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Abstract

Objective To develop an evidence-based and simple screening tool to estimate calcium intake in pregnant women, suitable for

use in daily clinical practice. Design Cross-sectional analysis within a cohort study Population and setting We extracted

all data from the Rotterdam Periconceptional cohort (PREDICT study) conducted at the Erasmus MC, University Medical

Centre in Rotterdam, the Netherlands, between November 2014 and December 2020. Methods Data was extracted from food

frequency questionnaires. The estimated average requirement of 750 m/day was defined as the lower limit for an adequate

calcium intake. We created a prediction model, using multivariable binary logistic regression with backward stepwise selection.

We developed a simple screening tool based on the prediction model. Main outcome measures Probability of adequate

calcium intake Results 694 participants are included, of which 201 (29%) had an adequate calcium intake. Total daily or

weekly intakes of cheese, milk, and yogurt or curd were selected as predictors for the prediction model. The model had excellent

discrimination (AUC 0.858), a good fit (Brier score 0.136, HL statistic p=0.499) and satisfactory calibration. The test accuracy

measures were: sensitivity 80.9%, specificity 77.1%, PPV 89.7%, NPV 62.2%. A color coded digital screening tool was developed

for use in clinical practice. Conclusions This evidence-based and simple screening tool is a reliable and efficient instrument

to predict inadequate calcium intakes in pregnancy, which can easily be incorporated in daily clinical practice and existing

pregnancy coaching platforms.
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ABSTRACT

Objective

To develop an evidence-based and simple screening tool to estimate calcium intake in pregnant women,
suitable for use in daily clinical practice.

Design

Cross-sectional analysis within a cohort study

Population and setting

We extracted all data from the Rotterdam Periconceptional cohort (PREDICT study) conducted at the Eras-
mus MC, University Medical Centre in Rotterdam, the Netherlands, between November 2014 and December
2020.

Methods

Data was extracted from food frequency questionnaires. The estimated average requirement of 750 m/day was
defined as the lower limit for an adequate calcium intake. We created a prediction model, using multivariable
binary logistic regression with backward stepwise selection. We developed a simple screening tool based on
the prediction model.

Main outcome measures

Probability of adequate calcium intake

Results

694 participants are included, of which 201 (29%) had an adequate calcium intake. Total daily or weekly
intakes of cheese, milk, and yogurt or curd were selected as predictors for the prediction model. The model had
excellent discrimination (AUC 0.858), a good fit (Brier score 0.136, HL statistic p=0.499) and satisfactory
calibration. The test accuracy measures were: sensitivity 80.9%, specificity 77.1%, PPV 89.7%, NPV 62.2%.
A color coded digital screening tool was developed for use in clinical practice.

Conclusions

This evidence-based and simple screening tool is a reliable and efficient instrument to predict inadequate cal-
cium intakes in pregnancy, which can easily be incorporated in daily clinical practice and existing pregnancy
coaching platforms.

Funding

The study was funded by the department of Obstetrics and Gynaecology of the Erasmus MC.

Keywords

Calcium, pregnant women, dietary intake, screening, prediction

INTRODUCTION

Managing adequate intakes of calcium during pregnancy is important in several physiological processes, and
reduces the risk of perinatal adverse events such as hypertensive disorders and preterm birth. (1-3) The
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recommended daily intake (RDI) of calcium is 1000 mg/day for all women of childbearing age. (1) Calcium
demands increase substantially during pregnancy, but are met by an increased intestinal absorption, renal
reabsorption and mobilization from the maternal skeleton, mediated mostly by an increase in PTH and IGF-I
over the course of pregnancy. (4-6) However, these measures are insufficient to compensate for an inadequate
intake. Adult women of childbearing age (18-50) have remarkably low intakes of calcium. 22.7-44.5% of
women in the Netherlands consume less than the estimated average requirement (EAR) of 750 mg/day. (7)
In the UK, 6-8% of women of childbearing age consume even less than the lower reference nutrient intake
(LRNI) of 400mg/day. (8) Individuals habitually consuming less than the LRNI are almost certainly deficient
of the nutrient concerned. (9) The EAR and recommended daily intake (RDI) are further explained in the
supplement.

