
Vol.:(0123456789)1 3

European Journal of Nutrition 
https://doi.org/10.1007/s00394-022-02954-4

ORIGINAL CONTRIBUTION

Associations between food group intakes and circulating insulin‑like 
growth factor‑I in the UK Biobank: a cross‑sectional analysis

Cody Z. Watling1   · Rebecca K. Kelly1 · Tammy Y. N. Tong1 · Carmen Piernas2,5 · Eleanor L. Watts1 · Sandar Tin Tin1 · 
Anika Knuppel4 · Julie A. Schmidt1,3 · Ruth C. Travis1 · Timothy J. Key1 · Aurora Perez‑Cornago1

Received: 25 March 2022 / Accepted: 5 July 2022 
© The Author(s) 2022

Abstract
Purpose  Circulating insulin-like growth factor-I (IGF-I) concentrations have been positively associated with risk of several 
common cancers and inversely associated with risk of bone fractures. Intakes of some foods have been associated with 
increased circulating IGF-I concentrations; however, evidence remains inconclusive. Our aim was to assess cross-sectional 
associations of food group intakes with circulating IGF-I concentrations in the UK Biobank.
Methods  At recruitment, the UK Biobank participants reported their intake of commonly consumed foods. From these 
questions, intakes of total vegetables, fresh fruit, red meat, processed meat, poultry, oily fish, non-oily fish, and cheese were 
estimated. Serum IGF-I concentrations were measured in blood samples collected at recruitment. After exclusions, a total 
of 438,453 participants were included in this study. Multivariable linear regression was used to assess the associations of 
food group intakes with circulating IGF-I concentrations.
Results  Compared to never consumers, participants who reported consuming oily fish or non-oily fish ≥ 2 times/week had 
1.25 nmol/L (95% confidence interval:1.19–1.31) and 1.16 nmol/L (1.08–1.24) higher IGF-I concentrations, respectively. 
Participants who reported consuming poultry ≥ 2 times/week had 0.87 nmol/L (0.80–0.94) higher IGF-I concentrations 
than those who reported never consuming poultry. There were no strong associations between other food groups and IGF-I 
concentrations.
Conclusions  We found positive associations between oily and non-oily fish intake and circulating IGF-I concentrations. A 
weaker positive association of IGF-I with poultry intake was also observed. Further research is needed to understand the 
mechanisms which might explain these associations.
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Introduction

Insulin-like growth factor-I (IGF-I) is a hormone, primar-
ily produced in the liver, which stimulates cell growth and 
proliferation [1]. In prospective and genetic studies, higher 
circulating IGF-I concentrations have been associated with 
several health outcomes including higher risks of breast, 
colorectal, and prostate cancer [2–6], and higher bone min-
eral density and lower risk of bone fracture [7, 8].

While there is substantial evidence assessing dietary fac-
tors associated with circulating IGF-I concentrations [9–13], 
to date the evidence seems consistent only for dairy prod-
ucts. Previous cross-sectional studies [9–12] and randomised 
controlled trials [14–17], have reported some evidence for 
a positive association between intake of dairy products and 
IGF-I concentrations, which has been proposed to be due 
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to the protein content in dairy products [9, 18]. However, 
intake of dairy products and IGF-I concentrations may vary 
by dairy sources [18, 19] with our previous work assess-
ing nutrient intakes suggesting that intake of protein from 
milk and yogurt, but not cheese, is positively associated with 
IGF-I concentrations [18]. Moreover, it is not well under-
stood whether or how intakes of other protein-rich foods, 
such as red meat, poultry and fish, and other food groups, 
such as fruits and vegetables, relate to circulating IGF-I con-
centrations, with previous studies being limited by relatively 
small sample sizes [9–12].

The UK Biobank cohort study collected dietary infor-
mation and measured serum IGF-I concentrations in blood 
collected at baseline from nearly 500,000 participants in the 
United Kingdom. Using this resource, we conducted a cross-
sectional analysis to assess the associations of selected food 
groups with circulating IGF-I concentrations.

Materials and methods

Study design and participants

Eligible individuals were identified for invitation to par-
ticipate in the UK Biobank (total 9.2 million individuals) 
using the National Health Service patient registers. In total 
503,317 individuals aged 37–73 years consented to enrol 
(5.5% response rate) from 2006 to 2010 [20]. At recruit-
ment, participants attended an assessment centre and pro-
vided informed consent and detailed information about diet, 
lifestyle, sociodemographic, and reproductive factors via a 
touchscreen questionnaire. Anthropometric measurements 
were made using standardized procedures [21], and blood 
samples were taken [22]. Ethical approval was obtained 
from the Northwest Multi-Centre Research Ethics Commit-
tee (reference number 21/NW/0157). A full description of 
the study assessment, protocol, and ethical approval can be 
found on the UK Biobank website [23].

Exclusions

At the time of this analysis, a total of 824 participants had 
withdrawn their informed consent from the study and were 
excluded. Participants were also excluded if they had a 
prevalent cancer at recruitment recorded by a cancer reg-
istry (excluding non-melanoma skin cancer; N = 27,174), 
were taking medications which may alter IGF-I concentra-
tions, such as growth hormone (N = 4077; Supplementary 
Table S1), or did not have a measured value for IGF-I at 
recruitment (N = 32,789). In total, a maximum of 438,453 

participants were included in this analysis (Supplementary 
Figure S1 shows flow chart of exclusions).

Dietary assessment

At recruitment, participants were asked to report how fre-
quently they consumed 14 common foods on a weekly or 
daily basis over the past 12 months as part of a short touch-
screen questionnaire [24]. For the current study, for each of 
the following foods and food groups, participants were cat-
egorised into four groups based on their reported frequency 
of intake: vegetables (raw and cooked), fresh fruit, red meat 
(unprocessed beef, pork, and lamb/mutton), processed meat 
(e.g., bacon, ham, sausages), poultry, oily fish (e.g., sardines, 
salmon, mackerel, herring), non-oily fish (e.g., cod, tinned 
tuna, haddock), and cheese. Cut-offs for categories were 
chosen based on the data distribution of intakes for each 
food group. Further information on calculation of serving 
sizes and categorisation has been reported elsewhere [25, 
26]. Briefly, for consumption of vegetables and fresh fruit, 
participants were asked to enter the number of heaped table-
spoons (for both cooked vegetables and salad/raw vegeta-
bles) or pieces of fruit (with examples as “one apple, one 
banana, 10 grapes” constituting one piece) consumed per 
day. Participants also had the option to select ‘less than one’, 
‘do not know’ or ‘prefer not to answer’ for questions on 
cooked vegetables, raw vegetables, or fresh fruit intake. For 
oily fish, non-oily fish, processed meats, poultry, beef, lamb, 
pork, and cheese, no portion size was given in the question, 
instead, participants were asked how often each item was 
consumed with possible choices being: ‘never, ‘less than 
once a week’, ‘2–4 times a week’, ‘5–6 times a week’, ‘once 
or more daily’, ‘do not know’, or ‘prefer not to answer’. From 
these responses, participants were categorised into intakes 
for each food group based on their reported consumption.

