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Abstract

Background Meta-analyses of observational studies on the effect of dairy on cognitive function have yielded
inconclusive results, potentially due to unmeasured confounding. To avoid the no-unmeasured confounding
assumption, we used lactase persistence genetic variant as an instrumental variable, for which the CC genotype is
associated with lower lactase production and, consequently, lower dairy consumption. We used it to assess the effect
of long-term consumption of total and non-fermented dairy on cognitive function.

Methods We included 43,836 individuals over 55 years old with genotyping, dietary data, and cognitive function
measurements from three population-based studies: CoLaus|PsyColaus (Switzerland), the Rotterdam Study

(the Netherlands) and the Canadian Longitudinal Study on Aging (CLSA - Canada). We performed a one-sample
Mendelian randomization using two-stage least-squares regression. First, we estimated total and non-fermented dairy
consumption by T-allele frequency. Second, we used the estimated dairy consumption in linear regression models on
general cognition, assessed by the Mini-Mental State Examination (MMSE) and the Mental Alternation Test, executive
function, verbal fluency, verbal learning, and memory.

Results PerT-allele, total dairy intake and non-fermented was 24.8 and 15.3 g/day higher in PsyColaus, 57.9 and

49.8 g/day in the Rotterdam Study, and 0.31 and 0.29 times/day in CLSA, respectively. We found no association
between the genetically predicted difference and the MMSE in PsyCol .aus and the Rotterdam Study. However, lactase
persistent individuals scored 3.4 (95% Cl 2.1— 4.7) and 3.5 (95% Cl 2.3-4.7) points more in the Mental Alternation

Test for total and fermented dairy, respectively, in CLSA. Similarly, lactase persistent participants in CLSA had higher
verbal fluency, verbal learning and executive function, but no differences were found in the other cohorts. Such
inconsistencies might stem from different FFQs across cohorts and consumption ranges. Nonetheless, the generally
small magnitude of effect sizes may suggest that there is no real effect between total or non-fermented dairy intake
and cognitive function.
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Conclusion The evidence for a causal effect of dairy consumption on general cognitive function is weak, consistent
with previous results from classic analysis from observational studies. Interventions targeting dairy are unlikely to have

a relevant effect on cognitive function.

Keywords Lactase persistence, Dairy, Cognitive function, Mendelian randomization, CLSA

Introduction

The increasing number of people living with demen-
tia, combined with the absence of medications that can
reverse its progression [1, 2], set prevention strategies
in the center. Addressing modifiable factors that could
increase the risk of cognitive decline, such as obesity or
diabetes, could be key for reducing the prevalence of cog-
nitive impairment [3]. However, it is unclear whether tar-
geting nutritional aspects at the population level could be
beneficial.

Dairy consumption is recommended in many countries
[4] due to its rich composition of micro- and macronu-
trients. Several studies have explored the relationship
between dairy consumption and the risk of cognitive
decline and dementia, hypothesizing that components
like short and medium chain fatty acids, vitamins A, B
complex and C, calcium and magnesium could contrib-
ute to reduce the cardiovascular risk regulating blood
pressure and decreasing the risk of vascular dementia,
and decrease inflammation which has been linked to
lower cognitive function [5]. Among the three available
meta-analyses, one found that higher average milk con-
sumption was associated with lower risk of Alzheimer’s
disease and cognitive disorders [6]. The other two con-
cluded that the existing evidence does not support that
dairy intake could prevent cognitive decline [7, 8]. The
observational studies included in these meta-analyses, in
the absence of experimental studies, were heterogeneous
in their dietary and cognitive assessment methods, at
high risk of residual confounding, selection and measure-
ment bias, and reverse causation in cross-sectional stud-
ies. Additionally, the generalizability remains a concern
as different regions of the world have different levels of
dairy intake [6—8].

Triangulating the evidence from observational stud-
ies on the relationship between total and non-fermented
dairy, mainly milk, and cognitive functioning in differ-
ent populations using LCT-13,910 C/T genetic variant
(rs4988235) as an instrumental variable is an alternative
approach subject to different identification assumptions.
LCT-13,910 C/T is the mutation that determines the
ability of producing lactase, the enzyme digesting lac-
tose in adults with European ancestry. Inheriting the CC
genotype (C_ 39,9 homozygotes) leads to lower lactase
enzyme activity (lactase non-persistence). In Europe, CC
genotypes range from 10% prevalence in Nordic coun-
tries, to 70% in Italy or Turkey [9]. In the US and Canada,
around 50% of the population carries the CC genotype

