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Background & aims: Population-based studies have shown both beneficial and neutral associations be-
tween dairy consumption and kidney function outcomes. We investigated the association between dairy
products and kidney function decline in drug-treated post-myocardial infarction (MI) patients.
Methods: We analysed data of 2169 posteMI patients (aged 60e80 years, 81% male) of the Alpha Omega
Cohort. Dietary data were collected at baseline (2002e2006) using a validated 203-item food frequency
questionnaire. The 2021 Chronic Kidney Disease Epidemiology (CKD-EPI) equation was used to estimate
40-months change in creatinine-cystatin C based glomerular filtration rate (eGFRcr-cysC, mL/min per
1.73 m2). Beta coefficients and 95% confidence intervals (CIs) for dairy products in relation to annual
eGFRcr-cysC change were obtained from multivariable linear regression, adjusted for age, sex, energy
intake, and other lifestyle and dietary factors.
Results: Baseline energy-adjusted median intakes were 64 g/day for total milk, 20 g/day for hard cheeses,
18 g/day for plain yogurt, and 70 g/day for dairy desserts. Mean ± SD eGFRcr-cysC was 84 ± 20 (13% with
CKD), and annual eGFRcr-cysC change was �1.71 ± 3.85. In multivariable models, high vs. low intakes of
total milk, cheese, and dairy desserts were not associated with annual eGFRcr-cysC change (btotal
milk: �0.21 [�0.60; 0.19], bcheese: �0.08 [�0.52; 0.36], bdairy desserts: �0.24 [�0.72; 0.24]). High vs. low
intake of yogurt was adversely associated with annual eGFRcr-cysC change (btotal yogurt: �0.50 [�0.91;-
0.09]), but subsequent spline analyses showed no clear doseeresponse association.
Conclusions: Intakes of milk, cheese or dairy desserts were not associated with a delayed kidney function
decline after MI. The observed adverse association for yogurt should be interpreted with caution. Our
findings require confirmation in other cohorts of coronary heart disease patients.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The estimated glomerular filtration rate (eGFR) is commonly
used to assess kidney function, which declines with an average rate
of 8 mL/min per 1.73 m2 per decade starting around age 35 years
[1]. In patients with established cardiovascular disease (CVD),
kidney function decline is accelerated [2,3], and they are thus at
higher risk of chronic kidney disease (CKD). In post-myocardial
infarction (MI) patients of the Alpha Omega Cohort, having an
eGFR of 30e59 mL/min per 1.73 m2 (chronic kidney disease, CKD)
was associated with 2e3-fold higher risk of premature mortality
from CVD or other causes compared to patients with an eGFR
ageningen, the Netherlands.
an Westing).
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>90 mL/min per 1.73 m2 [4]. A healthier diet could potentially
lower the risk of CKD in CVD patients.

Adherence to healthy diets have been consistently associated
with lower risk of adverse kidney function outcomes [5], and with
lower risk of CKD progression and mortality in patients diagnosed
with CKD [6], also in drug-treated posteMI patients of the Alpha
Omega Cohort [7]. Among various dietary factors, particularly low-
fat dairy products have been associated with lower risk of CKD, yet
this beneficial association was not present in all studies [5,8,9].
Dairy, a major component of the Western diet, is a heterogenous
food matrix, consisting of micronutrients (i.e. calcium, potassium,
magnesium), macronutrients (i.e. protein), and fatty acids (mainly
saturated fatty acids [SFAs] and trans fatty acids). These nutrients
may exert contrasting effects on kidney health. Several micro-
nutrients in dairy have been related to lower blood pressure [10],
reduced insulin resistance [11], lower levels of inflammation [12],
le under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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and improved kidney function outcomes [13]. Nevertheless, dairy is
also high in protein and adults with CKD at risk of progression are
advised to limit their daily protein intake to <1.30 g/kg body weight
[14], to prevent CKD progression and glomerular hyperfiltration
[15]. Furthermore, SFAs and trans fatty acids are associated with
elevated LDL cholesterol levels [16,17].

In the Alpha Omega Cohort, we previously observed that total
dairy intake and dairy products were not associated with diabetes
risk [18] or with cause-specific mortality [19]. Intake of yogurt,
however, was associated with a 4% lower risk of CVD mortality per
increment of 25 g/day [19]. In the current study, we evaluated the
association between habitual intake of milk, cheese, yogurt, and
dairy desserts, and kidney function decline in posteMI patients of
the Alpha Omega Cohort.

