 (2.3) 13,232 (6.5)
Smoking status, n (%)
Non-smoker 86,213 (38.0) 9968 (42.3) 76,245 (37.4) <0.001
Smoker 70,084 (30.9) 5407 (23.0) 64,677 (31.8)
Ex-smoker 70,848 (31.2) 8171 (34.7) 62,677 (30.8)
Index of Multiple Deprivation (IMD) quintiles, n (%)
Ist quintile (least deprived) 32,377 (14.3) 3264 (13.8) 29,113 (14.3) 0.190
2 43,277 (19.1) 4480 (19.0) 38,797 (19.1)
3 44,092 (19.4) 4520 (19.2) 39,572 (19.4)
4 50,778 (22.4) 5367 (22.8) 45,411 (22.3)
5th quintile (most deprived) 56,621 (24.9) 5915 (25.1) 50,706 (24.9)
Diabetes duration, years, mean (SD) 6.9 (5.4) 8.2 (6.0) 6.7 (5.4) <0.001
Insulin, ever prescribed, n (%) 25,328 (11.2) 2558 (10.9) 22,770 (11.2) 0.201
Number of co-morbidities, median (IQR)" 1(0-2) 2 (1-3) 1(0-2) <0.001
Anti-hyperglycaemic, ever prescribed, n (%) 134,258 (59.1) 13,341 (56.7) 120,917 (59.4) <0.001
Anti-hypertensive, ever prescribed, n (%) 169,002 (74.4) 17,918 (76.1) 151,084 (74.2) <0.001
Anti-lipid, ever prescribed, n (%) 148,760 (65.5) 14,883 (63.2) 133,877 (65.8) <0.001
Anti-platelet, ever prescribed, n (%) 97,088 (42.7) 11,733 (49.8) 85,355 (41.9) <0.001
Retrospective follow-up time, years, mean (SD) 10.0 (5.8) 9.6 (5.8) 10.0 (5.9) <0.001
ara>

*Comparisons were made between dementia and non-dementia groups, with p-value obtained through two-sample independent f-test for con-

tinuous variables and chi-squared test for categorical variables

tComorbidities include stroke, acute myocardial infarction, peripheral artery disease, atrial fibrillation, heart failure, asthma, chronic obstructive
pulmonary disease, cancer, chronic kidney disease, rheumatoid arthritis, Parkinson’s disease, and clinical depression
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with dementia were older, more likely to be white, male,
non-smokers with a longer diabetes duration, and had more
comorbid conditions compared with people without demen-
tia. The two groups were similar regarding ever receiving
insulin treatment and socioeconomic status.

Blood pressure levels and body mass index

In the fully adjusted models, trajectories of mean SBP gen-
erally followed a downward trend from the point of first
contact regardless of dementia status (Fig. 1). However,
annual rates of decline varied throughout (Supplementary
Table 8). Mean SBP levels were similar between groups
19 years prior, at 146.4 (95% CI 145.6-147.2) mmHg and
146.6 (146.4-146.8) for people with and without demen-
tia respectively (Fig. 1). Moving forward in time, mean
SBP levels were initially higher for people with dementia
vs. without between 17 and 10 years before diagnosis by
0.21 (0.02-0.39) to 1.19 (0.94-1.43) mmHg (Supplemen-
tary Table 9). Between seven to two years before diagno-
sis, mean SBP levels among people with dementia were
lower than people without dementia by —0.28 (—0.46 to
—0.11) to —1.10 (— 1.29 to — 0.90) mmHg (Supplementary
Table 9). By diagnosis, people with dementia had a lower
mean SBP [132.6 (132.4-132.9) mmHg] versus people
without dementia [134.7 (134.6—134.7) mmHg], with a sta-
tistically significant difference of —2.01 (—2.28 to —1.74)
mmHg (Supplementary Table 9). These group differences
are reflected in the annual rates of change in SBP levels for
people with dementia relative to the non-dementia group:
0.47 (0.19-0.74) mmHg/year between — 19 and — 16 years;
—0.16 (—0.18 to —0.14) mmHg/year greater reductions
between — 16 and — 2 years; and —0.46 (—0.60 to —0.31)
mmHg/year in the final two years before diagnosis (Supple-
mentary Table 8). DBP declined steadily over retrospective
follow-up in both dementia and non-dementia groups; dif-
ferences between groups were statistically significant, but
small in absolute terms (Supplementary Table 9).

People with dementia had a consistently lower mean BMI
compared with people without dementia [-0.21 (—0.33 to
—0.09) kg/m? to — 1.24 (— 1.34 to — 1.14) kg/m?, p <0.002]
throughout the lead up to diagnosis (Supplementary
Table 9). Mean BMI was lower for the dementia group 19
years before diagnosis: 29.0 (28.9-29.1) kg/m?; and slightly
higher in the non-dementia group at 29.2 (29.1-29.2) kg/m?
(Fig. 1). Although mean BMI levels initially increased in
both groups during the first decade, albeit by a lesser extent
among people with dementia [0.023 (—0.035 to 0.011) kg/
m?] (Supplementary Table 8), both trajectories followed
a concave downward trend thereafter in the latter decade
towards the zero time-point (Fig. 1), where people with
dementia experienced a significantly steeper decline, result-
ing in a lower BMI. By diagnosis, BMI was 28.2 (28.1-28.3)

kg/m? for people with dementia vs. 29.5 (29.5-29.5) kg/m>
for people without dementia.