[10]. Previous studies confirmed higher milk consump-
tion among lactase persistent individuals (TC and TT
genotypes) compared to lactase non-persistent individu-
als (CC genotype) [11, 12]. The use of randomly inherited
genetic variants (also known as Mendelian randomiza-
tion studies) as instrumental variables for specific expo-
sures, when the identifiability assumptions hold, yield
causal effect estimates [13]. Three Mendelian randomiza-
tion studies investigated potential neurological effects of
milk consumption and concluded that higher intake was
associated with a lower risk for Alzheimer’s disease and
Multiple Sclerosis, and a higher risk of Parkinson’s dis-
ease [14—16], but none investigated the effect of non-fer-
mented dairy, on cognitive function measures.

Here, we hypothesized that the effect found between
dairy and cognitive function in observational studies may
be due to residual confounding. Therefore, we aimed to
determine the long-term effect of non-fermented dairy
products intake on cognitive function among older
adults, using lactase persistence as an instrument to tri-
angulate the results previously reported in meta-analyses
of observational studies.

Methods

Study design and population

Our target population was healthy adults aged 55 years
and older. To represent this population, we selected three
population-based cohorts from different geographic
regions- CoLaus|PsyCoLaus (PsyCoLaus) in Switzerland
[17], the Rotterdam Study (RS) in the Netherlands [18],
and the Canadian Longitudinal Study on Aging (CLSA)
in Canada [19]- over 55, who were cognitively healthy,
who had information on socioeconomic and clinical
characteristics and dairy intake, who underwent a cog-
nitive function assessment, and provided blood samples
that were genotyped. A summary of the recruitment
strategies, participation rates, inclusion dates and follow-
ups is provided in Supplementary Table 1.

Participants from the three cohorts signed an informed
consent and a further use of the data form to allow the
use of the data for other purposes other than those ini-
tially proposed. The local ethics committees issued
ethics approvals for each study and the Cantonal Eth-
ics Committee for research in Bern under the number
2022 -01976.
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Measurement of non-fermented dairy intake

Total and non-fermented dairy intakes were assessed
with food frequency questionnaires (FFQs) in the three
cohorts. PsyCoLaus and RS used a semi-quantitative
97-item [20, 21], and 389-item [22, 23], respetively,
and CLSA a 36-item non-quantitative FFQ [24]. For
each food item, participants in PsyCoLaus and RS self-
reported the average frequency of consumption based
on a common unit or portion size (e.g., 200 mL/d of milk
in PsyCoLaus). In RS, participants reported their aver-
age intake in the previous year, while in PsyCoLaus, they
reported their average intake over the past four weeks.
CLSA reported number of times per day consumption
without further specification of the number of portions,
servings or total amount per time. Total dairy included
all dairy products reported. Non-fermented dairy prod-
ucts included milk (skimmed, semi-skimmed, full fat),
cream and butter which were modeled as a continuous
variable in grams per day (g/d) in PsyCoLaus and RS, and
in times/d in CLSA.

Genetic instrument

We defined as non-lactase persistent participants with
the CC genotype and as lactase persistent the CT and TT
genotypes. We considered a p-value of the Chi-square test
for the Hardy-Weinberg equilibrium (HWE) to be signifi-
cant<0.05 given the medium sample sizes from the indi-
vidual studies. In PsyCoLaus, nuclear DNA was extracted
from the whole blood for whole genome scan analysis.
The genotyping was performed using Affymetrix Axiom
Array 500 K SNP chip. The LCT-13,910 frequencies did
not follow a HWE in PsyCoLaus (p-value=2.8x107°).
Allele A frequency was 0.85. In RS, the genetic data were
imputed using MACH with HapMap Release 22 CEU
build 36 as a reference panel with an imputation quality
score of 92% [25]. Allele A frequency was 0.69. The geno-
type distribution of the LCT-13,910 C polymorphism did
not follow HWE because fewer heterozygotes were pres-
ent than expected (p-value=0.0001). The RS also tested
the genomic inflation factor (1.013) for body height
which was unlikely to reflect important population strati-
fication [26]. In CLSA, genotyping was performed using
the Affymetrix Axiom Array 794 K SNP chip. Imputation
was conducted using the TOPMed reference panel at the
University of Michigan Imputation Service reporting an
Imputation Quality Score over 82% (https://www.clsa-e
lcv.ca/doc/2748) [27]. The ApoE variant (rs429358) was
used in sensitivity analyses and did follow the HWE in
PsyCoLaus (r? 0.75, HWE p-value=0.19) and CLSA (r?
NA, HWE p-value >0.05).