2. Materials & methods

2.1. Study design and patients

We used data of the Alpha Omega Cohort. The cohort consists of
4837 drug-treated Dutch patients (aged 60e80 years, approxi-
mately 80% men) with a verified history of MI < 10 years before
study enrolment (2002e2006). Follow-up for cause-specific mor-
tality is still ongoing. The medical ethics committee of the Haga
Hospital (The Hague, the Netherlands) approved the study as well
as ethics committees of participating hospitals. All patients pro-
vided oral and written informed consent.

For the current study, patients were eligible if they provided a
blood sample at baseline and after ~40 months (n ¼ 2488). We
excluded patients with incomplete eGFR assessment (n ¼ 148),
incomplete dietary data (n ¼ 164), and with implausibly high or
low energy intakes (<800 or >8000 kcal/day for men, <600 or
>6000 kcal/day for women; n¼ 7), which yielded 2169 patients for
the analysis (Supplemental Fig. 1).

2.2. Dietary assessment

A validated 203-item semi-quantitative food frequency ques-
tionnaire (FFQ) was used to assess habitual dietary intake at
baseline. This FFQ was an extended version of a previously vali-
dated and reproducible FFQ, specifically designed to estimate fatty
acids and cholesterol intake [20,21]. A Pearson's correlation coef-
ficient of 0.83 was calculated for total energy intake measured by
the FFQ and a dietary history [20], indicating high validity [21].
High reproducibility was found for repeated measurements of the
FFQ for specific dairy products (Spearman's correlation coefficients
of 0.69 for cheese and 0.80 for a combination of milk, yogurt and
custard [20,21]). Dairy intake was estimated from the FFQ in grams/
day and grouped by fat content. Butter, milk and creamers from
non-dairy sources, such as soy-milk, were not included in this
study. Specific dairy products were grouped as follows: total milk,
low-fat milk, hard cheeses, total (plain) yogurt, low-fat yogurt, and
dairy desserts, according to previous Alpha Omega Cohort studies
(Supplemental Table 1) [18,19]. Daily intake of total energy (kcal/
day) and nutrients ([milli]grams/day) was calculated by using the
2006 Dutch Food Composition Table (NEVO 2006), that was most
recent at the time of exposure (2002e2006) [22].

2.3. Kidney function assessment

At baseline and after ~40 months of follow-up, both creatinine
and cystatin C were measured from stored blood samples in a
central laboratory, as described in detail elsewhere [23]. Serum
creatinine was assessed by using the modified kinetic Jaff�e method
and serum cystatin C was measured by a particle-enhanced
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immunonephelometric assay. We estimated GFR based on creati-
nine and cystatin C (eGFRcr-cysC) at baseline and ~40months follow-
up, using the updated Chronic Kidney Disease Epidemiology
Collaboration equation from 2021 [24]. Annual eGFRcr-cysC change
was calculated by subtracting a patient's baseline eGFRcr-cysC from
their follow-up eGFRcr-cysC and dividing the result by the patient's
specific follow-up time in years. Negative beta coefficients indicate
more kidney function decline and positive beta coefficients indicate
less kidney function decline. For the main analyses, we use annual
change in eGFRcr-cysC as outcome. Additional results for change in
eGFRcysC are reported in the supplement. Baseline eGFRcr-cysC
<60 mL/min per 1.73 m2 was used as proxy of prevalent CKD, ac-
cording to KDIGO guidelines [25].

2.4. Covariates

Information on sociodemographic factors, including education,
was obtained from self-administered questionnaires. Highest level
of attained education was grouped in three categories: low, inter-
mediate and high. Smoking status was categorized as never, former,
current. Physical activity was assessed by the validated Physical
Activity Scale for the Elderly [26], and reported in three categories:
low (no or only light activity, �3 metabolic equivalent tasks
[METs]), intermediate (>0 - <5 days/week of moderate or vigorous
activity, >3 METs), or high (�5 days/week of moderate or vigorous
activity, >3 METs).

Information about intake of alcoholic beverages was obtained
from the FFQ, from which alcohol consumption (grams/day) was
calculated using the 2006 Dutch Food Composition Table (NEVO
2006). Alcohol consumption was then categorized as no (0 g/day),
low (>0e10 g/day), moderate (women: >10e20 g/day; men:
>10e30 g/day), or high intake (women: >20 g/day; men: >30 g/
day). Other dietary covariates (grams/day) were derived from the
FFQ, of which the following food groups were composed: fruits,
vegetables, whole grains, refined grains, red-and processed meat,
sugar-sweetened beverages (SSBs), coffee (caffeinated and decaf-
feinated) tea, fish, and sodium.