Calcium supplementation starting from the second or third trimester in women with chronically low intakes
reduces risks of gestational hypertension and preeclampsia, with estimated risk reductions of 30% and 50%,
respectively. (2, 3, 10) The WHO and Dutch guidelines for pregnancy consultation therefore recommend
daily calcium supplementation starting from the 20th week of gestation in women with an inadequate intake.
(11, 12) Due to tight regulation of serum calcium levels (2.10-2.55 mmol/L) (13)), there is poor association
between dietary and total calcium serum levels. (5, 14) Hence, nutritional screening is the only appropriate
method to assess calcium intake. During regular maternal outpatient clinic visits there is neither time nor
expertise for elaborate dietary assessments. A simple screening tool for calcium intake could offer a solution,
and contribute to better care and prevention through early detection and intervention in women at risk
of having an inadequate intake, and with that the improvement of perinatal outcomes and maternal-fetal
health. A digital screening tool could also contribute to improved self-management in periconceptional care,
by enabling women to assess and improve their own calcium intake, and with that leading to greater health
care efficiency and maternal and perinatal outcomes.

To our best knowledge, no studies have been conducted on the development of a calcium-specific FFQ or a
prediction model to assess calcium intake in pregnancy. We hypothesize that intake of an adequate amount
of calcium can accurately be predicted by a limited number of products.

Therefore, the aim of this study is to develop an effective and simple digital screening tool based on a
prediction model for calcium intake in pregnancy, that is suitable for making accurate individual predictions
with a minimal number of predictors and can be integrated in existing pregnancy health platforms (e.g.
Smarter Pregnancy) to be used by both clinicians and women who are or are planning to become pregnant.

METHODS

Study design and population

Our study was conducted in the ongoing Rotterdam Periconceptional cohort (Predict study), a tertiary
hospital based, prospective observational study that was set up in 2009 to investigate maternal and paternal
periconceptional health and the impact on reproduction, pregnancy and neonatal outcomes. (15, 16) At
study entry, pregnant couples fill out an extensive online questionnaire including a study-specific 196-item
food frequency questionnaire (FFQ) for information about parental dietary patterns. Data collected from
November 2014 up until December 2020 was available for analysis. During this period, a total of 2637 female
participants were included in the Predict study, of which 1043 did not submit an FFQ. We calculated the
outcome events per predictor variable (EPV) to estimate adequacy of the sample size. (17)

Eligibility criteria

The only inclusion criterion was availability of a completed FFQ. Participants with incomplete FFQs were
omitted from any type of analysis. We used the Goldberg cutoff, based on individual basal metabolic rates
(BMR) and physical activity levels (PAL), to identify participants with FFQs that were subject to significant
underreporting of dietary intake. These records were excluded from analysis. (18)

Primary outcome

3
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The FFQ output generates individual nutrition scores in mg or μg per day for each micronutrient, including
calcium. We defined the EAR of 750 mg/day as the lower limit for an adequate calcium intake, since
this intake value is most relevant to detect individuals at risk for deficiencies, while leaving a sizeable
margin between the limit intake and dangerously low intakes. (1, 7, 19) The primary outcome was set as a
dichotomous variable, with calcium intakes being either above (adequate) or below (inadequate) the limit of
750 mg/day.

Predictors

We searched the FFQs for frequently consumed sources of calcium, using the Dutch Nutrient Database
(NEVO) (20) as a reference for information on nutritional values, and the Dutch National Food Consumption
survey (7) for information on frequently consumed sources of calcium by women of reproductive age. Food
categories that are listed as a main dietary source of calcium (e.g., cheese, milk) were included as potential
predictors, along with subcategories that had higher calcium contents than the total category average (e.g.,
low fat cheese contains more calcium than the average kind of cheese,). Predictors were included in statistical
analysis when the calcium content for each product serving was at least 10% of the RDI (100 of 1000mg/day).

Statistical analysis

Model development

A prediction model was developed using multivariable binary logistic regression with backward stepwise
selection, excluding variables with p-values > 0.10. We excluded predictors with less than 0.010 contribution
to total model performance, expressed in area under the ROC curve (AUC). Categories were only replaced
by calcium richer subcategories when substitution led to an increase in AUC. We used the final regression
output to calculate individual probabilities of having an adequate calcium intake.

Model discrimination was assessed using the AUC. We used the Hosmer and Lemeshow test and Brier score
as measures for goodness of fit. Internal validity was assessed through a bootstrapping procedure using 5
bootstrap samples, resulting in optimism corrected estimates of model performance, which are presented in
the results section. Model calibration was assessed by a calibration plot, comparing the predicted probabilities
of having an adequate calcium intake with the actual proportion of participants with an adequate intake.