Lactase persistence variant (rs4988235) can be con-
sidered an instrument if (1) it is causally associated with
total and non-fermented dairy consumption (relevance),
(2) it is independent from the confounders affecting
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non-fermented dairy consumption and cognitive decline
(marginal exchangeability) and (3) it is potentially caus-
ing cognitive decline only through non-fermented dairy
consumption (exclusion-restriction) [28]. To test rel-
evance (assumption 1), we regressed lactase persistence
and total and non-fermented dairy consumption and
used the E-statistic (> 10), Wu-Hausman and r? [29]. Fer-
mented dairy did not fulfill the relevance assumption and
therefore we did not conduct the analyses (Supplemen-
tary File 4). We also ruled out that it was a rare variant
(minor allele frequency<5%) as rare variants are more
prone to false-positive results. Moreover, we chose this
variant because its causal effect on milk consumption
has been well described [11, 12]. For exchangeability
(assumption 2), we heavily rely on the random inheri-
tance of the genetic variants. However, we adjusted our
two-stage models for sex, age, body mass index and
height (as a proxy for population stratification) to avoid
any shared common causes between the lactase persis-
tence and non-fermented dairy intake. Adjustment for
height and BMI can account for violations of the inde-
pendence assumption as it has been shown in previous
studies that its relationship with health outcomes is due
to dynastic effects, assortative mating and population
stratification [30]. Lastly, we were unable to directly test
the exclusion restriction (assumption 3), although there
is no existing evidence to suggest that the genetic variant
used has a direct effect on cognition.

Besides the three assumptions on valid instruments,
instrumental variable estimands also rely on a fourth
assumption based on the hypothesized exposure-out-
come relationship. Under linearity and homogeneity
assumptions, we could compute the Average Causal
Effect. However, this assumes that the effect of non-fer-
mented dairy on cognition is constant across individuals
within the levels of baseline covariates. Because this is
a strong and implausible assumption to make, we com-
puted the Complier Average Causal Effect (CACE) that
is the causal effect for participants who would consume
non-fermented dairy if lactase persistent and would not
if lactase non-persistent, and those who would never
consume non-fermented dairy if lactase non-persistent
or lactase persistent or would always eat non-fermented
dairy if lactase non-persistent or lactase persistent. We
assumed that there were no defiers (participants who
would consume non-fermented dairy if lactase non-per-
sistent and would not if lactase persistent). We think that
this assumption, known as monotonicity, is more plau-
sible [31].

Cognitive function assessment

Our primary outcome was general cognition, assessed
with the MMSE in PsyCoLaus and RS and with the Men-
tal Alternation Test (MAT) in CLSA [32]. The MMSE
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involves spoken replies to evaluate orientation, memory
and attention, the capacity to name objects, follow writ-
ten or verbal instructions, spontaneously write a sen-
tence or recreate a geometric Fig. (33). We considered a
1-point difference in the MMSE as the lower bound for a
minimally clinically relevant effect for this measure [34,
35]. The MAT consists of an alternating series of num-
bers and letters and demands timed performance and
category-switching assessing executive function. It is
used as a screening tool to detect cognitive impairment
[36], and therefore we defined it as representing general
cognition, for which we could not find studies defining
clinically relevant changes in the score.

Our secondary outcomes assessed four domains of
cognition: processing speed and executive function, ver-
bal learning, episodic memory, and verbal fluency. Exec-
utive function and processing speed were assessed with
the Stroop test [37—-39]. The Stroop Color test sets a clin-
ically relevant difference of 5.5 points (seconds) among
a healthy population at baseline [35]. CLSA and RS
measured verbal learning with the Rey Auditory Verbal
Learning Test [40]. Episodic memory was assessed with
the Free and Cued Selective Reminding Test [41] in Psy-
CoLaus and the Prospective Memory Task [42] in CLSA.
No studies have assessed clinically significant differences
for either memory tests or verbal learning. Verbal fluency
was assessed with the animal naming test [43] in all three
cohorts and we considered a minimally relevant clinical
difference at 2.9 points [35]. All of them were coded as
continuous outcomes. We summarized tests’ features in
Supplementary Table 2.