Glucose and HbA1c

Mean levels of FPG and HbAlc were generally higher
among people with dementia throughout follow-up (Fig. 2).
At 19 years before zero time-point, mean FPG levels were
lower in both groups at 8.05 (7.64-8.46) mmol/L for people
with dementia and 8.14 (8.00—8.29) mmol/L for people with-
out dementia (Fig. 2). Moving forward in time, trajectories
of FPG were initially similar between groups, but followed
a U-shaped trend upwards, which resulted in higher FPG
levels at zero time-point. Mean differences in levels of FPG
ranged from 0.09 (0.01-0.17) mmol/L to 0.21 (0.17-0.25)
mmol/L (p <0.03) in the last 15 years of follow-up (Sup-
plementary Table 9). At dementia diagnosis, mean FPG was
higher at 8.64 (8.58—8.70) mmol/L versus 8.48 (8.46-8.50)
mmol/L for people without dementia.

Mean levels of HbA 1c among people with dementia were
5 mmol/mol higher (p <0.001) 19 years before zero time-
point [63 (60—65) mmol/mol] compared with people with-
out dementia [58 (57-59) mmol/mol]. People with dementia
experienced a —2 (— 3 to — 1) mmol/mol greater reduction
per year vs. people without dementia between 19 and 17
years before diagnosis (Supplementary Table 8). HbAlc tra-
jectories followed a non-linear trend in both groups, where
estimated HbA 1c levels remained higher among people with
dementia relative to people without dementia. However,
overall mean differences only reduced by about 1 mmol/
mol in the latter 16 years of follow-up (p <0.002) (Supple-
mentary Table 9). At diagnosis, mean HbAlc levels were 56
(55-57) mmol/mol versus 55 (55-55) mmol/mol for people
with dementia versus without respectively.

Lipids

Overall, differences in mean levels of cholesterol, HDL, and
LDL were small between groups, following largely similar
trajectories (Supplementary Table 8). People with dementia
generally had higher levels of all lipids during follow-up
(Fig. 3 and Supplementary Table 10).

Mean levels of total cholesterol followed a non-linear
downwards trajectory from 6.85 (6.80-6.89) mmol/L 19
years before to 4.45 (4.43—4.46) mmol/L at zero time-point
among people with dementia, versus 6.69 (6.67-6.71)
mmol/L 19 years before to 4.38 (4.37—4.38) mmol/L at zero
time-point for people without dementia. Although differ-
ences between groups were small, it remained statistically
significant throughout follow-up (p <0.001) (Supplementary
Table 10). Mean levels of HDL followed a linear trend dur-
ing follow-up in both groups without significant changes.
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Fig. 1 Trajectories of (A) sys-
tolic blood pressure, (B) dias-
tolic blood pressure, and (C)
body mass index over 20 years
of retrospective follow-up. Year
0 (zero time point) represents
either the date of diagnosis of
dementia (dementia group) or
last contact with healthcare
(non-dementia group). Patients
were traced backwards in time,
and were allowed to enter the
cohort at any time conditional
on a diabetes diagnosis within
their retrospective follow-up
duration. Estimations are based
on piecewise linear (systolic and
diastolic blood pressure) and
non-linear (body mass index)
growth curve models, includ-
ing up to three time periods
modelled as linear or non-linear
splines, dementia status, and
interactions between dementia
status and time. Coloured solid
lines represent point estimates
for each group, coloured dot-
ted lines for 95% confidence
intervals for said estimations,
while modelled time periods
are indicted by grey vertical
dotted lines. Three time periods
ranging from year 0 to —2, —2
to — 16, — 16 to — 19 (from right
to left) were defined for systolic
blood pressure; from year 0 to
—15,-15t0 —18, - 18 to — 19
for diastolic blood pressure; and
two time periods ranging from
year 0to —11 and — 11 to — 19
were defined for body mass
index. Retrospective trajecto-
ries are adjusted for covariates
defined at year 0, including age,
sex, ethnicity, smoking status,
Index of Multiple Deprivation
quintiles, duration of diabetes
and their interactions with time,
and time-varying covariates
including insulin prescrip-

tion and number of comorbid
conditions. Tables underneath
each graph report the number
of measurements for dementia
and non-dementia group at each
stated retrospective follow-up
year, where year 0O is the study
baseline
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Fig.2 Trajectories of (A)
fasting plasma glucose and

(B) HbAlc over 20 years of
retrospective follow-up. Year

0 (zero time point) represents
either the date of diagnosis of
dementia (dementia group) or
last contact with healthcare
(non-dementia group). Patients
were traced backwards in time,
and were allowed to enter the
cohort at any time conditional
on a diabetes diagnosis within
their retrospective follow-up
duration. Estimations are based
on piecewise non-linear growth
curve models, including two
time periods modelled as linear
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No Dementia 955 3,905

10,558 20,245 33,246 49,990 71,098 97,290 130,272 111,119

Estimated mean LDL at zero time-point for people with
and without dementia was 2.46 (2.44-2.48) mmol/L and
2.50 (2.49- 2.50) mmol/L, as opposed to 4.48 (4.26-4.69)
mmol/L and 4.01 (3.94-4.08) mmol/L, respectively, 19
years prior. Annual decline in mean LDL levels was steeper
by 0.38 (0.62-0.14) mmol/L per year among people with
dementia 19-18 years before zero time-point, but differ-
ences in decline did not statistically differ between the two

groups between 18 and 15 years before zero time-point and
followed a non-linear downward trend in the latter 15 years
of follow-up.