Laboratory analysis

Non-fasting blood samples were collected from nearly all 
participants (99.7%) at the recruitment visit and were trans-
ported at 4 °C to the central laboratory for cryopreservation 
and subsequent biochemical measurements. Serum concen-
trations of IGF-I were measured using the DiaSorin Ltd. 
LIAISON® XL chemiluminescent immunoassay. The coef-
ficient of variation for circulating IGF-I concentrations at 
baseline was 26.5%. Details about assay methods and quality 
control procedures for serum blood measurements are avail-
able online [22].
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Repeat assessment

Participants who lived within a 35 km radius were invited 
to attend a repeat baseline assessment at the UK Biobank 
Centre in Stockport between August 2012 and June 
2013, ~ 4 years after their initial visit. At this repeat base-
line assessment, participants had measurements retaken, 
completed the questionnaire from the recruitment visit, and 
provided a second blood sample. Further information on the 
UK Biobank repeat visit can be found on the UK Biobank 
website [27]. From this follow-up visit, a total of 16,689 
participants had a valid IGF-I concentration measured with 
15,419 participants having both IGF-I measurements. Pear-
son correlations between the baseline IGF-I measurement 
and second measurement for the same individuals were 
r = 0.76 for all, r = 0.77 for men, and r = 0.74 for women.

Statistical analysis

Circulating IGF-I concentrations were logarithmically trans-
formed to minimize the impact of outliers. The geometric 
mean concentrations of IGF-I was obtained within each 
category of intake of food groups from linear regression 
models. To determine relative values, geometric means in 
the other categories were divided by the geometric mean in 
the lowest category.

In minimally adjusted linear regression models, adjust-
ments were made for sex and age at recruitment (< 45, 
45–49, 50–54, 55–59, 60–64, ≥ 65 years). Multivariable 
linear regression models were further adjusted for region 
of recruitment (North-West England, North-Eastern Eng-
land, Yorkshire & the Humber, West Midlands, East Mid-
lands, South-East England, South-West England, Lon-
don, Wales, and Scotland), body mass index (BMI; < 20, 
20–22.49, 22.5–24.9, 25–27.49, 27.5–29.9, 30–32.49, 
32.5–34.9, ≥ 35 kg/m2, and unknown/missing), height (eight 
sex-specific categories increasing by 5 cm, and unknown/
missing), physical activity (low; 0–9.99, medium; 10–49.99, 
high; ≥ 50 metabolic equivalent of task (MET)-hours/week, 
and unknown/missing), Townsend deprivation index (quin-
tiles from most deprived to least deprived, or unknown), 
education (completion of national exam at 16 years of age, 
completion of national exam at 17–18 years of age, college 
or university degree, or unknown/missing), smoking status 
(never, former, light smoker: < 15 cigarettes/day, medium 
smoker: 15–29 cigarettes/day, heavy smoker: ≥ 30 cigarettes/
day, or missing/unknown), alcohol consumption (non-drink-
ers, < 1, 1–9.99, 10–19.99, ≥ 20 g/day or unknown/missing), 
ethnicity (white, mixed race, Indian/Pakistani/Bangladeshi, 
Chinese/Asian, black/black British, other, or missing/
unknown), diabetes (yes, no, unknown), and women-spe-
cific covariates: hormone replacement therapy (HRT) use 
(never, former, current, or unknown), oral contraceptive 

use (never, former, current, or unknown), and menopau-
sal status (premenopausal, postmenopausal, or unknown). 
Further information on categorisation and classification of 
covariates have been described elsewhere [18]. Participants 
who responded as ‘prefer not to answer’ or ‘do not know’ in 
the touchscreen questionnaire for specific food groups were 
excluded from the respective analyses.

Subgroup and sensitivity analyses

Heterogeneity by sex was assessed using a likelihood ratio 
test comparing the multivariable model to a model including 
an interaction term between the food group and sex. Sensi-
tivity analyses were conducted in participants who had IGF-I 
concentrations measured at the reassessment visit (mean 
4.3 years after recruitment).

All analyses were conducted using Stata version 17.0 
(Stata Corp LP, College Station, TX) and figures were pro-
duced using “Jasper makes plots” package version 2–266 in 
R 4.1.0 [28]. P-values were two sided and, with Bonferroni 
correction so that p-values < 0.00625 (0.05/8 exposures) 
were considered statistically significant. As a result of the 
large sample size, most results were statistically significant 
even after correction for multiple testing. As such, only 
the largest percentage differences of IGF-I concentrations 
between highest and lowest categories (~ 5% or greater dif-
ference) have been described in the text. All models were 
visually assessed to make sure residuals were normally 
distributed using Q-Q plots, and not heteroscedastic using 
residual-versus-fitted plots. No assumptions for linear 
regression were deemed to be invalid.

Results

Table 1 shows participant baseline characteristics by quin-
tiles of IGF-I concentrations. Those who had higher IGF-I 
concentrations were more likely to be men, to be younger 
and taller, to have lower BMI, and to report they were never 
smokers.

Figure 1 presents the multivariable adjusted associa-
tions between food group intakes and circulating IGF-I 
concentrations (see Supplementary Figure S2 for mini-
mally adjusted results), and Table 2 presents absolute and 
percentage differences in multivariable adjusted geometric 
mean concentrations of IGF-I between highest and lowest 
categories of food group intake. The largest magnitudes 
of associations with IGF-I were observed for oily fish and 
non-oily fish, where participants who reported consuming 
these foods ≥ 2 times per week had 1.25 nmol/L (95% con-
fidence interval: 1.19–1.31) and 1.16 nmol/L (1.08–1.24) 
higher circulating IGF-I concentrations than never con-
sumers, respectively (Fig. 1 and Table 2). Participants 
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Table 1   Characteristics of participants in UK Biobank by quintiles of circulating IGF-I concentrations (N = 438,453)

Values are mean (SD) unless otherwise indicated, percentages include unknown category for missing data
Percentages calculated including missing values and therefore may not add up to 100%
g grams, HRT hormone replacement therapy, IGF-I insulin-like growth factor-I, N Number of participants, Q quintile, SD standard deviation