Statistical analysis

We conducted a one sample Mendelian randomization
because genetic variants, exposures, and outcomes were
measured in the same individuals. The one-sample set-
ting allows for comparison with covariate-adjusted stud-
ies and for unbalanced covariate adjustment. The analytic
population consisted of participants who fulfilled the
selection criteria: over 55 years old and having informa-
tion on the genetic variant of interest, dietary assess-
ment, and healthy baseline cognition (not diagnosed with
dementia and a MMSE > 26).

We performed three separate analyses in the three
cohorts using two-stage least-squares regression. In
the first stage, the continuous exposure (total and non-
fermented dairy intake) was regressed on the continu-
ous probabilities of the genetic variant and the relevant
covariates (age at baseline — continuous), sex, height
(continuous) and body mass index (BMI) (continuous).
We included height to prevent population stratification
and BMI to potentially avoid dynastic effects [30]. In the
second stage, cognitive function test scores were then
regressed on the predicted values of the exposure from
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the first regression and the same covariates. We com-
puted robust confidence intervals.

We performed a series of sensitivity analyses to check
how robust are the results to our modelling assump-
tions. First, we compared two-stage least-squares method
with the ratio method [44]. In a one-sample setting with
individual-level data, a causal effect estimate can also
be obtained using the ratio or Wald method [45]. Sec-
ond, we considered the ApoE variant (rs429358) as a
positive control exposure - an invalid instrument for
non-fermented dairy and cognition because it is known
to have a causal effect on cognition but not on non-
fermented dairy intake. If it was found to be associated
with non-fermented dairy intake but not associated with
lower cognitive function, it would indicate violation of
instrumental variable assumptions through pleiotropy
or population stratification. Third, we excluded butter
from the non-fermented dairy products as they make
the group more heterogeneous. Fourth, we excluded
BMI as a confounder, as it may act as a mediator in the
pathway between dairy consumption and cognitive func-
tion, potentially distorting the targeted total causal effect.
Fifth, we adjusted for the first four principal components
in PsyCoLaus to check if our results are robust for pleiot-
ropy and population stratification.

This manuscript was developed according to version 3
of the Guidelines for performing MR investigations [46],
STROBE-nut and STROBE-MR reporting guidelines
[47]. The analyses were performed using R version 4.3.3
and the package ivreg [48]. We provide these checklists in
Supplementary File 1 and sample code and pooled results
in Supplementary File 2.

Results

We included 43,836 participants in our analysis with an
average follow-up of 5.2 years. Individual characteristics
from the three cohorts stratified by lactase persistence
status are presented in Table 1. The proportion of female
participants ranged from 51.2% in CLSA to 57.9% in RS.
The mean age was 68.5, 65.9 and 62.9 years, in PsyCo-
Laus, RS and CLSA, respectively. Compared to the other
cohorts, participants in PsyCoLaus achieved the lowest
education, had the highest proportion of cardiovascu-
lar events (20.4%), and the lowest proportion of obesity
(20.1%). RS had the highest proportion of current smok-
ers (17.9%) and overweight individuals (46.5%). In CLSA,
there were more men than in the other cohorts, highly
educated (53%) and never smokers (47.4%) (Supplemen-
tary Table 3). 21% of participants in PsyCoLaus were lac-
tase non-persistent, 8% in RS and 18% in CLSA. Unlike
all other characteristics, BMI was unbalanced in Psy-
CoLaus and RS. The proportion of non-lactase persis-
tent participants with obesity was higher than in lactase
persistent participants, and the proportion of lactase
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Table 1 Baseline characteristics of the study population by cohort and exposure status

PsyColLaus Rotterdam Study CLSA

NLP (n=327) LP(n=1238) SMD NLP(n=694) LP(n=7688) SMD NLP(n=4520) LP(n=21186) SMD

Sex (Male) (%) 157 (48.0) 507 (41.0) 0.142 284 (40.9) 3243 (42.2) 0.026  2339(51.7) 10475 (494) 0046

Age (%) 0.041 0.139 0.041
Below 70 201 (61.5) 747 (60.3) 183 (55.3) 2293 (59.8) 3365 (74.4) 15,386 (72.6)
Between 70 and <75 70 (21.4) 286 (23.1) 107 (32.3) 1001 (26.1) 427 (94) 2136 (10.1)

75 or above 56 (17.1) 205 (16.6) 41(124) 543 (14.2) 728 (16.1) 3664 (17.3)

Education (%) 0.144 0.025 0.045
Basic 210 (64.2) 871 (704) 388 (56.1) 4353 (56.9) 312(8.1) 1574 (8.8)

