Milk intake, lactase non-persistence, and type 2 diabetes risk in Chinese adults
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In the 2024 January issue of Nature Metabolism, Luo et al.' reported an inverse association between
milk intake and risk of type 2 diabetes (T2D) among individuals who were lactase non-persistent
(LNP), as determined by the lactase (LCT) rs4988235 homozygous GG genotype. The authors also
reported inverse cross-sectional associations of milk intake with several T2D-related metabolic
traits, including body mass index (BMI) and waist circumference (WC) in LNP individuals.
However, in their analyses, no adjustments for BMI/WC were done in assessing the association
between milk intake and T2D risk, which may lead to biased results. Given the established causal
relevance of adiposity for incident T2D** and the observed inverse associations of milk intake with
adiposity in the study population, it is therefore important to establish whether the associations of
milk consumption, milk-associated gut bacteria and milk-associated metabolites with T2D risk are

confounded, or mediated, by BMI/WC in the paper by Luo et al.

In the China Kadoorie Biobank (CKB) of >0.5 million adults recruited from 10 diverse regions
across China in 2004-2008, we previously reported a similar inverse association of dairy (chiefly
milk) intake with BMI*. In the prospective analyses of 18,306 incident T2D cases in the CKB (i.e.
461,046 participants who were free ofT2D, cardiovascular diseases and cancer at baseline, and
followed-up for an average of 11.8 years), we found a significant inverse association between dairy
intake and T2D risk, with regular consumption of dairy products (>4 days/week) being associated
with a 7% (hazard ratio [HR]: 0.93; 95% confidence interval [CI]: 0.89-0.98) lower risk of T2D
than non-consumers after adjustment for all available covariates in the models as used by Luo et
al.!, plus several others including family history of T2D. However, when BMI was additionally
included in the models, the association of dairy intake with T2D risk disappeared (HR: 1.02; 95%

CI: 0.97-1.07), indicating strong support for a confounding and/or mediating role of BMI.

Among the >100,000 genotyped CKB participants®, the proportion of individuals with LCT-
1s4988235 GG genotype (i.e. LNP individuals) was >99%, with the remainder having AG genotype

(i.e. total absent of AA genotype). Interestingly, the frequency of AG genotype (lactase persistent,



LP) varied by 7-fold across the 10 geographical regions covered in CKB, with much higher
frequency in the four north regions including Qingdao, Henan, Harbin and Gansu (0.16%-0.38%,
mean 0.27%) than in the other six south regions (0.01-0.07%, mean 0.04%). Compared with the LP
individuals, the LNP individuals indeed were less likely to be regular dairy consumers (12.8% vs
16.7%). Moreover, LNP individuals were also found to have lower daily milk consumption
compared with LP individuals (33 vs 41 ml per day; 24% difference). Such a difference in CKB is
highly consistent with the 23% difference reported by Luo et al. (i.e. 0.73 vs 0.90 serving per day in
LNP vs LP group, respectively)’, suggesting that this genetic variation alone does not fully explain
the much lower consumption level of dairy products in Chinese than in European ancestry
populations (e.g. our previous work identified a six-fold lower milk consumption in CKB than in

UKB®).

Methods

Study design and population

Details on the study design, methods and participants of the CKB study have been previously
described’. Briefly, it is a population-based prospective study of over 0.5 million adults recruited
from ten diverse regions across China. The baseline survey was conducted during 2004-2008 in five
urban and five rural regions, selected from China’s nationally representative Disease Surveillance
Points (DSP) system to capture a broad spectrum of socioeconomic factors, risk factor exposures
and disease patterns. All permanent, non-disabled residents from preselected rural villages or urban
committees in each study area were identified from local residential records and invited to
participate. In total, 512,724 participants aged 30-79 years were enrolled (overall response rate
~30%). At local study assessment clinics, trained health professionals administered a laptop-based

questionnaire recording information on sociodemographic characteristics, personal and family



medical history and lifestyle factors (e.g. diet, physical activity, smoking and alcohol consumption).
Participants undertook physical measurements (e.g. blood pressure, anthropometry), a blood sample
was collected from each of them for long-term storage and onsite blood tests including random
plasma glucose levels (Johnson & Johnson SureStep Plus Meter) were conducted. Genotyping data
were available for 100,640 participants and more details on genotyping and quality control have
been described elsewhere®. Two resurveys of 5-6% of randomly selected surviving participants
were conducted using procedures largely identical to those at baseline. Written informed consent
was obtained from all participants. Ethical approval was obtained from the Ethical Review
Committee of the Chinese Centre for Disease Control and Prevention (Beijing, China, 005/2004)

and the Oxford Tropical Research Ethics Committee, University of Oxford (UK, 025-04).