Circulating IGF-I

Fifth 1 Fifth 2 Fifth 3 Fifth 4 Fifth 5

Number of participants 87,716 87,686 87,687 87,696 87,668
IGF-I concentration, nmol/L 13.9 (2.2) 18.3 (0.9) 21.3 (0.8) 24.1 (0.9) 29.5 (4.0)
IGF-I concentration at follow-up, nmol/L 15.1 (3.6) 18.5 (3.3) 20.8 (3.4) 23.0 (3.6) 26.9 (5.0)
Sex—Male, N (%) 32,843 (37.4%) 38,985 (44.5%) 42,241 (48.2%) 44,267 (50.5%) 43,563 (49.7%)
Age, years 59.1 (7.1) 57.6 (7.6) 56.4 (7.9) 55.2 (8.2) 53.3 (8.4)
Body mass index, kg/m2 28.6 (5.7) 27.5 (4.9) 27.2 (4.5) 27.0 (4.3) 26.7 (4.1)
Height, cm 166.3 (9.0) 167.9 (9.1) 168.9 (9.2) 169.6 (9.3) 170.0 (9.3)
Physical activity, N (%)
Low 27,983 (31.9%) 25,238 (28.8%) 24,743 (28.2%) 24,279 (27.7%) 24,268 (27.7%)
Moderate 39,236 (44.7%) 41,613 (47.5%) 42,547 (48.5%) 43,413 (49.5%) 44,324 (50.6%)
High 16,609 (18.9%) 17,518 (20.0%) 17,427 (19.9%) 17,262 (19.7%) 16,355 (18.7%)
Townsend deprivation index, N (%)
Q1—Most affluent 15,780 (18.0%) 17,546 (20.0%) 17,959 (20.5%) 18,385 (21.0%) 18,457 (21.1%)
Q5—Most deprived 20,242 (23.1%) 17,454 (19.9%) 16,698 (19.0%) 16,273 (18.6%) 16,277 (18.6%)
Education, N (%)
National examination at age 16 years 15,029 (17.1%) 14,887 (17.0%) 14,650 (16.7%) 14,445 (16.5%) 14,337 (16.4%)
National examination at age 17–18 years 4466 (5.1%) 4671 (5.3%) 4750 (5.4%) 4909 (5.6%) 5234 (6.0%)
College or University degree 46,604 (53.1%) 50,778 (57.9%) 53,306 (60.8%) 54,863 (62.6%) 56,767 (64.8%)
Smoking, N (%)
Never 44,447 (50.7%) 46,438 (53.0%) 47,966 (54.7%) 49,401 (56.3%) 51,656 (58.9%)
Previous 32,797 (37.4%) 31,151 (35.5%) 30,139 (34.4%) 28,923 (33.0%) 26,912 (30.7%)
Light smoker: < 15 cigarettes/day 2835 (3.2%) 2652 (3.0%) 2638 (3.0%) 2543 (2.9%) 2687 (3.1%)
Medium smoker: 15–29 cigarettes/day 3619 (4.1%) 3353 (3.8%) 3003 (3.4%) 2910 (3.3%) 2861 (3.3%)
Heavy smoker: ≥ 30 cigarettes/day 3357 (3.8%) 3563 (4.1%) 3475 (4.0%) 3496 (4.0%) 3170 (3.6%)
Alcohol intake, N (%)
 < 1 g/day 11,842 (13.6%) 9684 (11.1%) 8963 (10.3%) 8921 (10.2%) 9550 (11.0%)
1–9.99 g/day 25,849 (29.7%) 26,400 (30.3%) 27,061 (31.1%) 27,666 (31.7%) 30,219 (34.7%)
10–19.99 g/day 15,965 (18.4%) 18,608 (21.4%) 19,360 (22.2%) 20,318 (23.3%) 20,405 (23.4%)
 ≥ 20 g/day 23,845 (27.4%) 25,549 (29.3%) 25,420 (29.2%) 24,301 (27.9%) 20,830 (23.9%)
None drinkers 9483 (10.9%) 6885 (7.9%) 6342 (7.3%) 5983 (6.9%) 6160 (7.1%)
Ethnicity, N (%)
White 82,375 (93.9%) 82,788 (94.4%) 82,794 (94.4%) 82,664 (94.3%) 82,060 (93.6%)
Mixed Race 463 (0.5%) 485 (0.6%) 525 (0.6%) 514 (0.6%) 629 (0.7%)
Indian/Pakistani 1952 (2.2%) 1424 (1.6%) 1336 (1.5%) 1249 (1.4%) 1124 (1.3%)
Chinese, Asian or other Asian 502 (0.6%) 556 (0.6%) 559 (0.6%) 669 (0.8%) 750 (0.9%)
Black or Black British 1202 (1.4%) 1196 (1.4%) 1284 (1.5%) 1451 (1.7%) 1818 (2.1%)
Other 766 (0.9%) 777 (0.9%) 797 (0.9%) 773 (0.9%) 894 (1.0%)
Diabetes—Yes, N (%) 7068 (8.1%) 4227 (4.8%) 3691 (4.2%) 3431 (3.9%) 3499 (4.0%)
Women-only covariates:
Current HRT users, N (%) 7014 (12.8%) 3714 (7.6%) 3060 (6.7%) 2448 (5.6%) 2144 (4.9%)
Current oral contraceptive pill users, N (%) 370 (0.7%) 522 (1.1%) 685 (1.5%) 947 (2.2%) 1892 (4.3%)
Menopause status at recruitment, N (%)
Premenopausal 4426 (8.1%) 6975 (14.3%) 8945 (19.7%) 11,533 (26.6%) 16,420 (37.2%)
Postmenopausal 46,494 (84.7%) 37,441 (76.9%) 32,244 (70.9%) 27,605 (63.6%) 23,251 (52.7%)
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who reported consuming poultry ≥ 2 times per week had 
0.87 nmol/L (0.80–0.94) higher IGF-I concentrations in 
comparison to participants who said they never consumed 
poultry (Fig. 1 and Table 2). For vegetable and fresh fruit 

intake, small positive associations were observed for 
individuals in the highest category in comparison with 
the lowest category, while no associations were observed 
between intakes of red meat, processed meat, or cheese 
and circulating IGF-I concentrations (Fig. 1).

0.9 1 1.1
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Fig. 1   Food groups derived from the recruitment question-
naire in association with geometric mean concentrations of IGF-I 
(N = 438,453). All models are adjusted for sex, age at recruitment, 
region of recruitment, body mass index, height, physical activity, 
Townsend deprivation index, education, smoking, alcohol consump-

tion, ethnicity, diabetes, and women-specific covariates: hormone 
replacement therapy use, oral contraceptive use, and menopausal sta-
tus. See main text for covariate categories. CI confidence intervals, g 
grams, IGF-I insulin-like growth factor-I, N number of participants, 
ref reference, ser servings
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Subgroup and sensitivity analyses

In subgroup analyses by sex, the directions of the associa-
tions remained the same, although the tests for heterogeneity 
were statistically significant probably due to differences in 
the magnitudes of the associations where associations were 
typically stronger in females (Supplementary Figure S3). 
In sensitivity analyses restricted to participants with IGF-I 
measured ~ 4 years after recruitment, associations of IGF-I 
concentrations ~ 4 years after recruitment with food group 
intake measured at baseline were slightly weaker, although 
differences in intakes of oily fish and non-oily fish remained 
associated with IGF-I concentrations (Table 2 & Supple-
mentary Figure S4).

