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Abstract

Zinc is an essential micronutrient for the development of the fetal renal, cardiovascular, and 

metabolic systems; however, there is limited evidence of its effects on the postnatal 

cardiometabolic function. In this study, we evaluated the effect of maternal zinc supplementation 

during pregnancy on the cardiometabolic profile of the offspring in childhood. A total of 242 

pregnant women were randomly assigned to receive a daily supplement containing iron + folic 

acid with or without zinc. A follow-up study was conducted when children of participating 

mothers were 4.5 years of age to evaluate their cardiometabolic profile, including anthropometric 

measures of body size and composition, blood pressure, lipid profile, and insulin resistance. No 

difference in measures of child cardiometabolic risk depending on whether mothers received 

supplemental zinc during pregnancy. Our results do not support the hypothesis that maternal zinc 

supplementation reduces the risk of offspring cardiometabolic disease.
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Introduction

The burden of non-communicable diseases (NCDs) is a major public health problem, and is 

particularly devastating in the developing world. According to the World Health 

Organization, in 2012, 68% of all deaths were from NCDs, and around three quarters 

occurred in low- and middle-income countries (1). Nutritional insufficiency in early life is 

also common in developing countries and is one additional risk factor for cardiometabolic 

diseases in adulthood (2, 3).

It has been proposed that deficiencies of key micronutrients involved in epigenetic processes 

affect fetal growth, organogenesis, and differentiation, leading to differences in 

cardiometabolic functional outcomes throughout life (4). Of particular interest is zinc. 

Studies in animals have demonstrated that prenatal zinc restriction is associated with 

decreased number and size of nephrons, glomerular filtration rate, lean body mass, and 

altered insulin response to glucose, and increased systolic blood pressure and body fat 

postnatally (5, 6). In humans, the prenatal effect of zinc deficiency on the risk of 

cardiometabolic diseases later in life is less well studied although the use of prenatal 

supplements containing zinc has been reported to result in a reduction in the risk of 

microalbuminuria and peripheral adiposity at 8 years of age (7, 8).

Zinc deficiency is common, particularly in periods critical for development. Around 82% of 

women worldwide do not consume the recommended intake of zinc during pregnancy, and 

in most low- or middle-income countries, the average zinc intake of pregnant women is 

below the Estimated Average Requirements (EAR) (9, 10). Based on earlier studies in the 

same community where this study was conducted, we have reported that an estimated 80–

88% of pregnant women consume inadequate amounts of zinc and that serum zinc 

concentrations decline steeply throughout pregnancy at a faster rate than has been reported 

in other populations (11, 12).

We conducted a randomized clinical trial to evaluate the effect of prenatal zinc 

supplementation (25 mg/d) during pregnancy on health and nutritional outcomes in their 

offspring. Although no differences related to zinc supplementation were observed in 

maternal zinc indicators during pregnancy – except for a higher red blood cell zinc 

concentration at the end of pregnancy – improvements in growth and heart rate (HR) 

parameters were observed in fetuses of zinc-supplemented mothers (13–15). The HR 

differences persisted at 4.5 years of age (16).To further understand the role of zinc in the 

development of cardiometabolic diseases, in this report we examine the effects of prenatal 

zinc supplementation on the risk of metabolic syndrome and its individual components in 

early childhood (4.5 y). These are known to increase the risk of cardiovascular disease and 

diabetes in adults and track from childhood to adulthood (17).

Methods

Study design and participants

Between 1998 and 2000, a double-blind, randomized clinical trial was conducted in 242 

pregnant women in a periurban area of Lima, Peru, to assess the effect of prenatal zinc 
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supplementation on fetal neural development and growth. When the children were 

approximately 4.5 years, they participated in a follow-up study to evaluate the long-term 

effect of supplementation on health, nutritional, and developmental outcomes. Results for 

these primary outcomes have been previously reported (14-16, 18). The focus of this report 

is the effect of prenatal zinc supplementation on the cardiometabolic profile of these children 

at 4.5 years.