Screening tool

The optimal cut off value for the model positivity criterion was determined by comparison of test classifica-
tion measures (sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV)) at
different cut off values. We prioritized PPV and specificity over NPV and sensitivity, in order to minimize
the number of women that are erroneously classified as having an adequate intake. A positive test result
indicated an adequate calcium intake.

Finally, we combined the probability scores resulting from the prediction model into a risk assessment table
with corresponding predictors and their intake frequency ranges. Risk scores were color coded for high (red),
medium (orange) and low (green) probabilities of having an inadequate calcium intake.

RESULTS

Case selection

1594 Participants completed their FFQs, 595 participants were excluded due to significant underreporting
of caloric intake according to the Goldberg cutoff, 268 participants were excluded because of missing data,
and 37 first trimester FFQs were detected as duplicates due to participants’ prior participation in the
preconceptional study, leaving a total of 694 FFQs for analysis (Figure 1).

General participant characteristics

Participant characteristics are displayed in Table 1. The mean age was 32.8 (±4.37) years, the mean BMI was
24.1 (±3.98) and the mean daily caloric intake 2127 (±531) kCal. Most participants were of Dutch ethnicity

4
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(n=453). 278 (40.1%) participants had calcium intakes at or above the RDI of 1000 mg/day. Twenty-nine
percent of participants consumed less than the EAR, and 5% of participants consumed less than 500 mg/day.
Participants who were excluded due to significant underreporting of caloric intake reported an average daily
caloric intake of 1256 kCal (±339). The group of excluded participants was on average 0.8 years younger
(p=0.004), had a higher mean BMI by 2.8 points (p<0.001) than the included participants, and had a smaller
proportion of higher educated participants (56% vs. 63%; p=0.023).

Predictors

Examination of the FFQ and NEVO resulted in the following food categories and subcategories as poten-
tial predictors: cheese; low or medium fat cheeses; yogurt or curd; milk; soy milk, drinks or dessert; meat
substitutes; dairy drinks; fish; smoked, steamed or canned fish; vegetables; green leafy vegetables; nuts and
seeds. Table 2 displays the calcium contents of each potential predictor per 100g and per serving, and the
percentage of RDI attribution per serving in descending order. Additionally, it contains the portion of Predict
participants consuming each (sub)category and the distribution of consumed quantities amongst participants.

Prediction model

The backward stepwise selection process selected three predictors (p<0.10) for calcium intake: cheese; milk;
yogurt and curd. The EPV was satisfactory at 29 (232 cases, 7 degrees of freedom). Table 3 presents the full
logistic prediction model. The regression coefficient corresponds with the odds of having an adequate calcium
intake for a person who’s consumption matches any other category, compared to the reference category. To
calculate the predicted probability of having an adequate calcium intake, the beta coefficients are entered in
the formula stated in the footnote of table 3.

The AUC was 0.858 (Figure 2), indicating excellent discrimination. The Hosmer and Lemeshow test
(p=0.499) and Brier score (0.136) both indicated a good fit of the model. Figure 3 displays the calibra-
tion plot, with a null line representing predictions that perfectly match the observed incidence. The size of
the dots represents the number of participants within the corresponding intake group. The model was very
well calibrated, with most predictions bordering the null line. Predictions that did not match the observed
incidence were generally found in midrange intake groups with small numbers of participants.

Screening tool

Figure S1 illustrates the shift in test classification measures at varying cut-off probabilities for the test
positivity criterion. The optimal combination of sensitivity and specificity was at a cut-off point of 0.700.
Application of the cut-off to the study population resulted in the following classification measures: sensitivity
80.9%, specificity 77.1%, PPV 96.8%, NPV 62.2% (Table 4). We created a graphically designed screening tool
with color coded risk scores based on the prediction model (Figure 4). Green cells indicate low probabilities
of having an inadequate calcium intake, orange cells indicate medium high probabilities, red cells indicate
high probabilities. User instructions are enclosed with the screening tool.

DISCUSSION

Main findings

Our prediction model accurately detects inadequate intakes of calcium in a tertiary hospital based cohort of
women in the periconceptional period. The model has low error rates, with a high sensitivity and specificity.
The screening tool based on this model enables clinicians to make a quick estimate of the adequacy of calcium
intake in pregnancy. The prediction model has yet to be externally validated.