Discussion

In this cross-sectional analysis of over 430,000 individuals 
in the UK Biobank, we found positive associations between 
intakes of non-oily and oily fish and circulating IGF-I con-
centrations. We also observed a modest positive associa-
tion between intake of poultry and IGF-I concentrations. No 
other strong associations were observed for intakes of fruit, 
vegetables, red meat, processed meat, or cheese and IGF-I 
concentrations.

Fish

Consumption of both oily and non-oily fish was positively 
associated with circulating IGF-I concentrations, which 
is consistent with some previous cross-sectional studies 
assessing intake of fish and IGF-I concentrations [10, 11, 
29], although one study did not find an association [9]. Both 
oily and non-oily fish are good sources of protein, essen-
tial amino acids, and minerals, such as zinc and potassium, 
which have been suggested to be positively associated with 

Table 2   Geometric mean difference and percentage difference of 
IGF-I concentrations comparing the highest category to the low-
est category of food group intake using the baseline IGF-I measure-

ment and in sensitivity analyses using the follow-up IGF-I measure-
ment ~ 4 years after recruitment

All models are adjusted for sex, age at recruitment, region of recruitment, body mass index, height, physical activity, Townsend deprivation 
index, education, smoking, alcohol consumption, ethnicity, diabetes, and women-specific covariates: hormone replacement therapy use, oral 
contraceptive use, and menopausal status. See main text for covariate categories. Bolded values for food groups  indicate a ≥ 5% difference in 
IGF-I concentrations comparing the highest category to the lowest category
CI confidence interval, IGF-I insulin-like growth factor-I, ser servings
1 Baseline IGF-I measurement represents difference in highest category of consumption to the lowest category of consumption by food group in 
Fig. 1
2  Follow-up IGF-I measurement represents difference in highest category of consumption to the lowest category of consumption by food group 
reported at the baseline touchscreen questionnaire (see Supplementary Figure S4)

Food groups (categories) Baseline IGF-I measurement (n = 438,453) Follow-up IGF-I measurement (n = 16,689)

Absolute geometric mean 
difference (nmol/L; 95% 
CI)1

Percentage geometric 
mean difference (95% CI)1

Absolute geometric mean 
difference (nmol/L; 95% 
CI) 2

Percentage geometric mean 
difference (95% CI) 2

Total vegetables (≥ 4 ser/
day vs. < 2 ser/day)

0.44 (0.39 to 0.50) 2.17% (1.92% to 2.42%) 0.17 (− 0.09 to 0.43) 0.84% (− 0.47% to 2.16%)

Fresh fruit (≥ 3 ser/day 
vs. < 1 ser/day)

0.66 (0.60 to 0.72) 3.26% (2.97% to 3.55%) 0.31 (0.00 to 0.63) 1.57% (0.00% to 3.15%)

Total red meat (≥ 3 times/
week vs. < once/week)

0.31 (0.25 to 0.37) 1.50% (1.21% to 1.80%) 0.26 (− 0.05 to 0.56) 1.29% (− 0.23% to 2.81%)

Processed meat (≥ 2 times/
week vs. never)

0.13 (0.07 to 0.19) 0.66% (0.36% to 0.95%) 0.08 (− 0.22 to 0.38) 0.40% (− 1.08% to 1.89%)

Poultry (≥ 2 times/week vs. 
never)

0.87 (0.80 to 0.94) 4.34% (3.98% to 4.70%) 0.71 (0.38 to 1.05) 3.62% (1.91% to 5.34%)

Oily fish (≥ 2 times/week 
vs. never)

1.25 (1.19 to 1.31) 6.26% (5.95% to 6.56%) 1.04 (0.73 to 1.36) 5.35% (3.72% to 6.99%)

Non-oily fish (≥ 2 times/
week vs. never)

1.16 (1.08 to 1.24) 5.85% (5.44% to 6.26%) 0.92 (0.49 to 1.34) 4.73% (2.54% to 6.91%)

Cheese (≥ 5 times/week 
vs. < once/week)

− 0.12 (− 0.18 to − 0.06) − 0.59% (− 0.86% to 
− 0.31%)

− 0.38 (− 0.67 to − 0.09) − 1.84% (− 3.27% to 
− 0.42%)
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IGF-I concentrations [9, 11, 12]. Essential amino acids may 
up-regulate IGF-I mRNA [30] as well as stimulate pathways 
in the liver necessary for IGF-I synthesis [31]. Some previ-
ous studies have also suggested that intake of polyunsatu-
rated fat, potentially exclusively long chain omega-3 fatty 
acids [11], may be related with higher IGF-I concentrations 
[12, 32–34], although the evidence is not consistent [9]. We 
also observed a relatively strong association for intake of 
non-oily fish and IGF-I concentrations, which contains less 
polyunsaturated fat than oily fish. This may suggest that 
polyunsaturated fatty acids in oily fish may not explain the 
association between oily fish intake and IGF-I concentra-
tions, and that other compounds present in fish, such as the 
high protein content, might explain this association.

Meat

In the current analysis, we also observed that intake of poul-
try was positively associated with IGF-I concentrations, 
although this association was weaker than the association 
with fish intake. To our knowledge, the association between 
poultry intake and IGF-I concentrations has been null in 
previous studies [10, 12, 29]. In contrast, intake of red and 
processed meat was not materially associated with IGF-I 
concentrations in this study, which is consistent with previ-
ous studies [10, 11, 13]. It is unclear whether these differ-
ent associations with IGF-I between protein-rich foods are 
attributable to different amino acid compositions or if they 
might be driven by other components(s) in these foods, such 
as their mineral content [11, 12]. The amino acid profiles 
of red meat, poultry, and fish do not differ greatly [35] and 
therefore may not explain the differences in associations 
with IGF-I concentrations. However, mineral contents in 
animal-based foods do differ; for example, fish and poultry 
may have relatively more magnesium than some red meat 
[35], and some evidence has suggested that magnesium 
intake may be positively associated with IGF-I concentra-
tions [10, 12]. Despite this, further research is needed to 
examine how mineral intake may relate to IGF-I concentra-
tions, and whether minerals have independent associations 
beyond the intake of protein-rich foods.

Vegetables and fresh fruit

In this analysis, we observed small positive associations 
for intakes of both vegetables and fresh fruit with IGF-I 
concentrations; however, no significant associations were 
observed in sensitivity analyses using follow-up measure-
ments of IGF-I. Moreover, although these associations were 
statistically significant in our main analyses, the differences 
in IGF-I concentrations between lowest and highest catego-
ries were small (<3.5%); therefore, these results should be 
interpreted cautiously and could also be due to associations 

with other foods. Previous evidence has suggested small 
inverse or null associations of IGF-I with vegetable intake 
[11, 12], whereas, for fruit intake, small positive [12, 36] 
or null[11, 37] associations have been reported and further 
research is needed.