Sensitivity analyses

Sensitivity analysis including probable and possible cog-
nitive impairment cases; and the restriction of analyses
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Fig. 3 Trajectories of (A)
cholesterol, (B) high density
lipoprotein, and (C) low density
lipoprotein over 20 years of
retrospective follow-up. Year

0 (zero time point) represents
either the date of diagnosis of
dementia (dementia group) or
last contact with healthcare
(non-dementia group). Patients
were traced backwards in time,
and were allowed to enter the
cohort at any time conditional
on a diabetes diagnosis within
their retrospective follow-

up duration. Estimations are
based on non-piecewise linear
(high-density lipoprotein) or
non-linear (total cholesterol), or
piecewise non-linear (low-den-
sity lipoprotein) growth curve
models, including up to three
time periods modelled as linear
or non-linear splines, dementia
status, and interactions between
dementia status and time.
Coloured solid lines represent
point estimates for each group,
coloured dotted lines for 95%
confidence intervals for said
estimations, while modelled
time periods are indicted by
grey vertical dotted lines. Both
total cholesterol and high-
density lipoprotein considered
time as a single period from 0
to -19 (from right to left), while
three time periods ranging from
year 0 to —15, —15 to — 18,

— 18 to — 19 were defined for
low-density lipoprotein. Retro-
spective trajectories are adjusted
for baseline covariates including
age, sex, ethnicity, smoking
status, Index of Multiple Dep-
rivation quintiles, duration of
diabetes and their interactions
with time, and time-varying
covariates including insulin
prescription and number of
comorbid conditions. Tables
underneath each graph report
the number of measurements
for dementia and non-dementia
group at each stated retrospec-
tive follow-up year, where year
0 is the study baseline
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to people with > 10 years of follow-up did not consider-
ably alter findings (Supplementary Tables 11-15). Cohort
characteristics using the age- and sex- matched case-con-
trol approach were reported in Supplementary Table 16.
Findings using this approach were generally similar to the
main analyses with minor shifts in estimates (Supplemen-
tary Tables 17-19 and Fig. 6). However, the annual rate
of change in SBP mmHg/year was smaller in the earliest
period of follow-up: case-control approach: 0.27 (0.17-0.71)
mmHg versus main approach: 0.47 (0.19-0.74) mmHg (Sup-
plementary Table 17).

Discussion

In this large cohort study, we observed differences in cardio-
metabolic factors in people with type 2 diabetes in England
by dementia status over a 20-year study period. People with
type 2 diabetes who developed dementia had higher levels of
SBP, BMI, and LDL 19 years before dementia diagnosis that
decreased more steeply leading up to diagnosis, resulting in
lower levels at the time of dementia diagnosis. Conversely,
historical glycaemic measures and total cholesterol levels
remained consistently higher among people with demen-
tia, albeit with minor absolute differences, compared with
people without dementia after adjustment for several key
confounders.

Previous research assessing long-term trajectories of
cardio-metabolic factors in type 2 diabetes leading up to
dementia onset is scarce. The Hoorn study (n=64) showed
higher SBP, similar weight and lipid measures, and lower
HbA1c among people with type 2 diabetes, associated with
poor cognition during a 16-year follow-up [15]. Our study
expands upon these findings by utilising a larger sample
(hence larger statistical power), including more repeated
measurements, and ascertaining dementia using multiple
sources (vs. cognitive tests only). Importantly, our models
were adjusted for age and several key confounders which
were not considered in prior studies. Our findings were also
robust to an age-and-sex-matched case-control approach and
further adjustments for medications.

Previous trials had not reported benefits for cognition
with intensive glucose lowering [28], blood pressure and
lipid lowering [29], or individualised lifestyle interventions,
including weight loss [30, 31]. Furthermore, the ACCORD-
TIAN MIND study reported no long-term benefits for cogni-
tive function with intensive vs. standard treatments for blood
pressure, glycaemia, or lipids among people with type 2
diabetes [32]. Crucially, many previous observational stud-
ies examining modifiable diabetes-related risk factors for
dementia were cross-sectional, lacked substantive follow-
up data and had a limited range of study variables, and
generally provided conflicting results [16]. While midlife

hypertension, dyslipidaemia, and obesity have been associ-
ated with late-life dementia in the general population, the
role of these factors in influencing excess dementia risk in
people with diabetes is not well-understood [16]. Associa-
tions between hypertension and subsequent cognitive dys-
function in diabetes have been reported [15—17], but others
failed to demonstrate similar findings [18] or even found
protective effects of hypertension [19]. Prior findings for
associations between dyslipidaemia and cognitive decline
in people with diabetes were also inconsistent, with some
studies linking hypercholesterinaemia to a decreased risk of
cognitive decline [15, 16, 21]. Furthermore, epidemiological
studies suggest associations between mid-life obesity and
central adiposity and diabetes-related cognitive dysfunc-
tion, but late-life associations remain uncertain [5, 15, 20,
21]. Our findings, however, agree with several studies that
showed higher glycaemic measures associated with demen-
tia [16, 22].