Strengths and limitations

The main strength of this study is the availability of a very large set of validated FFQ data. (21) Furthermore,
to our knowledge, this study is the first to develop a nutrient specific screening tool with a minimal number
of predictors that is applicable on an individual level while maintaining predictive accuracy. Finally, as this

5
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tool was developed in line with clinical needs, it is an evidence-based tool that should be relatively easy to
implement in practice.

A limitation of this study is the use of dietary surveys, which could be prone to bias (22). Dietary surveys are
primarily subject to underreporting (23, 24). We minimalized the effects of underreporting by eliminating
FFQs with unrealistically low dietary intakes. Additionally, the Predict study is a tertiary hospital based
cohort, and disease or medication related side effects can influence dietary habits, and with that calcium
intake or uptake. Since calcium is absorbed in the small intestine, certain gastrointestinal (inflammatory)
diseases or intestinal surgery can severely restrict calcium uptake. (25) However, the tool assesses dietary
calcium intake, rather than uptake. Intake levels are unlikely to be affected by a reduced uptake. Therefore,
there is no reason to suspect that this would influence the tool’s generalizability. We cannot think of any other
indication for tertiary pregnancy care where calcium intake would be severely compromised, and therefore,
we think our results apply to each pregnant woman, irrespective of underlying comorbidities or risks.

Interpretation

Results in the context of what is known

In previous research, screening tools for general nutritional health and nutrition related health factors have
been developed. (26-28) For example, Huijgen et. al. (26) have developed a simple tool to assess an ina-
dequate habitual diet in clinical practice, which has been incorporated in the e-coaching program Smarter
Pregnancy. (29) Furthermore, micronutrient specific FFQs and checklists have been developed for a number
of micronutrients. (30-32) To our knowledge, this study is the first to develop a calcium-specific screening
method.

Clinical implications

The screening tool has an explicit focus on dairy products for calcium intake, which are the most important
sources of calcium in a Western-style diet, but not in plant based or non-Western-style diets. The tool
could therefore underestimate calcium intake in women with non-Western dietary habits or a plant based
diet. However, the average dietary calcium intake in Asian, African and South American countries generally
ranges between 400-700 mg/day, and women with a plant based diet have shown to consistently have calcium
intakes below the RDI and EAR. (33, 34) This indicates that non-dairy sources of calcium on its own are
probably not sufficient to meet calcium requirements. The classification of these diets as having an inadequate
calcium intakes might therefore be an appropriate outcome of the tool. However, the FFQ does not account
for calcium fortified foods and drinks or supplements. Hence, calcium intake is likely to be underestimated
in women who rely on fortified products or supplements to meet dietary requirements.

Our prediction model has a relatively low negative predictive value, especially compared to other test accu-
racy measures. In the selection of the optimal cut of probability we prioritized positive predictive value and
specificity over negative predictive value and sensitivity, based on a benefit-risk assessment of an increased
calcium intake in pregnancy through both supplementation or dietary intervention. Increasing calcium intake
in pregnant women with inadequate intakes has explicit beneficial effects on bones, nerves and cardiovascu-
lar health, and gives a risk reduction of pre-eclampsia (RR 0.51) and gestational hypertension (RR 0.70).
(10) The tolerable upper intake level of calcium is 2500 mg/day (35), which is nearly impossible to reach
through dietary intake alone. All interventions that focus on dietary counselling to improve calcium intake
are therefore considered safe. In contrast, the possible risks of calcium supplementation are not completely
clear, though harmful effects such as cardiovascular event, carcinoma, and kidney stones are only reported
in older patients, and with doses of >1000 mg/day. (36) Lower dosages have proven to be sufficient for the
prevention of both preeclampsia and gestational hypertension. (3, 10) In summary, calcium supplementation
appears to be harmless for the target population, especially when using low to moderate dosages. Based
on these considerations, we prefer a tool that improperly classifies women as having an inadequate calcium
intake over a tool that erroneously classifies women as having an adequate calcium intake.