Blood lipids (total cholesterol, HDL cholesterol, LDL cholesterol
and triglycerides) and glucose levels were determined by using a
Hitachi 912 Autoanalyzer (Roche Diagnostics, Basel, Switzerland)
[27]. In about 50% of the cohort, blood was collected in a fasting
state. Prevalent diabetes mellitus was defined as a self-reported
physician's diagnosis, use of glucose lowering drugs, or elevated
plasma glucose level (�7.0 mmol/L if fasted for�4 h or�11.1mmol/
L if not fasted).

Body mass index (BMI) was calculated by measured weight (kg)
divided by the squared height (m2), and obesity was defined as BMI
�30 kg/m2. Systolic and diastolic blood pressure was an average of
two measurements on the left arm in seated position using an
automated device (Omron HEM-711) following a 10-min rest. Hy-
pertension was defined as high blood pressure (systolic blood
pressure �140 mmHg or diastolic blood pressure �90 mmHg) or
use of antihypertensive drugs. Medication was self-reported and
coded according to the Anatomical Therapeutic Chemical (ATC)
Classification System: antihypertensive drugs (CO2, C03, C07, C08,
and C09), anti-thrombotic drugs (B01), statins (C10AA and C10B),
and renin-angiotensin-aldosterone system (RAAS) blockers (C09)
[28].

2.5. Statistical analysis

Baseline characteristics were described as means (standard
deviations, SD) for normally distributed data, median (interquartile
range, IQR) for skewed variables, and n (%) for categorical data, for
both the total population and across categories of total milk
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consumption. All dairy groups were energy-adjusted by using the
residual method [29].

We used multivariable linear regression to study associations of
baseline dairy product intake with annual eGFRcr-cysC change. To
address potential non-linearity, we first analysed associations using
restricted cubic splines (RCS, knots located at 10th, 50th, and 90th
percentile). The associations were visualized in graphs. Although
figures were restricted to showing energy-adjusted intakes >0 to
�400 g/day (total milk and low-fat milk), >0 to�80 g/day (cheese),
and >0 to �200 g/day (total yogurt, low-fat yogurt, and dairy
desserts), analyses also included extremely low and extremely high
intakes. We additionally used multivariable linear regression (b
with 95% confidence intervals [CIs]) to analyse associations of
baseline dairy products intake per 1-SD increment and in cate-
gories (lowest intake as reference) with annual eGFRcr-cysC change.
Based on sample size, we created the following categories of dairy
products intake (grams/day): total milk, including low-fat milk
(<25, �25e125, �125), hard cheese (<15, �15e30, �30), total
yogurt, including low-fat yogurt (<10, �10e60, �60), and dairy-
based desserts (<50, �50e100, �100). The Ptrend was obtained by
treating the categories as a continuous variable in the models.

For all analyses, we created three models for confounder
adjustment and all confounders were selected a priori based on
previous literature. In model 1, we adjusted for age, sex, and total
energy intake. In model 2, we additionally added smoking status
(never, former, current), physical activity (low, intermediate, high),
education (low, intermediate, high), alcohol intake (abstainers, low,
moderate, high), obesity (yes, no), and RAASmedication (yes, no) as
potential confounders. In the final model, model 3, daily intake of
dietary factors, including grains, fruits, vegetables, red-and pro-
cessed meat, SSBs, coffee, tea, sodium, and fish were included.
Missing data of covariates, which ranged from 0.09% to 0.51%, were
imputed with sex-specific means (normally distributed variables)
and modes (categorical variables).

To explore the role of sex, diabetes, obesity, and CKD, we per-
formed both subgroup and sensitivity analyses using model 3.
Subgroup analyses were conducted per 1-SD increment of the
specific dairy product, for reasons of power. Sensitivity analyses
were conducted by repeating the categorical analyses after
excluding women, patients with diabetes or obesity. The role of
CKD was studied, since potassium and protein, major components
of dairy products, may have contradictive effects on kidney func-
tion decline, depending on eGFR stage [30e32]. We also repeated
analyses by using annual change in eGFRcysC as an outcome,
because protein from dairy could have affected serum creatinine.

Finally, we performed three distinct exploratory analyses. First,
analyses for specific dairy products were additionally adjusted for
other dairy products, to assure an independent association of a
certain dairy type. Secondly, we additionally adjusted for total
serum cholesterol, serum triglycerides, and presence of hyperten-
sion, since these factors may be potential intermediates of the
dairyekidney association. Thirdly, we additionally adjusted model
3 for baseline eGFRcr-cysC .