There are several explanations for the overall downward
trends in blood pressure, BMI, cholesterol, and LDL. Firstly,
in line with our findings, blood pressure, weight, and cho-
lesterol have been shown to reduce with an increasing age
from mid- to late-life in the general population, with more
pronounced reductions associated with cognitive decline
[11-14, 33]. Secondly, these trends may also reflect gen-
eral improvements in medication use over time, given how
trajectories in both groups were not appreciably different,
e.g. increase in statin use. However, evolving group differ-
ences in the latter decade, i.e., lower levels of SBP, BMI,
LDL, may be attributed to reverse causation, driven by the
onset and progression of prodromal dementia. High SBP
at midlife could be due to vascular endothelial dysfunc-
tion, which may lead to cerebral hypoperfusion hypoxia
and other brain injuries, contributing to cognitive decline
preceding dementia diagnosis [34]. Accelerated decline in
BMI among people with dementia could be a manifesta-
tion of wasting, associated with reduced olfactory function,
predementia apathy, loss of initiative, difficulty in eating,
and malnutrition associated with dementia [35-37]. How-
ever, unlike findings from the general population, we found
lower levels of BMI in the group who developed dementia
throughout the 20-year follow-up. It is possible that the role
of BMI in dementia development in type 2 diabetes is less
defining than that in the general population, given how BMI
is already a predictor of type 2 diabetes. While the role of
cholesterol remains inconclusive [38], genetic factors such
as ApoE4, and established mechanisms such as atheroscle-
rosis may play a role in the development of microvascular
and macrovascular disease, a known risk factor for dementia
[19, 39]. Altogether, these proposed mechanisms lend sup-
port to our findings, and may be associated with accelerated
decline in levels of SBP, BMI, and LDL in the years leading
to dementia diagnosis.
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Consistently higher levels of glycaemic measures among
people with dementia vs. without dementia after adjustment
for several confounders (e.g. diabetes duration and time-var-
ying microvascular disease) may reflect the effects of cumu-
lative exposures [22]. Biological mechanisms which support
this include worsening insulin resistance, likely associated
with abnormalities in insulin signalling pathways affecting
systemic metabolism and cerebral insulin signalling [34],
and possibly microvascular disease, a known risk factor of
diabetes and dementia [39]. Although reported differences
were statistically significant, the absolute differences were
small. Furthermore, randomised clinical trials did not find
sufficient evidence to support the prevention or delay in
cognitive dysfunction with intensive glycaemic control over
standard treatments [9, 28]. As a result, further evidence is
needed to support interventions altering glycaemic meas-
ures among people with type 2 diabetes to prevent or delay
dementia, given small observed differences between groups.

Our findings suggest that cardiometabolic measurements
taken within a decade of dementia diagnosis are likely to
reflect reverse causation, acting as markers of dementia
development, rather than risk factors. Potential non-linear
associations, such as those observed for BMI and LDL,
should also be considered. Based on the poorer cardiometa-
bolic profile at mid-life among people with dementia, our
findings also highlight that people who develop dementia
are likely to have undergone changes in cardiometabolic lev-
els which differ from people who do not develop dementia.
It is possible that these changes are a result of cumulative
long-term exposure. Future studies which aim to investigate
causal relationships between cardiometabolic factors and
dementia should consider accounting for potential non-linear
associations, as well as the timeframe when measurements
are taken, as measurements taken later in mid-life or late life
would limit its ability to assess dementia risk.

To our knowledge, this is the first large-scale study to
characterise long-term retrospective trajectories of cardio-
metabolic factors before dementia onset in people with type
2 diabetes. Strengths include using a large type 2 diabe-
tes population-based CPRD cohort, which is broadly rep-
resentative of the English population [24], availability of
key laboratory and clinical parameters, and two decades of
follow-up.