Secondary 56 (17.1) 195 (15.8) 201 (29.0) 2135(27.9) 5(36.8) 6901 (38.4)
Higher 61(18.7) 72 (13.9) 103 (14.9) 1158 (15.1) 2116 (55.1) 9496 (52.8)

BMI categories (%) 0.111 0.111 0.061
Normal (BMI < 25) 115(35.8) 479 (39.1) 118 (24.8) 1565 (29.8) 1407 (31.3) 6301 (29.8)
Overweight (BMI 25-29.9) 59 (184) 252 (20.6) 234 (49.3) 2435 (46.3) 1886 (41.9) 8577 (40.6)

Obese (BMI>30) 147 (45.8) 494 (40.3) 123 (25.9) 1260 (24.0) 1206 (26.8) 6241 (29.6)

Smoking (%) 0.064 0.042 0.052
Current 48 (14.7) 181 (14.7) 74(18.6) 768 (17.3) 398 (8.8) 1882 (8.9)

Former 135(41.4) 548 (44.4) 200 (504) 2228 (50.2) 1882 (41.6) 9341 (44.1)
Never 143 (43.9) 505 (40.9) 123 (31.0) 1446 (32.6) 2240 (49.6) 9963 (47.0)

CV event* (%) 76 (23.2) 242 (19.6) 0.089 12(1.7) 156 (2.0) 0.022 523(11.6) 2561 (12.1) 0.016

Hypertension (%) 223 (68.2) 833 (67.4) 0.017 267 (704) 3032 (704)  0.001 1639 (36.3) 7803 (36.9) 0.011

Diabetes (%) 42(12.8) 144 (11.6) 0.037 96(17.2) 1192 (19.5) 0.061 833(185) 3653 (17.3) 0.032

Physical Activity (%) 0.055 0.083 0.007
Low 130 (45.3) 493 (45.7) 123 (374) 1270 (33.7) 1450 (33.6) 6762 (33.2)

Medium 96 (334) 379 (35.1) 106 (32.2) 1239 (32.9) 1420 (32.9) 6734 (33.1)
High 61(21.3) 207 (19.2) 100 (30.4) 1261 (33.4) 1449 (33.5) 6843 (33.6)
Baseline MMSE/MAT (mean (SD)) 293 (1.2) 294 (1.1) 0.039 27.7(24) 27.8(2.2) 0.047 25.7(8.8) 269 (8.7) 0.129

NLP: Non-lactase persistent (CC); LP: Lactase persistent (CT/TT); CLSA: Canadian Longitudinal Study on Aging; CV: Cardiovascular; MMSE: Mini-Mental State
Examination; MAT: Mental Alternation Test; SMD: Standardized mean difference. *In PsyCoLaus and CLSA includes self-reported cardiomyopathy, congenital heart
disease, valvular heart disease, heart failure, coronary artery disease, angina, myocardial infarction, stroke, percutaneous coronary intervention, coronary artery

bypass graft or pacing. In Rotterdam Study includes stroke events

Table 2 Mean non-fermented dairy intake (grams/day) and mean differences per cohort by lactase persistence genotype

Dairy type NLP (SE) LP (SE) Difference (95% ClI)
Colaus|PsyCoLaus Total 229.7 (104) 2545(11.7) 24.8(1.8-47.7)
Non-fermented 715(6.1) 86.8 (3.1) 3(1.8-83.5)
Rotterdam Study Total 280.2 (13. 9) 338.1 (14.5) 57.9(29.6-86.3)
Non-fermented 1472 (11.8) 197.0(3.5) 49.8 (22.9-69.5)
CLSA* Total 2.6 (0. 02) 9(0.02) 0.31 (0.26-0.36)**
Non-fermented 14(0.02) .7(0.01) 0.29 (0.25-0.32)**

*times/d, once/d corresponding to 250 g/d of milk ** Approximately corresponding to 73 g/d - CLSA performed s qualitative FFQ. NLP: Non-lactase persistent (CC
genotype); LP: Lactase persistent (CT/TT genotypes). CLSA: Canadian Longitudinal Study on Aging, SE: Standard Error.

persistent participants with a normal weight was higher
than among non-lactase persistent.