3. Results

3.1. Baseline characteristics

The baseline characteristics for 2169 posteMI patients and ac-
cording to categories of energy-adjusted total milk consumption,
are described in Table 1. Patients were on average 69 ± 5 years old,
and predominantly male (81%). Most patients used antithrombotic
drugs, antihypertensives, and statins. Those with the highest milk
intake were more often physically active, a never smoker, and
consumed less alcohol, than patients with the lowest milk intake.
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They weremore often obese or diabetic compared to thosewith the
lowest milk intake. At baseline, the mean ± SD eGFRcr-cysC was
84 ± 20 mL/min per 1.73 m2 (13% with CKD) in the total population,
and this proportion did not substantially differ across categories of
milk intake. No major differences in dietary factors across cate-
gories of milk intake were observed (Supplemental Table 2).

3.2. Milk consumption and annual kidney function decline

Baseline median [IQR] energy-adjusted milk intake was 63.7
[1.1, 141.5] grams/day (Supplemental Table 2). The mean ± SD
annual eGFRcr-cysC decline was 1.59 ± 3.98 mL/min per 1.73 m2 in
the lowest milk intake group, and this decline was slightly larger in
the highest milk intake group (1.78 ± 3.74 mL/min per 1.73 m2)
(Table 2). After multivariate adjustment, milk intake was not
associated with annual eGFRcr-cysC decline when analysed using
RCS (Fig. 1A), per 1-SD increment (Supplemental Fig. 3A), or across
categories (Table 2). Similar results were obtained for low-fat milk
(Table 2, Supplemental Fig. 2A, Supplemental Fig. 4A).

3.3. Cheese consumption and annual kidney function decline

Baseline median [IQR] energy-adjusted intake of hard cheese
was 19.5 [12.3, 32.1] grams/day (Supplemental Table 2) and the
mean ± SD annual eGFRcr-cysC decline did not differ much across
categories of hard cheese intake (Table 2). In line with this, no as-
sociation was observed across categories of hard cheese intake
(Table 2). However, results from RCS suggested a non-linear rela-
tionship (P non-linearity ¼ 0.01), with more annual eGFRcr-cysC
decline from energy-adjusted cheese intakes >60 g/day (Fig. 1B).

3.4. Yogurt intake and annual kidney function decline

Baselinemedian [IQR] energy-adjusted intake of yogurt was 17.9
[�11.7, 63.3] grams/day (Supplemental Table 2). The mean ± SD
annual eGFRcr-cysC decline was higher in the highest intake group
(�60 g/day) than in the lowest intake group (<10 g/day) (Table 2).
This association remained in multivariable analyses of categories:
patients with the highest intake (�60 g/day) had more annual
eGFRcr-cysC decline (�0.50 [95% CI -0.91,�0.09] mL/min per 1.73m2,
Table 2) than patients with the lowest intake (<10 g/day). RCS
suggested a non-linear relationship (P non-linearity ¼ 0.03), with
more annual eGFRcr-cysC decline and flattening of the curve for in-
takes >40 g/day (Fig. 1C). For low-fat yogurt, comparable results
were obtained (Table 2, Supplemental Fig. 2B).

3.5. Dairy desserts and annual kidney function decline

Baseline median [IQR] energy-adjusted intake of dairy desserts
was 70.0 [47.5, 97.5] grams/day (Supplemental Table 2). In crude
comparisons, patients with the highest intake of dairy desserts had
slightly more annual eGFRcr-cysC decline than those with the lowest
intake (Table 2). In multivariable models across categories, dairy
desserts were not associated with annual eGFRcr-cysC decline
(Table 2). In RCS, we found no indication of non-linear associations
(P nonlinearity ¼ 0.63, Fig. 1D) and results of linear regression
analyses per 1-SD increment also showed no statistically significant
association (b �0.15 [95% CI -0.32; 0.02]) (Supplemental Fig. 3D).

3.6. Sensitivity and subgroup analyses

Results for all dairy products remained largely similar after
excluding women (Supplemental Table 3) and patients with co-
morbid conditions (Supplemental Tables 4e6). Additional adjust-
ment for other dairy types, for CVD risk factors of the dairyekidney



Table 1
Baseline characteristics of 2169 patients of the Alpha Omega Cohort, overall, and by categories of total milk consumption.

Total population (n ¼ 2169) Energy-adjusted total milk consumption (grams/day)

<25 (n ¼ 822) �25e125 (n ¼ 667) �125 (n ¼ 680)

Sociodemographic factors
Age, years 68.9 ± 5.4 68.7 ± 5.3 69.0 ± 5.5 69.0 ± 5.4
Men, n (%) 1752 (80.8) 688 (83.7) 524 (78.6) 540 (79.4)
Education, n (%)
Low 1225 (56.5) 453 (55.1) 364 (54.6) 408 (60.0)
Intermediate 671 (30.9) 251 (30.5) 227 (34.0) 193 (28.4)
High 263 (12.1) 113 (13.7) 72 (10.8) 78 (11.5)