However, several limitations need to be considered. Rou-
tinely collected data are subject to missingness and chang-
ing recording practices potentially resulting in increasing
non-representativeness over time. However, our study
includes an unselected population from the CPRD cover-
ing up to 8% of the English population, and patients who
newly met eligibility criteria during the 20-year follow-up
were included in the cohort. We were unable to assess the
extent of misclassification due to miscoding or undiagnosed
cases, as well as missed dementia cases in individuals with
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severe cognitive decline who relocated to care homes due
to incipient dementia. However, the inclusion of probable
and possible cognitive impairment cases in our study aim
to maximise case detection by identifying people who are
lost to follow-up before the recording of a clinical diagnosis.
CPRD data is also widely used for research with well-doc-
umented accuracy and completeness, and the implementa-
tion of recommended quality indicators ensures improved
selection for research-quality data [24]. Validity of dementia
codes in CPRD have also been established [25]. Dementia is
known to be under-diagnosed [40], but we implemented an
algorithm using diagnostic and administrative data, cogni-
tive functioning testing, prescriptions, hospitalisation and
mortality data to maximise case detection and subsequently
tested the robustness of our findings by incorporating prob-
able and possible cognitive impairment cases in sensitivity
analyses. Residual presence of potential misclassification
would likely underestimate group differences. Our study
design does not allow accounting for the competing risk
of dying from other causes before developing dementia.
Changes in individuals’ cardio-metabolic parameters over
time (e.g., increasing or decreasing blood pressure levels)
may affect the risk of both all-cause deaths and dementia
development [41, 42], and these associations could be mod-
erated by patient characteristics such as age. Furthermore,
our analyses did not specifically explore different patterns
of change within the dementia and non-dementia groups in
this population. However, the application of the multilevel
growth curve model with individual-specific random inter-
cept and slope allowed us to account for individual trends
and non-linear relationships. Changes in treatment guide-
lines and quality of care may have influenced underlying
trends in cardio-metabolic factors, which was likely to affect
both groups given the similar patterns of change over time.
However, we adjusted our analyses for calendar years and
time-varying medications in sensitivity analyses. Age is a
crucial confounder for dementia and the large age differ-
ences between dementia and non-dementia groups may con-
tribute to bias. However, our findings are largely robust to
a case-control sensitivity analysis, matched by age and sex.
Despite adjusting for key confounders, residual confounding
due to important confounders unavailable in routine care
data, such as diet and physical activity, as well as the pres-
ence of other unknown factors may have affected the find-
ings. Lastly, less than half of the study participants were
middle-aged (45 years to 65 years), with the mean age rang-
ing from 57 to 65 years for 19 to 10 study years, respectively.
While the study period spans over two decades, a longer ret-
rospective follow-up is needed to capture exposures before
and throughout mid-life.

In a large cohort of people with type 2 diabetes followed
up over two decades, differences in levels of modifiable
cardio-metabolic factors can be observed between people
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who developed dementia and those who did not through-
out follow-up. Although these findings do not imply causal
associations, they highlight the importance of a long follow-
up to minimise reverse causation, accounting for potential
non-linear relationships, and the timeframe when measure-
ments are taken to consider future exploration in the risk of
dementia within this high-risk population.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10654-023-00977-7.

Acknowledgements The Department of Primary Care and Public
Health at Imperial College London is grateful for support from the
NW London NIHR Applied Research Collaboration and the Imperial
NIHR Biomedical Research Centre.

Authors contribution All authors contributed to study conception and
design. EV contributed to the acquisition of the data. HL conducted the
statistical analysis. HL and MS verified the underlying data. All authors
interpreted the data. HL and EV wrote the first draft of the article. All
authors critically reviewed, edited, and approved the final manuscript.
JV, LM, AM, CM, AB, and EV obtained the funding for the study
data and analysis. KC, MS, and EV provided administrative, technical,
and material support for the study analysis. HL is the study guarantor;
had full access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. EV is
the study supervisor. The corresponding author attests that all listed
authors meet authorship criteria and that no others meeting the criteria
have been omitted. All authors had final responsibility for the decision
to submit for publication.

Funding This research was supported by Grant No: 18/0005851 from
Diabetes UK. The funders of the study had no role in study design,
data collection, analysis, interpretation, report writing, or the deci-
sion to submit for publication. The views expressed in this publication
are those of the authors and not necessarily those of the NIHR or the
Department of Health and Social Care.

Declarations

Conflicts of interest JP-S is vice Chairman of the Royal Society for
Public Health, Partner at Lane Clark & Peacock LLP and reports fees
from Novo Nordisk A/S and Pfizer Ltd outside of the submitted work.
JV is the National Clinical Director for Diabetes and Obesity at NHS
England. No other relationships or activities that could appear to have
influenced the submitted work.

Ethical approval Ethics approval for the study protocol was obtained
from the Independent Scientific Advisory Committee for Medicines
and Healthcare products Regulatory Agency under registered study
protocol number 16_252.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. International Diabetes Federation. IDF Diabetes Atlas. 9th ed.
Brussels, Belgium2019. Available from https://www.diabetesat
las.org.

2. Livingston G, Huntley J, Sommerlad A, et al. Dementia preven-
tion, intervention, and care: 2020 report of the Lancet Commis-
sion. The Lancet. 2020;396(10248):413-46. https://doi.org/10.
1016/S0140-6736(20)30367-6.

3. Chatterjee S, Peters SA, Woodward M, et al. Type 2 diabetes as a
risk factor for dementia in women compared with Men: a pooled
analysis of 2.3 million people comprising more Than 100,000
cases of Dementia. Diabetes Care. 2016;39(2):300-7. https://doi.
org/10.2337/dc15-1588.

4. Public Health England. Dementia: comorbidities in patients—
data briefing: research and analysis. Published 1 November 2019.
https://www.gov.uk/government/publications/dementia-comor
bidities-in-patients/dementia-comorbidities-in-patients-data-brief
ing. Accessed 12 July 2021.