Non-lactase persistent participants (CC-genotype) had
lower average total and non-fermented dairy consump-
tion compared to lactase persistent individuals in all
three cohorts (Table 2). Total dairy intake was 24.8 g/d
(95% CI 1.8—47.7) higher in PsyCoLaus, 57.9 g/d (95% CI
29.6-86.3) higher in RS, and 0.31 times/d (95% CI 0.26—
0.36) higher in CLSA. Non-fermented dairy intake was
15.3 g/d (95% CI 1.8—83.5) higher in PsyCoLaus, 49.8 g/d
(95% CI 22.9-69.5) higher in RS and 0.29 times/d (95%
CI 0.25-0.32) higher in CLSA. We observed high

instrument strength in CLSA and moderate strength in
PsyCoLaus and RS for non-fermented dairy, and high
instrument strength in CLSA, moderate strength in RS
and low strength in PsyCoLaus for total dairy (Supple-
mentary Table 4).

The mean difference in MMSE per 50 g/d higher total
and non-fermented dairy consumption was 0.18 (95% CI
-0.65 to 1.0) and 0.17 (95% CI -0.60 to 0.95) in PsyCo-
Laus, and -0.20 (95% CI -0.56 to 0.17) and - 0.28 (95%
CI -0.83 to 0.26) in RS, respectively. The MAT was 3.38
(95% CI 2.11 to 4.65) higher for total and 3.50 (95% CI
2.26 to 4.73) higher for non-fermented dairy among
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Table 3 Mean differences in scores (95% Cl) for global cognitive function and four cognitive domains per 50 g/day intake difference in

the three cohorts

Dairy type Colaus|PsyColLaus Rotterdam Study CLSA
(n=1565) (n=8382) (n=29046)

MMSE/MAT Total 0.18 (-0.65 to 1.00) -0.20 (-0.56 t0 0.17) 338 (2.11t04.65)
(range: 0-30/0-52) Non-fermented 7 (-0.60 to 0.95) -0.28 (-0.83t0 0.26) 3.50(2.26t0 4.73)
Executive function Total 0.88 (-2.10 t0 3.86) 3.80 (-1.68t09.28) 3.05 (2.09 to 4.00)
(difference in seconds) Non-fermented 0.49 (-0.42 to 1.40) 5.66 (-3.69 to 15.00) 3.08 (2.19t0 3.96)
Verbal fluency Total 65 (-6.07 t0 9.37) 0.77 (-0.67 to 2.21) 2.03(1.30to 2.76)
(range: 0-58 words) Non-fermented 0.95 (-2.66 to 4.55) 1.02 (-0.97 t0 3.01) 217 (143t0292)
Verbal learning Total - 1(-0.28 t0 0.70) 0.87 (0.53to 1.21)
(range: 0-8in RS Non-fermented - 0.26 (-0.35t0 0.87) 0.89 (0.56t0 1.22)
0-15in CLSA)

Memory Total -160 (-7.40t0 4.18) - 0.67 (047 to0 0.88)
(range: 0-48 in PsyColaus and Non-fermented -0.97 (-3.59 to 1.66) 0.71(0.51 t0 0.90)
0-9in CLSA)

CLSA: Canadian Longitudinal Study on Aging; MMSE: Mini-Mental State Examination; MAT: Mental Alternation Test; FCSRT: Free and Cued Selective Reminding Test;

PMT: Prospective Memory Test

lactase persistent individuals in CLSA. The domain-
specific cognitive function measures did not differ by
T-allele in PsyCoLaus and RS. Nonetheless, we found
3.1 points (95% CI 2.1 to 4.0) higher executive function
in lactase persistent individuals, 2.0 points (95% CI 1.3
to 2.8) higher verbal fluency, higher verbal learning 0.9
points (95% CI 0.5 to 1.2) and 0.7 points (95% CI 0.5 to
0.9) higher memory in CLSA (Table 3), for both total and
non-fermented dairy. Crude coefficients are presented in
Supplementary Table 5.

The results from the sensitivity analyses largely con-
firmed our findings. First, our analysis yielded similar
results when using the ratio method compared to two-
stage least-squares regression (Supplementary Table 6).
The suitability of two-stage least-squares regression was
confirmed with the Wu-Hausman statistic in PsyCoLaus
and CLSA (Supplementary Table 4). Second, our positive
control, ApoE, was not related to non-fermented dairy
intake (Supplementary Table 7 A) and was related to
lower cognitive function in CLSA but not in PsyCoLaus,
potentially because of suboptimal imputation quality of
75% (Supplementary Table 7B). Third, removing BMI
from the models (Supplementary Table 8), removing but-
ter from the exposure variable (Supplementary Table 9),
and adjustment for the four first principal components as
an alternative way to deal with population stratification
(Supplementary Table 10) resulted in similar estimates.