Current guidelines recommend calcium supplementation starting from the 20th week of gestation in women
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with an inadequate calcium intake. The 20 week limit has been established because no effect of supplemen-
tation in earlier stages of pregnancy has been scientifically proven. The presented screening tool is developed
to primarily facilitate the implementation of current guidelines. For this purpose, it can be used to assess
calcium intake at around 20 weeks of gestation. However, the tool’s ability to predict calcium intake levels
is not limited to this gestational age. Although there is no scientific evidence, beneficial effects of an ade-
quate calcium intake on embryonic growth and placentation cannot be precluded. Moreover, though current
guidelines for pregnant women recommend the use of calcium supplements, we want to encourage clinicians
to aim for dietary advises or interventions first. Calcium intake can very well be increased through dietary
intake alone, which is not only safer, but can also be part of an overall healthier diet. While supplementation
tackles isolated micronutrients, dietary improvements can tackle a range of macro- and micronutrients and
improve general fitness and health. When aiming for dietary improvements, it is presumably rewarding to
start interventions periconceptionally, providing women with the needed time frame to make adjustments in
their diet and lifestyle. For this purpose, the screening tool can also be used during preconceptional hospital
or midwife visits, at the general practitioner’s office or at outpatient clinics for lifestyle care. (37) By using
an early intervention strategy focused on diet and lifestyle, risks of supplementation are diminished, general
health is improved and possible beneficial effects even in the early stages of pregnancy can be achieved.

Research implications

This screening tool could be the foundation for a multicenter pragmatic trial to evaluate its efficacy in real
life routine practice conditions. Moreover, further research could be aimed at the external validation of the
developed screening tool.

CONCLUSION

This study has demonstrated the possibility of accurately estimating calcium intake based on a limited
number of food items. The simplified digital screening tool presented in this study is an efficient and reliable
instrument to accurately estimate calcium intake in pregnant women practicing a Western-style diet. It can
be used in clinical practice to detect women at risk of having an inadequate calcium intake and as such
contribute to better periconceptional and pregnancy care for mother and offspring.
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TABLES

Table 1 . Participant characteristics and comparison in inadequate and adequate calcium intake in subgroups
assessed in periconception period

Characteristic*Missing N
Total (n =
694)

Total (n =
694)

Calcium
intake
<750
mg/day (n
= 201)

Calcium
intake
<750
mg/day (n
= 201)

Calcium
intake
>750
mg/day (n
= 493)

Calcium
intake
>750
mg/day (n
= 493) P

Age at
conception

142 32.8 ± 4.37 32.3 ± 4.52 33.0 ± 4.37 .095

Education 158
Higher 336 (62.7) 90 (56.6) 246 (65.3) .147
Middle 163 (30.4) 55 (34.6) 108 (28.6)
Lower 37 (6.9) 14 (8.8) 23 (6.1)
Ethnicity 171
Dutch 453 (86.6) 126 (82.9) 327 (88.1) .053
Non-
Dutch
Western

28 (5.4) 7 (4.6) 21 (5.7)

Non-
Western

42 (8.0) 19 (12.5) 23 (6.2)

Periconceptional:
BMI 0 24.1 ± 3.98 24.0 ± 3.88 24.1 ± 4.02 .613
Daily
caloric
intake
(kCal)

0 2127 ± 531 1902 ± 328 2219 ± 569 <.001

Diet 153 47 (8.7) 13 (8.1) 34 (8.9) .072
Vegetarian 22 (4.1) 3 (1.9) 19 (5.0)
Vegan 2 (0.4) 2 (1.3) 0 (0.0)
Macrobiotic 1 (0.2) 0 (0.0) 1 (0.3)
Other 22 (4.1) 8 (5.0) 14 (3.7)
Calcium
intake

694

>1000
mg/day

278 (40.1) - - -

>750
mg/day

493 (71.0) - - -

>500
mg/day

658 (94.8) - - -

Footnote table 1:

*Mean ± SD for continuous variables, n (valid %) for categorical variables;

Table 2. Potential predictors: food categories and subcategories with their calcium contents and consumed
quantities sorted by calcium contents per serving in descending order.
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Serving size
(g)

Calcium
content
(mg)
[NEVO]**

Calcium
content
(mg)
[NEVO]**

Calcium
content
(mg)
[NEVO]**

Consumption
[Study
cohort]

Consumption
[Study
cohort]

Consumption
[Study
cohort]

Food
category

Subcategory Per 100g Per
serving
(%RDI)

Per
serving
(%RDI)

% of
women

Quantity
per
person*
median
(IQR)

Quantity
per
person*
median
(IQR)

Cheese 30 637 191 (19.1) 96.4 21.3 (9.8,
36.5)

20+ and
30+
cheese

30 1025 308 (30.8) 94.5 16.4 (6.7,
31.0)

40+ and
48+
cheese

30 881 264 (26.4)

Yogurt
or curd

150 126 189 (18.9) 67.7 21.0 (0.0,
85.5)