5. Biessels GJ, Strachan MW, Visseren FL, Kappelle LJ, Whitmer
RA. Dementia and cognitive decline in type 2 diabetes and pre-
diabetic stages: towards targeted interventions. Lancet Diabetes
Endocrinol. 2014;2(3):246-55. https://doi.org/10.1016/s2213-
8587(13)70088-3.

6. Srikanth V, Sinclair AJ, Hill-Briggs F, Moran C, Biessels GJ.
Type 2 diabetes and cognitive dysfunction—towards effective
management of both comorbidities. The Lancet Diabetes and
Endocrinology. 2020;8(6):535-45. https://doi.org/10.1016/S2213-
8587(20)30118-2.

7. Arnold SE, Arvanitakis Z, Macauley-Rambach SL, et al. Brain
insulin resistance in type 2 diabetes and Alzheimer disease: con-
cepts and conundrums. Nat Rev Neurol. 2018;14(3):168-81.
https://doi.org/10.1038/nrneurol.2017.185.

8. Geijselaers SLC, Sep SIS, Stehouwer CDA, Biessels GJ. Glucose
regulation, cognition, and brain MRI in type 2 diabetes: a system-
atic review. Lancet Diabetes Endocrinol. 2015;3(1):75-89. https:/
doi.org/10.1016/s2213-8587(14)70148-2.

9. Areosa Sastre A, Vernooij RW, Gonzélez-Colago Harmand M,
Martinez G. Effect of the treatment of type 2 diabetes mellitus on
the development of cognitive impairment and dementia. Cochrane
Database Syst Rev. 2017;6(6):Cd003804. https://doi.org/10.1002/
14651858.CD003804.pub2.

10. Kloppenborg RP, van den Berg E, Kappelle LJ, Biessels GJ.
Diabetes and other vascular risk factors for dementia: which
factor matters most? A systematic review. Eur J Pharmacol.
2008;585(1):97-108. https://doi.org/10.1016/j.ejphar.2008.02.
049.

11. Wagner M, Helmer C, Tzourio C, Berr C, Proust-Lima C, Samieri
C. Evaluation of the concurrent trajectories of cardiometabolic
risk factors in the 14 years before dementia. JAMA Psychiatry.
2018;75(10):1033—42. https://doi.org/10.1001/jamapsychiatry.
2018.2004.

12. Perera G, Rijnbeek PR, Alexander M, et al. Vascular and meta-
bolic risk factor differences prior to dementia diagnosis: a multi-
database case-control study using european electronic health
records. BMJ Open. 2020;10(11). https://doi.org/10.1136/bmjop
en-2020-038753.

13. Singh-Manoux A, Dugravot A, Shipley M, et al. Obesity trajecto-
ries and risk of dementia: 28 years of follow-up in the Whitehall

@ Springer


https://doi.org/10.1007/s10654-023-00977-7
http://creativecommons.org/licenses/by/4.0/
https://www.diabetesatlas.org
https://www.diabetesatlas.org
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.2337/dc15-1588
https://doi.org/10.2337/dc15-1588
https://www.gov.uk/government/publications/dementia-comorbidities-in-patients/dementia-comorbidities-in-patients-data-briefing
https://www.gov.uk/government/publications/dementia-comorbidities-in-patients/dementia-comorbidities-in-patients-data-briefing
https://www.gov.uk/government/publications/dementia-comorbidities-in-patients/dementia-comorbidities-in-patients-data-briefing
https://doi.org/10.1016/s2213-8587(13)70088-3
https://doi.org/10.1016/s2213-8587(13)70088-3
https://doi.org/10.1016/S2213-8587(20)30118-2
https://doi.org/10.1016/S2213-8587(20)30118-2
https://doi.org/10.1038/nrneurol.2017.185
https://doi.org/10.1016/s2213-8587(14)70148-2
https://doi.org/10.1016/s2213-8587(14)70148-2
https://doi.org/10.1002/14651858.CD003804.pub2
https://doi.org/10.1002/14651858.CD003804.pub2
https://doi.org/10.1016/j.ejphar.2008.02.049
https://doi.org/10.1016/j.ejphar.2008.02.049
https://doi.org/10.1001/jamapsychiatry.2018.2004
https://doi.org/10.1001/jamapsychiatry.2018.2004
https://doi.org/10.1136/bmjopen-2020-038753
https://doi.org/10.1136/bmjopen-2020-038753

744

H.T.M. Lai et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

II study. Alzheimer’s &. Dementia. 2018;14(2):178-86. https://
doi.org/10.1016/j.jalz.2017.06.2637.

Stewart R, White LR, Xue Q-L, Launer LJ. Twenty-six—year
change in total cholesterol levels and Incident Dementia: the
Honolulu-Asia Aging Study. Arch Neurol. 2007;64(1):103-7.
https://doi.org/10.1001/archneur.64.1.103.

van den Berg E, Dekker JM, Nijpels G, et al. Blood pressure levels
in pre-diabetic stages are associated with worse cognitive func-
tioning in patients with type 2 diabetes. Diabetes Metab Res Rev.
2009;25(7):657-64. https://doi.org/10.1002/dmrr.1009.