Discussion

Neither total dairy nor non-fermented consumption was
not associated with overall or domain-specific differences
in cognitive function in the Dutch and Swiss populations,
as estimated using lactase persistence as an instrument.
However, we found higher scores for general cognition
and all domain-specific cognitive measures in lactase

persistent compared to non-lactase persistent individuals
in the Canadian population.

The differences in general cognition were of small mag-
nitude and clinically irrelevant, defined as a difference
smaller than 1-point in the MMSE score [34, 49, 50], in
PsyCoLaus and RS. In CLSA, general cognition, mea-
sured with the MAT, was higher among lactase persistent
individuals. There is no literature discussing clinically
relevant effects for the MAT, so we cannot rule out that
our estimates are of clinical relevance. The bounds of
the confidence intervals for executive function, defined
as 5.5 points for clinical relevance in the Stroop test [35,
49], did not include clinically relevant estimates in Psy-
CoLaus and CLSA but they did in RS. The higher verbal
fluency among lactase persistent individuals could be of
significant clinical relevance only in PsyCoLaus, set at
2.9 points [35, 49], however they were non-informative.
Verbal learning and memory lack thresholds for clini-
cal relevance, but they were either close to null or non-
informative in the three cohorts. We interpreted CLSA
estimates with caution because the cohort used a non-
quantitative FFQ, more susceptible to exposure measure-
ment bias than quantitative FFQs. This could impact the
first stage regression and lead to an overestimate of the
effect. Moreover, the effect is expressed as once/d more
of non-fermented dairy consumption (approximately
corresponding to 250 g/d if we consider one portion
of a standard size), that is of higher magnitude than an
increase of 50 g/d in PsyCoLaus and RS. Although the
increased power given the bigger sample size can give us
more precise estimates, they are mostly of small magni-
tude below the clinical relevance for executive function
and verbal fluency.

Overall, our results suggest there is little evidence for
an effect of total and non-fermented dairy on cognitive
function. Therefore, a recommendation for increasing
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total or non-fermented dairy intake might have a low
impact, if any, in general cognitive function in Canadian,
Dutch and Swiss populations through the wide range of
total and non-fermented dairy intakes observed (range:
0-960 g/d and 0-17 times/d). These populations repre-
sent healthy European adults with Caucasian ancestry
with similar lactase persistence prevalence and cultural
norms related to dairy consumption. Consequently, our
results might not generalize to populations with non-
Caucasian ancestry because they are not included in the
panels for genotyping and to individuals falling outside
of the observed ranges of dairy consumption. Extending
any inferences to these populations would require geno-
typing panels that include participants from all ethnic
backgrounds, where the frequency of the genetic variant
is likely lower and therefore the validity of lactase persis-
tence as an instrument would need to be confirmed.

We confirmed the validity of lactase persistence as a
valid instrument for non-fermented dairy consumption,
as previously suggested by some studies in the Swedish
and Danish populations [51, 52], and also for total dairy
even if slightly weaker. The two studies that explored
the relationship between the same genetic variant and
Alzheimer’s disease in two-sample mendelian random-
ization found similar null and small results. Zhang [14]
reported 3% lower odds of Alzheimer’s disease per 50
mL milk/d [odds ratio 0.97 (95% CI 0.95-0.99)] and Yuan
[16] reported no association in a phenome-wide study. In
the same study, protective associations of milk consump-
tion were found for cataracts, diabetes and some dys-
lipidemias. Especially cardiometabolic outcomes could
increase the risk of cognitive decline [53]. With no over-
lap between the included cohorts, our results align with
the small effect sizes observed indicating an effect close
to the null. Comparing these results with the ones from
classical observational analyses, similar small effect sizes
were found in PsyCoLaus [54], and meta-analyses on the
association also found overall no effect of total and milk
dairy consumption on either Alzheimer’s disease or spe-
cific cognitive function domains [6—8]. Thus, the current
study suggests that associations found in classic obser-
vational studies may be related to residual confounding,
reverse causation, or selection bias.