Lifestyle factors
Smoking status, n (%)
Never 360 (16.6) 134 (16.3) 109 (16.3) 117 (17.2)
Former 1481 (68.3) 563 (68.5) 458 (68.7) 460 (67.6)
Current 328 (15.1) 125 (15.2) 100 (15.0) 103 (15.1)

Physical activitya, n (%)
Low 856 (39.5) 321 (39.1) 270 (40.5) 265 (39.0)
Intermediate 807 (37.2) 307 (37.3) 259 (38.8) 241 (35.4)
High 497 (22.9) 194 (23.6) 135 (20.2) 168 (24.7)

CVD (risk)factors
Time since MI, years 4.0 [1.9, 6.4] 3.7 [1.9, 6.5] 4.4 [2.1, 6.6] 4.0 [1.9, 6.3]
BMI, kg/m2 27.6 ± 3.6 27.4 ± 3.5 27.8 ± 3.6 27.7 ± 3.7
Obesityb, n (%) 483 (22.3) 163 (19.8) 154 (23.1) 166 (24.4)

Serum blood lipids, mmol/L
Total cholesterol 4.75 [4.19, 5.33] 4.72 [4.15, 5.33] 4.75 [4.20, 5.33] 4.77 [4.24, 5.34]
LDL cholesterol 2.72 ± 0.79 2.71 ± 0.78 2.71 ± 0.80 2.75 ± 0.79
Triglycerides 1.63 [1.21, 2.26] 1.61 [1.19, 2.25] 1.65 [1.21, 2.28] 1.63 [1.24, 2.27]
Fasting triglyceridesc 1.45 [1.09, 1.93] 1.44 [1.08, 1.93] 1.48 [1.09, 1.93] 1.42 [1.11, 1.96]

Diabetesd, n (%) 394 (18.2) 136 (16.5) 128 (19.2) 130 (19.1)
SBP, mmHg 144 ± 21 144 ± 21 145 ± 21 142 ± 21
DBP, mmHg 81.5 ± 10.7 81.2 ± 10.8 82.2 ± 10.5 81.2 ± 10.7
Hypertensione, n (%) 2050 (94.5) 774 (94.2) 635 (95.2) 641 (94.3)

Medicationf, n (%)
Statins 1857 (85.6) 705 (85.8) 576 (86.4) 576 (84.7)
Antihypertensives 1887 (87.0) 723 (88.0) 583 (87.4) 581 (85.4)
RAAS blockers 1184 (54.6) 440 (37.2) 373 (31.5) 371 (31.3)

Antithrombotic agents 2127 (98.1) 811 (98.7) 654 (98.1) 662 (97.4)
Kidney function
Serum creatinine, mmol/L 84.0 [72.0, 101.0] 86.0 [73.0, 104.0] 82.0 [71.0, 98.0] 83.0 [71.0, 99.0]
Serum cystatin C, mg/L 0.92 [0.82, 1.10] 0.91 [0.82, 1.08] 0.93 [0.82, 1.10] 0.91 [0.82, 1.10]
eGFRcr-cysC, mL/min per 1.73 m2 84.2 ± 19.5 83.9 ± 19.8 84.1 ± 19.1 84.7 ± 19.5
eGFRcysC

g, mL/min per 1.73 m2 81.6 ± 19.5 82.0 ± 19.7 80.9 ± 19.2 81.8 ± 19.5
CKDh, n (%) 273 (12.6) 99 (12.0) 93 (13.9) 81 (11.9)

Values are means ± standard deviation for normally distributed data, medians [interquartile range] for skewed data or n (%) for categorical data. Missing data were 0.5% for education, 0.4% for physical activity, 0.09% for BMI/
obesity, 0.5% for total cholesterol, HDL cholesterol, and triglycerides, 5% for LDL cholesterol, 0.1% for SBP and DBP.
Abbreviations: CVD, cardiovascular disease; MI, myocardial infarction; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFRcr-
cysC, estimated glomerular filtration rate based on creatinine and cystatin C; RAAS, renin-angiotensin-aldosterone system; CKD, chronic kidney disease.