Cheese

No association was observed between cheese intake and 
IGF-I concentration, which is consistent with previous cross-
sectional studies [11, 19, 36]. Despite previous studies show-
ing a positive association between intake of dairy products 
and IGF-I concentrations [9, 11, 19], intake of cheese has not 
been shown to be associated with IGF-I concentrations [18, 
19] suggesting that there may be differences in how dairy 
products are related with IGF-I concentrations. Moreover, 
in a subsample of this cohort comprising 11,815 individu-
als with nutrient intake information, protein from milk and 
yogurt, but not cheese, was associated with IGF-I concentra-
tions [18]. One possible explanation for the absence of an 
association for cheese intake is the removal of the whey frac-
tion in cheese production. The whey fraction contains more 
branched chained amino acids [38], which may be important 
in stimulating IGF-I production [30]. Frequencies of intakes 
of dairy products other than cheese were not asked in the 
recruitment questionnaire in UK Biobank.

This study has some strengths and limitations that 
should be considered. To the best of our knowledge, this 
is the largest analysis assessing food group intakes in rela-
tion to circulating IGF-I concentrations. We were also able 
to test the robustness of our results using the follow-up 
measurement of IGF-I, which was from blood samples 
collected an average of 4.3 years after recruitment of par-
ticipants and results were similar. There are also some 
limitations to consider. Few dietary questions were asked 
at recruitment, therefore not allowing adjustment for total 
energy intake and other nutritional factors, as well as lim-
iting the number of foods that could be assessed in relation 
to IGF-I concentrations in the whole sample. However, 
we did adjust for BMI, height, and physical activity to 
try and control for energy intake. As well, we compared 
differences in IGF-I concentrations between highest and 
lowest categories of food group, which varied in distribu-
tion in the sample and intake amounts between the food 
groups, thus making it difficult to compare the sizes of the 
estimates between different foods. There is also measure-
ment error in dietary intakes estimates as only one ques-
tion was used to determine intakes [26]. As well, we did 
not adjust for other foods in our analysis due to the lim-
ited food groups in the UK Biobank. Due to the observa-
tional nature of the study, associations may be subject to 
unmeasured and residual confounding, and causality can-
not be inferred. Moreover, other components of the IGF 
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signalling pathway, such as IGF-II and the IGF binding 
proteins, which may be important in modulating the effect 
of IGF-I [1], were not measured in this cohort. The UK 
Biobank participants are predominantly white and gener-
ally healthier than the overall UK population [39]; there-
fore, the associations might be influenced by selection 
bias and may not be generalizable to a wider population. 
Although some associations were observed between food 
group intakes and circulating IGF-I concentrations, how 
intakes of these foods relate with IGF-I associated health 
outcomes, such as cancer risk and bone health, is unclear 
[40, 41]. Moreover, intakes of these foods may influence 
health outcomes through other mechanisms external to the 
IGF-I pathway, and thus further research is needed before 
conclusions in relation to disease can be made.

In conclusion, we found positive associations between 
intake of oily fish and non-oily fish and circulating IGF-I 
concentrations. We also observed a modest positive asso-
ciation between poultry intake and IGF-I concentrations, 
whereas there were no other strong associations with 
intakes of vegetables, fruit, red meat, processed meat or 
cheese. Further research assessing how compounds in 
these foods, such as individual amino acids and miner-
als, relate to IGF-I concentrations is warranted. Moreo-
ver, studies using methods that may be less susceptible 
to residual confounding, including large randomised con-
trolled trials using isoenergetic methods, are needed to 
enhance understanding of how dietary components may 
modulate IGF-I concentrations and potentially impact 
health outcomes.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00394-​022-​02954-4.

Acknowledgements  This work has been conducted using the UK 
Biobank Resource under Application Number 24494 and we wish to 
express our gratitude to the participants and those involved in building 
the resource.

Author contributions  A.P.C. and T.J.K. conceived the research. C.Z.W. 
analysed the data and produced the tables and figures. C.Z.W. and 
A.P.C. were responsible for drafting the manuscript. All authors pro-
vided advice on the study design, analysis, and interpretation of the 
results. All authors read and approved the final manuscript.

Funding  This work is supported by the Nuffield Department of Popula-
tion Health Doctor of Philosophy student scholarship and by Cancer 
Research UK (grant number C8221/A29017). RKK is supported by the 
Clarendon Scholarship from the University of Oxford. TYNT is sup-
ported by the Nuffield Department of Population Health Intermediate 
Fellowship and the UK Medical Research Council (MR/M012190/1). 
CP is supported by the Oxford and Thames Valley NIHR Applied 
Research Centre and the Ramon y Cajal Fellowship, Spanish State 
Plan for Scientific and Technical Research and Innovation 2017–2020 
(RYC2020-028818-I). STT is supported by the Girdlers’ New Zealand 
Health Research Council Fellowship (19/031). AK was supported by 
the Wellcome Trust, Our Planet Our Health (Livestock, Environment 

and People – LEAP; 205212/Z/16/Z). APC is supported by a Cancer 
Research UK Population Research Fellowship (C60192/A28516) and 
by the World Cancer Research Fund (WCRF UK), as part of the Word 
Cancer Research Fund International grant programme (2019/1953).

Data availability  UK Biobank is an open access resource. Bona fide 
researchers can apply to use the UK Biobank dataset by registering and 
applying at http://​ukbio​bank.​ac.​uk/​regis​ter-​apply/.

Declarations 

Conflict of interest  All authors report no conflict of interest to disclose.

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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Pollak M (2008) Insulin and insulin-like growth factor signal-
ling in neoplasia. Nat Rev Cancer 8(12):915–928. https://​doi.​
org/​10.​1038/​nrc25​36

	 2.	 The Endogenous Hormones and Breast Cancer Collaborative 
Group (2010) Insulin-like growth factor 1 (IGF1), IGF bind-
ing protein 3 (IGFBP3), and breast cancer risk: pooled indi-
vidual data analysis of 17 prospective studies. Lancet Oncol 
11(6):530–542. https://​doi.​org/​10.​1016/​S1470-​2045(10)​
70095-4

	 3.	 Travis RC, Appleby PN, Martin RM, Holly JMP, Albanes D, 
Black A, Bueno-de-Mesquita HBA, Chan JM, Chen C, Chirlaque 
M-D, Cook MB, Deschasaux M, Donovan JL, Ferrucci L, Galan 
P, Giles GG, Giovannucci EL, Gunter MJ, Habel LA, Hamdy FC, 
Helzlsouer KJ, Hercberg S, Hoover RN, Janssen JAMJL, Kaaks R, 
Kubo T, Le Marchand L, Metter EJ, Mikami K, Morris JK, Neal 
DE, Neuhouser ML, Ozasa K, Palli D, Platz EA, Pollak M, Price 
AJ, Roobol MJ, Schaefer C, Schenk JM, Severi G, Stampfer MJ, 
Stattin P, Tamakoshi A, Tangen CM, Touvier M, Wald NJ, Weiss 
NS, Ziegler RG, Key TJ, Allen NE (2016) A meta-analysis of indi-
vidual participant data reveals an association between circulating 
levels of IGF-I and prostate cancer risk. Cancer Res 76(8):2288–
2300. https://​doi.​org/​10.​1158/​0008-​5472.​CAN-​15-​1551