Details of recruitment, enrollment, and supplementation are provided in earlier reports (14–

16). Briefly, women who were receiving antenatal care at a local hospital in periurban Lima, 

classified with a low-risk pregnancy, carrying a singleton fetus, and who had lived on the 

Coast of Peru (sea level) for at least 6 months before pregnancy were eligible for the study. 

Participants were enrolled between 10–16 weeks of gestation, and randomized within parity 

(primipara/multipara) and week of gestation (10–13/14–16 weeks) strata to receiving 60 mg 

iron (ferrous sulfate) and 250 µg folic acid, with or without 25 mg of zinc (zinc sulfate) daily 

throughout pregnancy. The dose of 25 mg of zinc was increased from the 15 mg used in our 

previous studies conducted in this same community, because although it was sufficient to 

improve the distribution of maternal indicators of zinc status ~0.21–0.23 SD, they were still 

below those reported for women with adequate zinc intakes.

Follow-up assessments

In 2003, children whose mothers participated in the prenatal supplementation trial were 

invited to take part in follow-up assessments. The evaluation was completed by trained study 

health professionals over two visits. The protocol included interviews with the caregiver, 

review of clinical records to collect information on socioeconomic conditions of the family, 

and the health, nutritional, and developmental history of the child, as well as a health exam, 

a nutritional evaluation, and behavioral and developmental testing. Anthropometric measures 

were conducted by a trained anthropometrist following standard procedures (19). Standing 

height of the child was measured to the nearest 0.1 cm using a stadiometer, and weight was 

recorded on a digital scale with 0.1 kg precision (Seca, Hamburg, Germany). Body Mass 

Index was calculated as BMI = [weight (kg)/height (m) 2]. BMI-for-age Z-scores were 

calculated using the World Health Organization (WHO) 2006 growth standards (20). 

Circumferences (waist, chest, mid-upper arm, calf) were measured to nearest 0.1 cm with a 

measuring tape (Seca, Hamburg, Germany). Fat mass (FM) was estimated from total body 

water (FM = TBW + Fat free mass) from an equation developed in Peruvian children (TBW 

= 0.276*weight (kg) + 0.105*height (cm) + 0.051* chest circumference (cm) – 0.319 (sex, 

female = 1) – 6.134) and validated using 18O dilution (21). Fat mass index was calculated as 

FMI = [FM (kg)/height (m) 2]. Blood pressure was measured by the study physician with the 

child in a seated position in triplicate at 1-min intervals using a pediatric 

sphygmomanometer (Reister, Jungingen, Germany). For the analyses we used the mean 

value of the three measures. Mean arterial blood pressure was calculated as MAP = 

[diastolic pressure + (systolic pressure – diastolic pressure)/3]. Blood pressure percentiles 

were calculated using the U.S. reference population according to sex, age, and height-for-

age percentile of the child (25). Height-for-age percentiles were calculated using the CDC 

2000 growth reference, which were required to estimate age- and sex-appropriate blood 

pressure percentiles using the U.S. blood pressure reference curves (22).
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Children were asked to fast overnight and on the following morning they were picked up 

from their home and brought to the study clinic where the phlebotomist collected venous 

blood samples. Blood samples were drawn into tubes containing heparin, and within 30 

minutes the samples were centrifuged at 600 g for 10 min for separation of plasma. Plasma 

samples were frozen at −20° C until micronutrient analyses were conducted. In 2011, the 

remaining cryopreserved plasma samples were thawed to conduct the analyses presented 

here. A Cholestech LDX analyzer (Cholestech Corporation, Hayward, California) was used 

to measure total and HDL-cholesterol, triglycerides, and glucose concentrations. LDL-

cholesterol concentration was calculated using the Friedewald equation (23). Plasma insulin 

concentration was measured using an ultrasensitive immunoassay (Alpco Diagnostics, 

Salem, New Hampshire). Insulin resistance was estimated by using the homeostasis model 

assessment, HOMA-IR = fasting plasma insulin concentration (mU/L) X fasting plasma 

glucose (mmol/L)/22.5 (24).