a Low: no or only light activity (�3 MET), moderate: >0e<5 days/week of moderate or vigorous activity (>3 MET), and high: �5 days/week of moderate or vigorous activity (>3 MET).
b Defined as BMI �30 kg/m2.
c Based on sample size n ¼ 845. This sample size includes only patients who consumed their last meal �8 h before blood sampling. Part of the cohort had missing values for fasting state (n ¼ 90).
d Diabetes is considered present in case of a self-reported physician's diagnosis, use of glucose lowering drugs, or elevated plasma glucose level (�7.0 mmol/L if fasted for �4 h or �11.1 mmol/L if not fasted).
e Defined as SBP �140 mmHg or DBP �90 mmHg or use of antihypertensive drugs.
f Anatomical Therapeutic Chemical Classification (ATC) System coding: statins (C10AA and C10B), anti-hypertensive drugs (C02, C03, C07, C08 and C09), antithrombotic drugs (B01), and RAAS blockers (C09).
g Based on n ¼ 2247. Low milk intake: n ¼ 840, intermediate milk intake: n ¼ 692, high milk intake: n ¼ 715.
h Defined as a single assessment of eGFRcr-cysC <60 mL/min per 1.73 m2 at baseline.
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Table 2
Associations of energy-adjusted dairy subtypes and annual eGFRcr-cysC, change in 2169 patients of the Alpha Omega Cohort.

Energy-adjusted categories of dairy consumption, grams/day Ptrenda

Low Intermediate High

Total milk <25 (n ¼ 822) �25e125 (n ¼ 667) �125 (n ¼ 680)
Mean ± SD annual eGFRcr-cysC change, mL/min per 1.73 m2 �1.59 ± 3.98 �1.77 ± 3.78 �1.78 ± 3.74
Model 1b Ref �0.13 (�0.52; 0.26)e �0.16 (�0.55; 0.34) 0.42
Model 2c Ref �0.14 (�0.54; 0.25) �0.17 (�0.57; 0.22) 0.38
Model 3d Ref �0.14 (�0.53; 0.26) �0.21 (�0.60; 0.19) 0.31

Low-fat milk <25 (n ¼ 993) �25e125 (n ¼ 622) �125 (n ¼ 554)
Mean ± SD annual eGFRcr-cysC change, mL/min per 1.73 m2 �1.63 ± 3.95 �1.75 ± 3.74 �1.79 ± 3.79
Model 1 Ref �0.11 (�0.50; 0.27) �0.15 (�0.55; 0.25) 0.44
Model 2 Ref �0.13 (�0.52; 0.25) �0.18 (�0.58; 0.22) 0.35
Model 3 Ref �0.12 (�0.51; 0.26) �0.20 (�0.60; 0.21) 0.32

Hard cheese <15 (n ¼ 737) �15e30 (n ¼ 837) �30 (n ¼ 595)
Mean ± SD annual eGFRcr-cysC change, mL/min per 1.73 m2 �1.65 ± 3.71 �1.75 ± 3.97 �1.71 ± 3.85
Model 1 Ref �0.002 (�0.39; 0.39) �0.05 (�0.46; 0.37) 0.82
Model 2 Ref �0.002 (�0.39; 0.39) �0.06 (�0.47; 0.36) 0.79
Model 3 Ref �0.003 (�0.40; 0.39) �0.08 (�0.52; 0.36) 0.73

Total yogurt <10 (n ¼ 931) �10e60 (n ¼ 645) �60 (n ¼ 593)
Mean ± SD annual eGFRcr-cysC change, mL/min per 1.73m2 �1.42 ± 3.76 �1.96 ± 3.88 �1.87 ± 3.93
Model 1 Ref �0.54 (�0.93;-0.16) �0.43 (�0.82;-0.03) 0.02
Model 2 Ref �0.60 (�0.99;-0.21) �0.49 (�0.89;-0.09) 0.009
Model 3 Ref �0.60 (�0.99;-0.21) �0.50 (�0.91;-0.09) 0.009

Low-fat yogurt <10 (n ¼ 1122) �10e60 (n ¼ 513) �60 (n ¼ 534)
Mean ± SD annual eGFRcr-cysC change, mL/min per 1.73 m2 �1.47 ± 3.74 �2.00 ± 3.93 �1.93 ± 3.96
Model 1 Ref �0.56 (�0.96;-0.16) �0.45 (�0.85;-0.06) 0.01
Model 2 Ref �0.61 (�1.01;-0.20) �0.49 (�0.89;-0.09) 0.006
Model 3 Ref �0.58 (�0.99;-0.18) �0.50 (�0.90;-0.09) 0.006

Dairy desserts <50 (n ¼ 603) �50e100 (n ¼ 1064) �100 (n ¼ 502)
Mean ± SD annual eGFRcr-cysC change, mL/min per 1.73 m2 �1.44 ± 3.79 �1.91 ± 3.93 �1.61 ± 3.70
Model 1 Ref �0.39 (�0.79; 0.01) �0.06 (�0.52; 0.40) 0.73
Model 2 Ref �0.45 (�0.85;-0.05) �0.13 (�0.60; 0.35) 0.55
Model 3 Ref �0.46 (�0.87;-0.06) �0.24 (�0.72; 0.24) 0.28