Milk 150 121 182 (18.2) 76.7 86.0 (4.1,
200.0)

Soy
drinks,
milk or
dessert

150 110 165 (16.5) 23.9 0.0 (0.0,
0.0)

Meat
substitutes

80 173 138 (13.8) 26.1 0.0 (0.0,
3.1)

Dairy
drinks

150 81 121 (12.2) 43.1 0.0 (0.0,
28.0)

Fish 130 59 77 (7.7) 82.1 14.7 (5.4,
17.9)

Smoked,
steamed
or
canned
fish

130 123 160 (16.0) 28.4 0.0 (0.0,
2.3)

Vegetables 100 56 56 (5.6) 97.1 55.2 (31.0,
83.7)

Green
leafy
vegetables

100 113 113 (11.3) 88.8 22.0 (8.5,
34.9)

Nuts
and
seeds

25 200 50 (5.0) 74.8 3.7 (0.0,
11.1)

Footnote table 2: Calcium contents are calculated from NEVO data, consumption quantities are extracted
from the Predict database

*Quantity in grams per day

Example: 76.7% of participants consumed milk, with a median daily quantity of 86g. Milk contains 121 mg
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calcium per 100g, one portion size is 150g, which translates into 182mg calcium and an RDI attribution of
18.2% per portion.

Table 3. Logistic regression model for calculating the probability of having an adequate calcium intake in
pregnancy.

β 95% CI 95% CI p

Lower Upper
Cheese Cheese

None 0 ref
1-3/week 1.001 0.057 1.945 0.037
3-7/week 2.240 1.284 3.196 <.001
[?]1/day 3.849 2.814 4.884 <.001

Milk Milk
<3/week 0 ref
3-7/week 0.635 0.083 1.187 0.024
[?]1/day 2.887 2.272 3.502 <.001

Yogurt/curd Yogurt/curd
<1/week 0 ref
1-3/week 0.791 0.267 1.315 0.003
>3/week 1.529 1.009 2.049 <.001

Footnote Table 3:

Predicted probability can be calculated by the following equation: (eˆ-
2.858+βCheese+βMilk+βYogurt)/(1+eˆ-2.858+βCheese+βMilk+βYogurt)

Example: someone consuming 3-7 weekly portions of cheese has a 2.240 higher odds of having an adequate
calcium intake than someone consuming no cheese. For example, a person consuming 5 weekly portions
of cheese (β=2.240), at least one portion of milk per day (β=2.887) and no yogurt/curd (β=0) has the
following predicted probability of having an adequate calcium intake: (eˆ-2.858+2.240+2.887+0)/(1+eˆ-
2.858+2.240+2.887+0)=0.927.

Table 4. Classification table based on the Logistic Regression Model for estimating the adequacy of calcium
intake in pregnancy.

Observed Observed

Classified >750mg/day <750mg/day Total
Adequate 399 46 445
Inadequate 94 155 249
Total 493 201 694

Footnote table 4:

Sensitivity 80.9%; specificity 77.1%; PPV 89.7%; NPV 62.2%

PPV = positive predictive value

NPV = negative predictive value

Table S1. Classification of food categories into intake frequency ranges with corresponding daily quantities
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Category Intake frequency Quantity (g/day)

Cheese none 1-3/week 3-7/week
[?]1/day

0 1-13 13-30 >30

Milk <3/week 3-7/week [?]1/day <65 65-150 >150
Yogurt and curd none 1-3/week >3week 0 1-65 >65

FIGURE LEGENDS

Figure 1 - Flow chart of case selection from PREDICT study according to eligibility criteria.

Figure 2 - ROC curve for classifying adequacy of calcium intake and model performance measures for the
selected prediction modelSubscript: Area under the curve 0.858, Brier score 0.136

Figure 3 – Calibration plot for the selected prediction modelSubscript: Hosmer and Lemeshow statistic
p=0.499. The number of participants with intake ranges corresponding to the predicted probability on the
horizontal axis is represented by the size of the dots.

Figure 4 – Screening tool based on the prediction model for having an adequate calcium intake with color
coding for high (red), medium (orange) and low (green) risks of having an inadequate calcium intakeSubscript:
User instructions: choose the block corresponding with the intake of cheese. From there, combine the intakes
of milk and yogurt/curd as a cross table to find the predicted probability of having an adequate calcium
intake and color coded risk score of having an inadequate intake.

Figure S1 - Test classification measures at different probability cut-off points for the test positivity criterion
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