Data analyses

Data analyses were conducted using Stata 12.1 (Stata Corporation, College Station, Texas). 

Selected maternal and child characteristics were compared between the treatment groups 

using t-tests or chi-square tests, as appropriate. We compared differences in cardiometabolic 

risk factors according to prenatal supplement type, in continuous and dichotomous scales. 

Anthropometric and blood pressure measures were normally distributed, therefore we used 

the t-test to compare differences by treatment group; insulin resistance measures followed a 

log-normal distribution hence we used the Wilcoxon ranksum test. A total of 17 children had 

triglycerides, total cholesterol, or HDL-cholesterol concentrations outside the detectable 

limit of the assay (triglycerides <0.51 mmol/L or >7.34 mmol/L, total cholesterol <2.59 

mmol/L or >12.9 mmol/L, HDL-cholesterol <0.39 mmol/L or >2.59 mmol/L); we used tobit 

regression models for censored data to compare differences by supplement type (25). 

Because measures of lipid profile do not follow a normal distribution, they were transformed 

to normal using the ladder of powers developed by Tukey to meet normality assumptions for 

tobit regression (25, 26).

Because there is no accepted definition of metabolic syndrome for children under 10 y, we 

used modified criteria of the National Cholesterol Education Program (NCEP) ATP III 

guidelines for adults to identify children who are at risk of metabolic syndrome as described 

by Stewart et al. (7, 27). Children were considered to be at risk of metabolic syndrome if 

they met 3 or more of the following criteria: 1) abdominal obesity, defined as WC ≥ 90th 

percentile of the reference population (third National Health and Nutrition Examination 

Survey, NHANES III: 58.3 cm for girls and 57.6 cm for boys) (28); 2) high triglycerides, 

defined as TG ≥ 95th percentile of the reference population (American Academy of 

Pediatrics: 120 mg/dL [1.37 mmol/L] for girls and 85 mg/dL [0.97 mmol/L] for boys) (29); 

3) low HDL-cholesterol, defined as HDL-cholesterol < 5th percentile of the reference 

population (American Academy of Pediatrics: 36 mg/dL [2.0 mmol/L] for girls and 38 

mg/dL [2.1 mmol/L) for boys] (29); 4) high blood pressure, defined as SBP or DBP ≥ 90th 

percentile of the reference population (age-, sex-, and height-specific) (30); and 5) high 

glucose, defined as fasting plasma glucose ≥ 5.6 mmol/L (American Diabetes Association) 

(31).
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To compare differences in the proportion of children at risk of metabolic syndrome or any of 

its individual components according to treatment type, we developed logistic regression 

models for each of the outcomes of interest (abdominal obesity, high triglycerides, low 

HDL-cholesterol, high blood pressure, insulin resistance, and at risk of metabolic 

syndrome). All models were adjusted for age and sex of the child. Interaction terms between 

treatment type and age or sex were tested, found not significant (p >0.10), and therefore 

were excluded from the final models. With our final sample size (n = 159), and assuming 

80% power and a 2-tail significance level of 0.05, the smallest difference we could detect 

between mean values of continuous outcomes was 0.4 SD; a difference of 0.41 is considered 

the recommended minimum effect size. Under the same assumptions, we could detect a 

reduction of 90% (OR = 0.1) in the odds of metabolic syndrome or any of its individual 

components associated with zinc supplementation; this difference is considered to 

correspond to a very large effect size (32).

Results

Figure 1 shows the enrollment and analytical sample of the study, by supplement type. Of 

the 242 women enrolled in the supplementation trial, 20 were lost to follow-up, and 27 were 

excluded from the original analyses due to significant obstetrical or medical complications. 