Abbreviations: eGFRcr-cysC, estimated glomerular filtration rate based on creatinine and cystatin C; SD, standard deviation.
a Ptrend was assessed by treating the categorical variable as a continuous variable in the model.
b Model 1 included age, sex, and total energy intake.
c Model 2 was additionally adjusted for smoking status (never, former, current), physical activity (low, intermediate, high), education (low, intermediate, high), alcohol consumption (abstainers, low, moderate, high), obesity

(yes, no), and renin-angiotensin-aldosterone system blocking drugs (yes, no).
d Model 3 was additionally adjusted for dietary intakes of whole grains, refined grains, fruits, vegetables, red- and processed meat, sugar sweetened beverages, coffee, tea, salt from foods, and fish intake (yes, no).
e b (95% confidence interval) obtained from multivariable linear regression models (all such values).
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Fig. 1. Relationship between energy-adjusted intake of dairy products as continuous variable and annual eGFRcr-cysC change among 2,169 patients of the Alpha Omega Cohort. A]
Total milk; B] Hard cheese; C] Total yogurt; D] Dairy desserts. Solid lines represent beta coefficients and dashed lines represent 95% CIs. Negative coefficients indicate more eGFRcr-

cysC decline and positive coefficients indicate less eGFRcr-cysC decline. Three-knot restricted cubic splines was used, with an energy-adjusted intake of 25 grams/day (total milk), 15
grams/day (hard cheese), 10 grams/day (total yogurt), and 50 grams/day (dairy desserts) as reference points. Betas were adjusted for age, sex, total energy intake, smoking status,
physical activity, education, alcohol consumption, obesity, renin-angiotensin-aldosterone system blocking drugs, and dietary intake of whole grains, refined grains, fruits, vege-
tables, red- and processed meat, sugar sweetened beverages, coffee, tea, salt from foods, and fish. Abbreviations: eGFRcr-cysC, estimated glomerular filtration rate based on creatinine
and cystatin C; CIs, confidence intervals.
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association, or for baseline eGFRcr-cysC did not materially affect the
results (Supplemental Table 7). When we used change in eGFRcysC
as an outcome instead of change in eGFRcr-cysC, we observed
attenuated estimates toward the null for all dairy products, except
for dairy desserts (Supplemental Table 8). Results for analyses per
1-SD increment were generally consistent across subgroups of sex,
diabetes, CKD, and obesity (Supplemental Figs. 3 and 4). For dairy
desserts, we observed a borderline significant association among
483 patients with obesity, with 0.31 mL/min per 1.73 m2 (95%
1506
CI: �0.66; 0.05) more kidney function decline per 1-SD increment
(Supplemental Fig. 3D).

4. Discussion

This prospective analysis among 2169 Dutch posteMI patients
showed no association between intake of different dairy products
and annual kidney function decline. The results for yogurt are un-
clear, with RCS analysis showing more kidney function decline for
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energy-adjusted intakes until ~40 g/day, and a flattened curve for
higher intakes. The results for all dairy products were generally
robust in all sensitivity and subgroup analyses.

4.1. Milk

To our knowledge, no previous studies on the relationship
betweenmilk and kidney function decline in cardiac patients have
been performed. The population-based Dutch Doetinchem Cohort
Study with a maximum of 15 years follow-up investigated asso-
ciations between milk products (including all kinds of milk,
yogurt, coffee creamers, curd, pudding, porridge, custard, whip-
ping cream) and annual eGFR decline, among 1488 participants
with mildly decreased eGFR (mean ± SD eGFR 99.2 ± 11.4 mL/min
per 1.73 m2). Contrary to our null findings, they observed less
eGFR decline for �2 daily servings of milk products [33]. In a
recent study among 2416 CKD-free participants of the TLGS, low-
fat milk was not associated with incident CKD after 8.4 years
follow-up, whereas full-fat milk was associated with 3% lower risk
of CKD (HR for 1-serving/week increment 0.97, 95% CI 0.94e0.99)
[9]. Differences could be explained by differences in study popu-
lation (MI patients in Alpha Omega Cohort vs. healthy individuals
in Doetinchem Cohort Study and TLGS), the heterogenous food
group (plain milk in Alpha Omega Cohort, various milk products
in the Doetinchem Cohort Study and plain milk and chocolate
milk in TLGS), or use of eGFRcysC (Doetinchem Cohort Study), or
eGFRcr (TLGS) instead of eGFRcr-cysC. However, our sensitivity
analysis also showed no associations of milk intake with annual
eGFRcysC decline. Previous Alpha Omega Cohort studies have
shown no association between total milk or low-fat milk intake
and incident diabetes [18], a major risk factor of kidney function
decline, and CVD and coronary heart disease (CHD) mortality [19].
These results corroborate our findings that, in CHD patients,
consumption of milk is not associated with cardiometabolic out-
comes, including kidney function.