Dietary intake assessment

Information on dietary intake was collected using a validated interviewer-administered laptop-based
questionnaire. This questionnaire aimed to record the habitual consumption frequency (five
categories including daily, 4-6 days/week, 1-3 days/week, monthly or never/rarely) of 12 major
food groups (i.e. rice, wheat products, coarse grain products, red meat, poultry, fish, eggs, total
dairy products, fresh vegetables, preserved vegetables, fresh fruit and soybean products) by the
participants over the preceding year. The reproducibility and validity of the questionnaire was
assessed by a separate validation study that was performed among 432 CKB participants during
2015-2016, with the use of 12-day (four consecutive days from three seasons) -24-hour recalls as
reference. The weighted kappa statistics were 0.82 and 0.75 for reproducibility and validity of total
dairy consumption frequency, demonstrating a good reproducibility and relative validity®.
Furthermore, the second resurvey (2013-2014) that included ~25,000 participants collected daily
portions of each food group and the intake (both frequency and amount) of three subtypes of dairy

products, i.e., cow milk, yoghurt and other dairy products (e.g. cheese and milk powder)*.
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Follow-up for incident type 2 diabetes

The vital status of participants was obtained periodically via China’s DSP system® (annual active
follow-up through local residential records, health insurance data and administrative records
actively confirmed by street committees or village administrators). Additionally, information on
T2D incidence was collected via linkages with chronic disease registries (ischemic heart disease,
stroke, cancer and T2D) and national health insurance claim databases. All events (fatal and non-
fatal) were coded with the use of International Classification of Diseases, 10" Revision (ICD-10).
Incident T2D for the present study included all recorders cases (ICD-10 E10-E14) that occurred
between the ages of 35 and 79 years. By 1 January 2019 (global censoring date), only 3672 (0.8%)

participants were lost to follow-up and they were censored in the prospective analyses.

Statistical analysis

Participants with baseline history of T2D, cardiovascular disease or cancer (n = 51,676) or those
with missing values for BMI (n = 2) were excluded, leaving 461,046 participants in the main
analyses. Cox regression was used to calculate HRs and 95% Cls for T2D incidence in relation to
baseline frequency categories of dairy consumption, stratified by age-at-risk (in 5-year intervals),
sex and region and adjusted for potential confounders including baseline age, education, annual
household income, smoking, alcohol consumption, total physical activity, family history of T2D,
consumption of fresh fruit, red meat, poultry, fish and eggs, hypertension (self-reported
hypertension or mean systolic blood pressure > 140 mmHg or mean diastolic blood pressure > 90
mmHg or use of antihypertensive medication) and BMI. The proportional hazards assumption was
examined by comparing the HRs for the first and second half of the follow-up period, with no
violation being observed. To facilitate comparisons between any two exposure groups rather than

just with an arbitrarily chosen reference group, the floating absolute risk method was used that



provides variance of log risk for each category (including the reference group)'. Analysis was

performed for a two-sided hypothesis test. The statistical package SAS (version 9.4, SAS Institute,

Cary, NC, USA) was used for performing the analyses.
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Ethical approval and informed consent

The CKB complies with all the required ethical standards for medical research on human subjects.
Ethical approvals were granted and have been maintained by the relevant institutional ethical
research committees in the UK and China. Informed consent was obtained from all participants
included in the study.

Data availability

The CKB is a global resource for the investigation of lifestyle, environmental, blood biochemical
and genetic factors as determinants of common diseases. The CKB study group is committed to
making the cohort data available to the scientific community in China, the UK and worldwide to
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advance knowledge about the causes, prevention and treatment of disease. For detailed information
on what data is currently available to open access users and how to apply for it, visit:
https://www.ckbiobank.org/data-access. Researchers who are interested in obtaining the raw data
from the China Kadoorie Biobank study that underlines this paper should contact
ckbaccess@ndph.ox.ac.uk. A research proposal will be requested to ensure that any analysis is
performed by bona fide researchers and - where data is not currently available to open access
researchers - is restricted to the topic covered in this paper.
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