We included 43,836 individuals in a one-sample
Mendelian randomization. Performing a one-sample
Mendelian randomization, as opposed to two-sample
Mendelian randomization, makes our results comparable
to other epidemiological studies using different meth-
ods in similar and identifiable populations, and allowing
harmonization of the covariates included in the two-
stage least-squares regression in the three cohorts. By
choosing to adjust for BMI (not possible in a two-sam-
ple setting), we were able to mitigate potential dynastic
effects, where the genotype of the parents influences the
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offspring’s exposure not through their genotype, creating
a dependency between the randomization of lactase per-
sistence and non-fermented dairy consumption. Height
adjustment and restricting our population to Caucasian
individuals could have prevented some bias due to popu-
lation stratification. Lactase persistence is likely to be a
valid instrument with biological and causal relationship
to non-fermented dairy consumption, making the rel-
evance assumption more plausible. The instrumental
variable analysis moved away from the unmeasured con-
founding assumption and potential reverse causation in
observational studies with short follow-up periods to
replace it with equally strong but alternative assumptions
to triangulate the evidence on the effect of dairy con-
sumption on cognitive function. Additionally, by includ-
ing populations with different prevalences of lactase
persistence and cultural norms regarding non-fermented
dairy products, our results cover a wide spectrum of pop-
ulations that may share these characteristics.

The present study shares some limitations with obser-
vational studies. We rely on self-reported dairy intake
in FFQs, that in the case of CLSA was non-quantitative
and therefore more prone to measurement bias. The
measurement bias could affect our analyses in any direc-
tion if it is systematic (e.g., older people consume less
quantity per time/day) and towards the null if random,
which we consider unlikely and thus, hard to predict the
direction of the bias. Selection bias may also be a con-
cern because we condition on not being censored due to
death, loss to follow-up or missing data, and their deter-
minants may differ between the groups compared (e.g.,
smokers may be unbalanced over the follow-up because
they die before developing dementia, even if they were
balanced at baseline). Moreover, the cohorts probably
included the healthiest individuals in the population,
so our results may not apply to participants with severe
cognitive decline and genetic variants may not be distrib-
uted randomly in this selected sample [55]. Finally, the
clinical significance thresholds were mostly determined
in patients with mild cognitive impairment or demen-
tia, which may not equal improvements in healthy indi-
viduals at the population level who usually benefit from
smaller effect sizes.

Some other limitations are specific to the instrumental
variable analysis assumptions. The relevance assump-
tion was confirmed empirically, and we have a mod-
erately strong instrument in PsyCoLaus and RS and a
strong instrument in CLSA. Even with a moderately
strong instrument, some bias can be introduced in one-
sample Mendelian randomization resulting in biased
estimates in the direction of the confounded associa-
tion and higher false positive rates. We do not think this
is affecting our results because in the moderate strength
cohorts we observed no association between total and



Ortega et al. Nutrition Journal (2025) 24:20

non-fermented dairy consumption and cognitive func-
tion. Moreover, both populations had a high (not rare)
prevalence of non-lactase persistent individuals. A down-
side of one-sample and single instrumental variable anal-
ysis is that we cannot assess the plausibility of exclusion
restriction in sensitivity analyses. None of our cohorts
followed the HWE, meaning that the lactase persistence
genetic variant is not constant across generations suscep-
tible to mutations, genetic drift (random change in allele
frequency in populations), natural selection (when a vari-
ant presents a trait advantage), gene flow (individuals
moving to populations with different allele frequencies)
and assortative mating (some individuals with the variant
are more likely to mate with individuals with a particu-
lar genotype compared to random mating). We could not
investigate the effect of fermented dairy because lactase
persistence is a weak instrument for that aim because
of limited lactose levels in this subgroup. It is therefore
challenging to compare our results quantitatively to
observational studies focusing on fermented dairy prod-
ucts and that might affect cognition differently due to
their higher content of short-chain fatty acids, prebiotics,
salt and saturated fatty acids. We assumed that the rela-
tionship between lactase persistence and non-fermented
dairy consumption remains stable over time during
late adulthood, which might not be the case given that
humans lose the ability to produce lactase if we consid-
ered different dairy consumption assessment timepoints.
Including one genetic variant reduces power and results
could be biased if there were pleiotropic pathways. Pleio-
tropic effects occur when the gene affects other pathways
related with cognition, which we think is unlikely, as none
have been described in the literature. The validity of our
estimates depends on the assumption of independence of
genetic variants from these two potential confounders at
the population-family level.

Conclusion

Lactase persistence is a potentially valid instrument to
estimate the effect of total and non-fermented dairy con-
sumption on cognitive function. Our results, inconsistent
across cohorts, support that the similar effect estimates
reported in classic observational studies on the associa-
tion between dairy and cognitive function in the general
population, are weak and most likely non-causal. Inter-
ventions targeting dairy are unlikely to have a relevant
effect on cognitive function.
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