4.2. Hard cheese and yogurt

In the present study, high versus low intake of cheese was not
associated with eGFR decline, in line with results of the previously
mentioned Doetinchem Cohort Study [33]. RCS plots in our study
suggested that intakes �60 g/day may be associated with addi-
tional annual eGFR decline, but the number of patients at these
intake levels is small and more studies are needed to evaluate this.
Cheese contributes to salt intake, which could explain additional
kidney function decline in the larger intake ranges [34]. Yogurt was
adversely associated with eGFR decline in our study. This result was
unexpected, but could not be explained in various subgroup and
sensitivity analyses. However, RCS showed no clear linear
doseeresponse association, and we hypothesize that the observed
adverse association with kidney function decline may be due to
chance. The previously mentioned TLGS observed no association
for low-fat and full-fat yogurt intake in relation to CKD risk [9].
Differences between the studies could be attributed to differences
in study population. Previous Alpha Omega Cohort studies showed
no association between yogurt and diabetes risk [18], but yogurt
was favourably associated with CVD mortality risk [19]. Therefore,
our results for yogurt in relation to kidney function should be
interpreted with caution and require further study.

4.3. Dairy desserts

Intake of dairy desserts was not associated with kidney function
decline, although a borderline significant adverse association was
found in a subgroup of 483 patients with obesity. These results
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concur with results of a previous Alpha Omega Cohort study, which
also showed no association with diabetes risk, and an adverse as-
sociation in a subgroup of 685 patients with obesity [18]. However,
results in subgroups should be interpreted with caution, because of
smaller sample sizes.

4.4. Total dairy vs. dairy subgroups

Previous studies havemainly investigated total dairy or low-fat
dairy, rather than dairy subtypes, in relation to kidney function.
Contrary to our findings for dairy products, these studies have
shown beneficial associations for total low-fat dairy [8], and null
associations for total full-fat dairy [33,35,36]. The recent TLGS,
however, observed a 24% reduced risk of CKD for high (>6.67
servings/week) vs. low intake (<1.98 servings/week) of full-fat
dairy, but no association for low-fat dairy [9]. The associations
for full-fat dairy could be attributed to considerable amounts of
conjugated linoleic acid and whey protein present in full-fat dairy,
as argued in the paper written by Gaeini et al. [9]. Other expla-
nations could be that full-fat dairy products induce higher satiety
compared to low-fat dairy products, resulting in lower con-
sumption. Additionally, full-fat dairy products are typically un-
processed, while low-fat dairy products are often processed and
potentially sweetened more frequently. In another study of the
Alpha Omega Cohort, biomarkers of dairy and fiber (i.e. C15:0 and
C17:0) were also not associated with kidney function decline
[37,38]. Dairy is a heterogeneous group of liquid and (semi)solid
products that differ in levels of nutrients (e.g. salt, SFAs, pro-
biotics), with potentially different effects on cardiometabolic
health. Differences in amount of dairy protein may also play a role,
as higher protein intake has been associated with CKD progres-
sion [31]. However, previous studies, including one in Alpha
Omega Cohort [39], found no association between protein from
dairy and kidney function decline [33,40]. Finally, differences
between our findings for specific dairy groups and those for total
dairy may be attributed to differences in the amount and variation
of dairy intake in different studies.

4.5. Strengths and limitations

Strengths of this analysis include the relatively large cohort of
stable posteMI patients with detailed data on potential con-
founders, including a validated FFQ with high reproducibility for
milk, yogurt and cheese. Limitations include that, although we
adjusted for a wide range of dietary and lifestyle confounders, re-
sidual confounding cannot be ruled out. Considering kidney func-
tion, we lacked 24 h-urine samples for measurement of e.g.
albuminuria, and GFR was not directly measured. However, our
study used the latest 2021 creatinine-cystatin C-based CKD-EPI
equation to obtain estimates of GFR, which is considered a valid
measure of kidney function [24]. Finally, patients who died
(n ¼ 233) during follow-up were not eligible for this analysis, and
we cannot rule out a differential association between dairy and
kidney function in this subgroup. However, in a previous Alpha
Omega Cohort analysis, dairy products were not associated with
(CVD) mortality risk, except for yogurt, for which a beneficial as-
sociation was found [19].

4.6. Conclusion

To conclude, our results suggest that dairy products may not
delay kidney function decline after MI. Results for yogurt should be
interpreted with caution. Evaluation of these findings in other co-
horts of CHD patients is warranted, before results can be translated
to dietary recommendations in CHD patients.
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