	 4.	 Renehan AG, Zwahlen M, Minder C, O’Dwyer ST, Shalet SM, 
Egger M (2004) Insulin-like growth factor (IGF)-I, IGF binding 
protein-3, and cancer risk: systematic review and meta-regres-
sion analysis. Lancet 363(9418):1346–1353. https://​doi.​org/​10.​
1016/​S0140-​6736(04)​16044-3

	 5.	 Murphy N, Knuppel A, Papadimitriou N, Martin RM, Tsilidis 
KK, Smith-Byrne K, Fensom G, Perez-Cornago A, Travis 
RC, Key TJ, Gunter MJ (2020) Insulin-like growth factor-1, 
insulin-like growth factor-binding protein-3, and breast cancer 
risk: observational and Mendelian randomization analyses with 
~430 000 women. Ann Oncol 31(5):641–649. https://​doi.​org/​10.​
1016/j.​annonc.​2020.​01.​066

https://doi.org/10.1007/s00394-022-02954-4
http://ukbiobank.ac.uk/register-apply/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nrc2536
https://doi.org/10.1038/nrc2536
https://doi.org/10.1016/S1470-2045(10)70095-4
https://doi.org/10.1016/S1470-2045(10)70095-4
https://doi.org/10.1158/0008-5472.CAN-15-1551
https://doi.org/10.1016/S0140-6736(04)16044-3
https://doi.org/10.1016/S0140-6736(04)16044-3
https://doi.org/10.1016/j.annonc.2020.01.066
https://doi.org/10.1016/j.annonc.2020.01.066


European Journal of Nutrition	

1 3

	 6.	 Murphy N, Carreras-Torres R, Song M, Chan AT, Martin RM, 
Papadimitriou N, Dimou N, Tsilidis KK, Banbury B, Bradbury 
KE, Besevic J, Rinaldi S, Riboli E, Cross AJ, Travis RC, Agnoli 
C, Albanes D, Berndt SI, Bézieau S, Bishop DT, Brenner H, 
Buchanan DD, Onland-Moret NC, Burnett-Hartman A, Camp-
bell PT, Casey G, Castellví-Bel S, Chang-Claude J, Chirlaque 
M-D, de la Chapelle A, English D, Figueiredo JC, Gallinger SJ, 
Giles GG, Gruber SB, Gsur A, Hampe J, Hampel H, Harrison 
TA, Hoffmeister M, Hsu L, Huang W-Y, Huyghe JR, Jenkins MA, 
Keku TO, Kühn T, Kweon S-S, Le Marchand L, Li CI, Li L, Lind-
blom A, Martín V, Milne RL, Moreno V, Newcomb PA, Offit K, 
Ogino S, Ose J, Perduca V, Phipps AI, Platz EA, Potter JD, Qu C, 
Rennert G, Sakoda LC, Schafmayer C, Schoen RE, Slattery ML, 
Tangen CM, Ulrich CM, van Duijnhoven FJB, Van Guelpen B, 
Visvanathan K, Vodicka P, Vodickova L, Vymetalkova V, Wang 
H, White E, Wolk A, Woods MO, Wu AH, Zheng W, Peters U, 
Gunter MJ (2020) Circulating levels of insulin-like growth factor 
1 and insulin-like growth factor binding protein 3 associate with 
risk of colorectal cancer based on serologic and mendelian rand-
omization analyses. Gastroenterology 158(5):1300-1312.e1320. 
https://​doi.​org/​10.​1053/j.​gastro.​2019.​12.​020

	 7.	 Yuan S, Wan Z-H, Cheng S-L, Michaëlsson K, Larsson SC (2021) 
Insulin-like growth factor-1, bone mineral density, and fracture: 
a mendelian randomization study. J Clin Endocrinol Metab 
106(4):e1552–e1558. https://​doi.​org/​10.​1210/​clinem/​dgaa9​63

	 8.	 Garnero P, Sornay-Rendu E, Delmas PD (2000) Low serum 
IGF-1 and occurrence of osteoporotic fractures in postmeno-
pausal women. Lancet 355(9207):898–899. https://​doi.​org/​10.​
1016/​S0140-​6736(99)​05463-X

	 9.	 Crowe FL, Key TJ, Allen NE, Appleby PN, Roddam A, Overvad 
K, Grønbaek H, Tjønneland A, Halkjaer J, Dossus L, Boeing H, 
Kröger J, Trichopoulou A, Dilis V, Trichopoulos D, Boutron-
Ruault M-C, De Lauzon B, Clavel-Chapelon F, Palli D, Berrino 
F, Panico S, Tumino R, Sacerdote C, Bueno-de-Mesquita HB, 
Vrieling A, van Gils CH, Peeters PHM, Gram IT, Skeie G, Lund 
E, Rodríguez L, Jakszyn P, Molina-Montes E, Tormo MJ, Bar-
ricarte A, Larrañaga N, Khaw K-T, Bingham S, Rinaldi S, Sli-
mani N, Norat T, Gallo V, Riboli E, Kaaks R (2009) The associa-
tion between diet and serum concentrations of IGF-I, IGFBP-1, 
IGFBP-2, and IGFBP-3 in the European Prospective Investiga-
tion into Cancer and Nutrition. Cancer Epidemiol Biomarkers 
Prev 18(5):1333–1340. https://​doi.​org/​10.​1158/​1055-​9965.​
EPI-​08-​0781

	10.	 Giovannucci E, Pollak M, Liu Y, Platz EA, Majeed N, Rimm EB, 
Willett WC (2003) Nutritional predictors of insulin-like growth 
factor I and their relationships to cancer in men. Cancer Epidemiol 
Biomarkers Prev 12(2):84–89

	11.	 Holmes MD, Pollak MN, Willett WC, Hankinson SE (2002) Die-
tary correlates of plasma insulin-like growth factor I and insulin-
like growth factor binding protein 3 concentrations. Cancer Epi-
demiol Biomarkers Prev 11(9):852–861

	12.	 Norat T, Dossus L, Rinaldi S, Overvad K, Grønbæk H, Tjøn-
neland A, Olsen A, Clavel-Chapelon F, Boutron-Ruault MC, 
Boeing H, Lahmann PH, Linseisen J, Nagel G, Trichopoulou A, 
Trichopoulos D, Kalapothaki V, Sieri S, Palli D, Panico S, Tumino 
R, Sacerdote C, Bueno-de-Mesquita HB, Peeters PHM, van Gils 
CH, Agudo A, Amiano P, Ardanoz E, Martinez C, Quirós R, 
Tormo MJ, Bingham S, Key TJ, Allen NE, Ferrari P, Slimani N, 
Riboli E, Kaaks R (2007) Diet, serum insulin-like growth factor-I 
and IGF-binding protein-3 in European women. Eur J Clin Nutr 
61(1):91–98. https://​doi.​org/​10.​1038/​sj.​ejcn.​16024​94