Feinkohl I, Price JF, Strachan MW, Frier BM. The impact of dia-
betes on cognitive decline: potential vascular, metabolic, and psy-
chosocial risk factors. Alzheimers Res Ther. 2015;7(1):46. https:/
doi.org/10.1186/s13195-015-0130-5.

Umegaki H, limuro S, Shinozaki T, et al. Risk factors associated
with cognitive decline in the elderly with type 2 diabetes: baseline
data analysis of the japanese Elderly diabetes intervention trial.
Geriatr Gerontol Int. 2012;12(Suppl 1):103-9. https://doi.org/10.
1111/5.1447-0594.2011.00817 .x.

Fan Y-C, Hsu J-L, Tung H-Y, Chou C-C, Bai C-H. Increased
dementia risk predominantly in diabetes mellitus rather than
in hypertension or hyperlipidemia: a population-based cohort
study. Alzheimers Res Ther. 2017;9(1):7. https://doi.org/10.1186/
$13195-017-0236-z.

Haroon NN, Austin PC, Shah BR, Wu J, Gill SS, Booth GL. Risk
of dementia in seniors with newly diagnosed diabetes: a Popula-
tion-Based study. Diabetes Care. 2015;38(10):1868-75. https://
doi.org/10.2337/dc15-0491.

Bruce DG, Davis WA, Casey GP, et al. Predictors of cogni-
tive decline in older individuals with diabetes. Diabetes Care.
2008;31(11):2103-7. https://doi.org/10.2337/dc08-0562.

Bruce DG, Davis WA, Casey GP, et al. Predictors of cogni-
tive impairment and dementia in older people with diabe-
tes. Diabetologia. 2008;51(2):241-8. https://doi.org/10.1007/
s00125-007-0894-7.

Zheng B, Su B, Price G, Tzoulaki I, Ahmadi-Abhari S, Middleton
L, 2021 Glycemic, Control, Diabetic Complications, and risk of
dementia in patients with diabetes: results from a large UK Cohort
Study. Diabetes Care. https://doi.org/10.2337/dc20-2850.
Clinical Practice Research Datalink (CPRD). Welcome to clini-
cal practice research datalink. Available at https://www.cprd.com
(Last accessed 23 Nov 2018).

Herrett E, Gallagher AM, Bhaskaran K, et al. Data Resource Pro-
file: clinical Practice Research Datalink (CPRD). Int J Epidemiol.
2015;44(3):827-36. https://doi.org/10.1093/ije/dyv098.

Brown A, Kirichek O, Balkwill A, et al. Comparison of dementia
recorded in routinely collected hospital admission data in England
with dementia recorded in primary care. Emerg Themes Epide-
miol. 2016;13(1):11. https://doi.org/10.1186/s12982-016-0053-z.
House of Commons. In: Commons, Ho, editors. Management of
adult diabetes services in the NHS: progress review. London: The
Stationary Office Limited; 2016.

United Kingdom Ministry of Housing CLG. National statistics:
English indices of deprivation 2015. https://www.gov.uk/gover
nment/statistics/english-indices-of-deprivation-2015. Accessed
03 Feb 2022.

Launer LJ, Miller ME, Williamson JD, et al. Effects of intensive
glucose lowering on brain structure and function in people with
type 2 diabetes (ACCORD MIND): a randomised open-label
substudy. Lancet Neurol. 2011;10(11):969-77. https://doi.org/
10.1016/s1474-4422(11)70188-0.

Williamson JD, Launer LJ, Bryan RN, et al. Cognitive function
and brain structure in persons with type 2 diabetes mellitus after

@ Springer

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

intensive lowering of blood pressure and lipid levels: a rand-
omized clinical trial. JAMA Intern Med. 2014;174(3):324-33.
https://doi.org/10.1001/jamainternmed.2013.13656.

Luchsinger JA, Lehtisalo J, Lindstrom J, et al. Cognition in
the finnish diabetes Prevention Study. Diabetes Res Clin Pract.
2015;108(3):e63—e6. https://doi.org/10.1016/j.diabres.2015.02.
023.

Rapp SR, Luchsinger JA, Baker LD, et al. Effect of a long-term
intensive lifestyle intervention on cognitive function: action for
Health in Diabetes Study. ] Am Geriatr Soc. 2017;65(5):966-72.
https://doi.org/10.1111/jgs.14692.

Murray AM, Hsu FC, Williamson JD, et al. ACCORDION MIND:
results of the observational extension of the ACCORD MIND
randomised trial. Diabetologia. 2017;60(1):69-80. https://doi.org/
10.1007/s00125-016-4118-x.

Joas E, Backman K, Gustafson D, et al. Blood pressure trajectories
from midlife to late life in relation to dementia in women followed
for 37 years. Hypertension. 2012;59(4):796-801. https://doi.org/
10.1161/HYPERTENSIONAHA.111.182204.

Biessels GJ, Despa F. Cognitive decline and dementia in diabe-
tes mellitus: mechanisms and clinical implications. Nat Reviews
Endocrinol. 2018;14(10):591-604. https://doi.org/10.1038/
s41574-018-0048-7.