	13.	 Young NJ, Metcalfe C, Gunnell D, Rowlands MA, Lane JA, Gil-
bert R, Avery KN, Davis M, Neal DE, Hamdy FC, Donovan J, 
Martin RM, Holly JM (2012) A cross-sectional analysis of the 
association between diet and insulin-like growth factor (IGF)-I, 

IGF-II, IGF-binding protein (IGFBP)-2, and IGFBP-3 in men 
in the United Kingdom. Cancer Causes Control 23(6):907–917. 
https://​doi.​org/​10.​1007/​s10552-​012-​9961-6

	14.	 Manios Y, Moschonis G, Trovas G, Lyritis GP (2007) Changes in 
biochemical indexes of bone metabolism and bone mineral density 
after a 12-mo dietary intervention program: the Postmenopausal 
Health Study. Am J Clin Nutr 86(3):781–789. https://​doi.​org/​10.​
1093/​ajcn/​86.3.​781

	15.	 Trombetti A, Carrier E, Perroud A, Lang F, Herrmann FR, Rizzoli 
R (2016) Influence of a fermented protein-fortified dairy product 
on serum insulin-like growth factor-I in women with anorexia ner-
vosa: A randomized controlled trial. Clin Nutr 35(5):1032–1038. 
https://​doi.​org/​10.​1016/j.​clnu.​2015.​10.​014

	16.	 Iuliano S, Poon S, Robbins J, Bui M, Wang X, De Groot L, Van 
Loan M, Zadeh AG, Nguyen T, Seeman E (2021) Effect of dietary 
sources of calcium and protein on hip fractures and falls in older 
adults in residential care: cluster randomised controlled trial. BMJ 
375:n2364. https://​doi.​org/​10.​1136/​bmj.​n2364

	17.	 Harrison S, Lennon R, Holly J, Higgins JPT, Gardner M, Perks 
C, Gaunt T, Tan V, Borwick C, Emmet P, Jeffreys M, North-
stone K, Rinaldi S, Thomas S, Turner SD, Pease A, Vilenchick 
V, Martin RM, Lewis SJ (2017) Does milk intake promote pros-
tate cancer initiation or progression via effects on insulin-like 
growth factors (IGFs)? A systematic review and meta-analysis. 
Cancer Causes Control 28(6):497–528. https://​doi.​org/​10.​1007/​
s10552-​017-​0883-1

	18.	 Watling CZ, Kelly RK, Tong TYN, Piernas C, Watts EL, Tin Tin 
S, Knuppel A, Schmidt JA, Travis RC, Key TJ, Perez-Cornago 
A (2021) Associations of circulating insulin-like growth factor-I 
with intake of dietary proteins and other macronutrients. Clin Nutr 
40(7):4685–4693. https://​doi.​org/​10.​1016/j.​clnu.​2021.​04.​021

	19.	 Romo Ventura E, Konigorski S, Rohrmann S, Schneider H, 
Stalla GK, Pischon T, Linseisen J, Nimptsch K (2019) Asso-
ciation of dietary intake of milk and dairy products with blood 
concentrations of insulin-like growth factor 1 (IGF-1) in Bavar-
ian adults. Eur J Nutr 59:1413–1420. https://​doi.​org/​10.​1007/​
s00394-​019-​01994-7

	20.	 Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, 
Downey P, Elliott P, Green J, Landray M, Liu B, Matthews P, Ong 
G, Pell J, Silman A, Young A, Sprosen T, Peakman T, Collins R 
(2015) UK biobank: an open access resource for identifying the 
causes of a wide range of complex diseases of middle and old age. 
PLoS Med 12(3):e1001779–e1001779. https://​doi.​org/​10.​1371/​
journ​al.​pmed.​10017​79

	21.	 UK Biobank (2014) Anthropometry. http://​bioba​nk.​ctsu.​ox.​ac.​uk/​
cryst​al/​cryst​al/​docs/​Anthr​opome​try.​pdf. Accessed 15 Feb 2022

	22.	 UK Biobank (2019) UK Biobank Biomarker Project - Companion 
Document to Accompany Serum Biomarker Data. https://​bioba​nk.​
ndph.​ox.​ac.​uk/​showc​ase/​showc​ase/​docs/​serum_​bioch​emist​ry.​pdf. 
Accessed 20 Apr 2021

	23.	 UK Biobank About us. https://​www.​ukbio​bank.​ac.​uk/​learn-​more-​
about-​uk-​bioba​nk/​about-​us. Accessed 01 Mar 2022

	24.	 UK Biobank Touchscreen Questionnaire. https://​www.​ukbio​bank.​
ac.​uk/​wp-​conte​nt/​uploa​ds/​2019/​09/​Touch​screen-​quest​ionna​ire-​
for-​websi​te_​Copyr​ight.​pdf.

	25.	 Bradbury KE, Murphy N, Key TJ (2019) Diet and colorectal 
cancer in UK Biobank: a prospective study. Int J Epidemiol 
49(1):246–258. https://​doi.​org/​10.​1093/​ije/​dyz064

	26.	 Bradbury KE, Young HJ, Guo W, Key TJ (2018) Dietary assess-
ment in UK Biobank: an evaluation of the performance of the 
touchscreen dietary questionnaire. J Nutr Sci 7:e6–e6. https://​doi.​
org/​10.​1017/​jns.​2017.​66

	27.	 UK Biobank Repeat assessment. https://​bioba​nk.​ctsu.​ox.​ac.​uk/​
~bbdat​an/​Repeat_​asses​sment_​doc_​v1.0.​pdf. Accessed 01 Mar 
2022

https://doi.org/10.1053/j.gastro.2019.12.020
https://doi.org/10.1210/clinem/dgaa963
https://doi.org/10.1016/S0140-6736(99)05463-X
https://doi.org/10.1016/S0140-6736(99)05463-X
https://doi.org/10.1158/1055-9965.EPI-08-0781
https://doi.org/10.1158/1055-9965.EPI-08-0781
https://doi.org/10.1038/sj.ejcn.1602494
https://doi.org/10.1007/s10552-012-9961-6
https://doi.org/10.1093/ajcn/86.3.781
https://doi.org/10.1093/ajcn/86.3.781
https://doi.org/10.1016/j.clnu.2015.10.014
https://doi.org/10.1136/bmj.n2364
https://doi.org/10.1007/s10552-017-0883-1
https://doi.org/10.1007/s10552-017-0883-1
https://doi.org/10.1016/j.clnu.2021.04.021
https://doi.org/10.1007/s00394-019-01994-7
https://doi.org/10.1007/s00394-019-01994-7
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1371/journal.pmed.1001779
http://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/Anthropometry.pdf
http://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/Anthropometry.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/serum_biochemistry.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/serum_biochemistry.pdf
https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us
https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us
https://www.ukbiobank.ac.uk/wp-content/uploads/2019/09/Touchscreen-questionnaire-for-website_Copyright.pdf
https://www.ukbiobank.ac.uk/wp-content/uploads/2019/09/Touchscreen-questionnaire-for-website_Copyright.pdf
https://www.ukbiobank.ac.uk/wp-content/uploads/2019/09/Touchscreen-questionnaire-for-website_Copyright.pdf
https://doi.org/10.1093/ije/dyz064
https://doi.org/10.1017/jns.2017.66
https://doi.org/10.1017/jns.2017.66
https://biobank.ctsu.ox.ac.uk/~bbdatan/Repeat_assessment_doc_v1.0.pdf
https://biobank.ctsu.ox.ac.uk/~bbdatan/Repeat_assessment_doc_v1.0.pdf


	 European Journal of Nutrition

1 3

	28.	 Matt Arnold (2020) Jasper: Jasper makes plots. R package version 
2–266. https://​github.​com/​arnhe​w99/​Jasper.

	29.	 Larsson SC, Wolk K, Brismar K, Wolk A (2005) Association of 
diet with serum insulin-like growth factor I in middle-aged and 
elderly men. Am J Clin Nutr 81(5):1163–1167. https://​doi.​org/​10.​
1093/​ajcn/​81.5.​1163

	30.	 Thissen JP, Pucilowska JB, Underwood LE (1994) Differential 
regulation of insulin-like growth factor I (IGF-I) and IGF binding 
protein-1 messenger ribonucleic acids by amino acid availability 
and growth hormone in rat hepatocyte primary culture. Endocri-
nology 134(3):1570–1576. https://​doi.​org/​10.​1210/​endo.​134.3.​
75097​41

	31.	 Wan X, Wang S, Xu J, Zhuang L, Xing K, Zhang M, Zhu X, 
Wang L, Gao P, Xi Q, Sun J, Zhang Y, Li T, Shu G, Jiang Q 
(2017) Dietary protein-induced hepatic IGF-1 secretion mediated 
by PPARγ activation. PLoS ONE 12(3):e0173174. https://​doi.​org/​
10.​1371/​journ​al.​pone.​01731​74

	32.	 Gunnell D, Oliver SE, Peters TJ, Donovan JL, Persad R, Maynard 
M, Gillatt D, Pearce A, Hamdy FC, Neal DE, Holly JMP (2003) 
Are diet–prostate cancer associations mediated by the IGF axis? 
A cross-sectional analysis of diet, IGF-1 and IGFBP-3 in healthy 
middle-aged men. Br J Cancer 88(11):1682–1686. https://​doi.​org/​
10.​1038/​sj.​bjc.​66009​46

	33.	 Baibas N, Bamia C, Vassilopoulou E, Sdrolias J, Trichopoulou A, 
Trichopoulos D (2003) Dietary and lifestyle factors in relation to 
plasma insulin-like growth factor I in a general population sample. 
Eur J Cancer Prev 12(3):229–234. https://​doi.​org/​10.​1097/​00008​
469-​20030​6000-​00010

	34.	 Damsgaard CT, Mølgaard C, Matthiessen J, Gyldenløve SN, Lau-
ritzen L (2012) The effects of n-3 long-chain polyunsaturated fatty 
acids on bone formation and growth factors in adolescent boys. 
Pediatr Res 71(6):713–719. https://​doi.​org/​10.​1038/​pr.​2012.​28

	35.	 U.S. Department of Agriculture (2019) Agricultural Research 
Service. FoodData Central. https://​fdc.​nal.​usda.​gov/. Accessed 
01 Mar 2022

	36.	 Maruyama K, Iso H, Ito Y, Watanabe Y, Inaba Y, Tajima K, 
Nakachi K, Tamakoshi A (2009) Associations of food and nutri-
ent intakes with serum IGF-I, IGF-II, IGFBP-3, TGF-b1, total 
SOD activity and sFas levels among middle-aged Japanese: 
the Japan Collaborative Cohort study. Asian Pac J Cancer Prev 
10(Suppl):7–22

	37.	 Tran CD, Diorio C, Bérubé S, Pollak M, Brisson J (2006) Relation 
of insulin-like growth factor (IGF) I and IGF-binding protein 3 
concentrations with intakes of fruit, vegetables, and antioxidants. 
Am J Clin Nutr 84(6):1518–1526. https://​doi.​org/​10.​1093/​ajcn/​
84.6.​1518

	38.	 Gorissen SHM, Crombag JJR, Senden JMG, Waterval WAH, 
Bierau J, Verdijk LB, van Loon LJC (2018) Protein content and 
amino acid composition of commercially available plant-based 
protein isolates. Amino Acids 50(12):1685–1695. https://​doi.​org/​
10.​1007/​s00726-​018-​2640-5

	39.	 Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen 
T, Collins R, Allen NE (2017) Comparison of sociodemographic 
and health-related characteristics of UK Biobank participants with 
those of the general population. Am J Epidemiol 186(9):1026–
1034. https://​doi.​org/​10.​1093/​aje/​kwx246

	40.	 Farina EK, Kiel DP, Roubenoff R, Schaefer EJ, Cupples LA, 
Tucker KL (2011) Protective effects of fish intake and interactive 
effects of long-chain polyunsaturated fatty acid intakes on hip 
bone mineral density in older adults: the Framingham Osteopo-
rosis Study. Am J Clin Nutr 93(5):1142–1151. https://​doi.​org/​10.​
3945/​ajcn.​110.​005926

	41.	 World Cancer Research Fund/ American Institute for Cancer 
Research. Continuous Update Project Expert Report (2018) Diet, 
nutrition, physical activity and cancer risk.

https://github.com/arnhew99/Jasper
https://doi.org/10.1093/ajcn/81.5.1163
https://doi.org/10.1093/ajcn/81.5.1163
https://doi.org/10.1210/endo.134.3.7509741
https://doi.org/10.1210/endo.134.3.7509741
https://doi.org/10.1371/journal.pone.0173174
https://doi.org/10.1371/journal.pone.0173174
https://doi.org/10.1038/sj.bjc.6600946
https://doi.org/10.1038/sj.bjc.6600946
https://doi.org/10.1097/00008469-200306000-00010
https://doi.org/10.1097/00008469-200306000-00010
https://doi.org/10.1038/pr.2012.28
https://fdc.nal.usda.gov/
https://doi.org/10.1093/ajcn/84.6.1518
https://doi.org/10.1093/ajcn/84.6.1518
https://doi.org/10.1007/s00726-018-2640-5
https://doi.org/10.1007/s00726-018-2640-5
https://doi.org/10.1093/aje/kwx246
https://doi.org/10.3945/ajcn.110.005926
https://doi.org/10.3945/ajcn.110.005926

	Associations between food group intakes and circulating insulin-like growth factor-I in the UK Biobank: a cross-sectional analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and participants
	Exclusions
	Dietary assessment
	Laboratory analysis
	Repeat assessment
	Statistical analysis
	Subgroup and sensitivity analyses

	Results
	Subgroup and sensitivity analyses

	Discussion
	Fish
	Meat
	Vegetables and fresh fruit
	Cheese

	Acknowledgements 
	References