Stewart R, Masaki K, Xue Q-L, et al. A 32-Year prospective study
of change in Body Weight and Incident Dementia: the Honolulu-
Asia Aging Study. Arch Neurol. 2005;62(1):55-60. https://doi.
org/10.1001/archneur.62.1.55.

Knopman DS, Edland SD, Cha RH, Petersen RC, Rocca WA.
Incident dementia in women is preceded by weight loss by at least
a decade. Neurology. 2007;69(8):739—-46. https://doi.org/10.1212/
01.wnl.0000267661.65586.33.

Murphy C. Olfactory and other sensory impairments in Alzheimer
disease. Nat Reviews Neurol. 2019;15(1):11-24. https://doi.org/
10.1038/541582-018-0097-5.

McFarlane O, Kegdziora-Kornatowska K. Cholesterol and
dementia: a long and complicated relationship. Curr Aging Sci.
2020;13(1):42-51. https://doi.org/10.2174/187460981266619
0917155400.

Exalto LG, Biessels GJ, Karter AJ, et al. Risk score for predic-
tion of 10 year dementia risk in individuals with type 2 dia-
betes: a cohort study. The lancet. Diabetes & endocrinology.
2013;1(3):183-90. https://doi.org/10.1016/S2213-8587(13)
70048-2.

Connolly A, Gaehl E, Martin H, Morris J, Purandare N. Under-
diagnosis of dementia in primary care: variations in the observed
prevalence and comparisons to the expected prevalence. Aging
Ment Health. 2011;15(8):978-84. https://doi.org/10.1080/13607
863.2011.596805.

Lee CJ, Lee J-Y, Han K, et al. Blood pressure levels and risks of
dementia: a nationwide study of 4.5 million people. Hyperten-
sion. 2022;79(1):218-29. https://doi.org/10.1161/HYPERTENSI
ONAHA.121.17283.

Abdelhafiz AH, Loo BE, Hensey N, Bailey C, Sinclair A. The
U-shaped relationship of Traditional Cardiovascular Risk factors
and adverse outcomes in later life. Aging Dis. 2012;3(6):454—64.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.jalz.2017.06.2637
https://doi.org/10.1016/j.jalz.2017.06.2637
https://doi.org/10.1001/archneur.64.1.103
https://doi.org/10.1002/dmrr.1009
https://doi.org/10.1186/s13195-015-0130-5
https://doi.org/10.1186/s13195-015-0130-5
https://doi.org/10.1111/j.1447-0594.2011.00817.x
https://doi.org/10.1111/j.1447-0594.2011.00817.x
https://doi.org/10.1186/s13195-017-0236-z
https://doi.org/10.1186/s13195-017-0236-z
https://doi.org/10.2337/dc15-0491
https://doi.org/10.2337/dc15-0491
https://doi.org/10.2337/dc08-0562
https://doi.org/10.1007/s00125-007-0894-7
https://doi.org/10.1007/s00125-007-0894-7
https://doi.org/10.2337/dc20-2850
https://www.cprd.com
https://doi.org/10.1093/ije/dyv098
https://doi.org/10.1186/s12982-016-0053-z
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2015
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2015
https://doi.org/10.1016/s1474-4422(11)70188-0
https://doi.org/10.1016/s1474-4422(11)70188-0
https://doi.org/10.1001/jamainternmed.2013.13656
https://doi.org/10.1016/j.diabres.2015.02.023
https://doi.org/10.1016/j.diabres.2015.02.023
https://doi.org/10.1111/jgs.14692
https://doi.org/10.1007/s00125-016-4118-x
https://doi.org/10.1007/s00125-016-4118-x
https://doi.org/10.1161/HYPERTENSIONAHA.111.182204
https://doi.org/10.1161/HYPERTENSIONAHA.111.182204
https://doi.org/10.1038/s41574-018-0048-7
https://doi.org/10.1038/s41574-018-0048-7
https://doi.org/10.1001/archneur.62.1.55
https://doi.org/10.1001/archneur.62.1.55
https://doi.org/10.1212/01.wnl.0000267661.65586.33
https://doi.org/10.1212/01.wnl.0000267661.65586.33
https://doi.org/10.1038/s41582-018-0097-5
https://doi.org/10.1038/s41582-018-0097-5
https://doi.org/10.2174/1874609812666190917155400
https://doi.org/10.2174/1874609812666190917155400
https://doi.org/10.1016/S2213-8587(13)70048-2
https://doi.org/10.1016/S2213-8587(13)70048-2
https://doi.org/10.1080/13607863.2011.596805
https://doi.org/10.1080/13607863.2011.596805
https://doi.org/10.1161/HYPERTENSIONAHA.121.17283
https://doi.org/10.1161/HYPERTENSIONAHA.121.17283

	Twenty-year trajectories of cardio-metabolic factors among people with type 2 diabetes by dementia status in England: a retrospective cohort study
	Abstract
	Introduction
	Methods
	Study design and population
	Type 2 diabetes ascertainment
	Dementia ascertainment
	Final analytical population
	Cardio-metabolic measurements
	Other covariates
	Statistical analysis

	Results
	Cohort characteristics
	Blood pressure levels and body mass index
	Glucose and HbA1c
	Lipids
	Sensitivity analyses

	Discussion
	Acknowledgements 
	References