Therefore, 195 were included in the analysis related to fetal outcomes (94 in the zinc group 

and 101 in the in the control group). For the follow-up at 4.5 years, we aimed to evaluate the 

195 participants included in the analysis for fetal outcomes and 10 participants who were 

excluded from the analyses but whose mothers completed the prenatal protocol and were 

born free of congenital malformations. Of the 205 eligible children, a total of 184 were 

located and evaluated at follow-up. Of these, 25 had no frozen plasma samples to conduct 

biochemical measurements and/or had missing information on blood pressure. For some 

cases, plasma samples were missing due to refusal of the blood draw at follow-up or due to 

insufficient volume to conduct these biochemical analyses. The present report is therefore 

restricted to 159 children with complete biochemical and blood pressure data, 73 from the 

treatment group and 86 from the control group. Missing data between treatment groups were 

non-differential, as well as maternal and child characteristics at birth among participants and 

nonparticipants of the follow-up study, and those with complete or missing data on 

cardiometabolic risk factors at follow-up (p >0.05). Table 1 shows selected characteristics of 

study participants at enrollment. Participants were similar in maternal and child 

characteristics.

Shown in table 2 are the measures of central tendency and dispersion of the cardiometabolic 

risk factors according to treatment group. There were no statistically significant differences 

in variables related to anthropometry and body composition, lipid profile, or insulin 

resistance according to treatment group (p > 0.05).

The proportion of selected cardiometabolic risk factors and risk of metabolic syndrome and 

the corresponding ORs (and 95%CI) in study children by prenatal supplement type are 

shown in table 3. There were no statistically significant differences in the risk of developing 

metabolic syndrome or any of its individual components according to prenatal supplement 

type. A total of 20 (12.6%) children had no cardiometabolic risk factors present, 71 (44.7%) 
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had 1, 52 (32.7%) had 2, 14 (8.8%) had 3, 2 (1.3%) had 4, and no children had all 

cardiometabolic risk factors present. Of the 38 children who were classified as having high 

blood pressure, 35 (92%) had high DBP. Of the 16 children who met the definition of being 

at risk for metabolic syndrome, 15 (94%) had low HDL-cholesterol, 12 (75%) had high 

blood pressure, 10 (63%) had high triglycerides, 7 (44%) had high waist circumference, and 

6 (38%) had high glucose concentration.

Discussion

We examined the effect of zinc supplementation among Peruvian pregnant women starting at 

10-16 weeks of gestation on the cardiometabolic profile of the child at 4.5 y of age. In this 

study, we found no evidence of prenatal zinc supplementation affecting measures of 

anthropometry, lipid profile, blood pressure, or insulin resistance of participants up to this 

age of follow-up. No differences according to supplement type were observed when 

analyzing the measures as continuous variables, or using a definition of ‘at risk of’ metabolic 

syndrome or any of its individual components.

Zinc is considered to be critical for the development of fetal organs, and the deficiency of 

this micronutrient during the prenatal period has been associated with teratogenic 

consequences and long-term functional impact of the cardiovascular and metabolic function 

(4). Although studies in animal support the biological role of zinc on the development of the 

cardiometabolic function, evidence from human studies is lacking. We know of only one 

other study which has evaluated the long-term effects of prenatal zinc supplementation on 

cardiometabolic outcomes in childhood. Stewart et al. examined the effect of prenatal 

micronutrient supplementation on the risk of metabolic syndrome in children 6–8 y of age in 

rural Nepal (7). Specifically, they examined the effect of prenatal supplementation with 1) 

vitamin A (control), 2) folic acid (400 µg), 3) folic acid with iron (60 mg), 4) folic acid with 

iron and zinc (30 mg), and 5) a multiple micronutrient supplement containing folic acid, 

iron, zinc, and additional minerals and vitamins. In agreement with our study, prenatal 

supplementation with folic acid, iron, and zinc did not affect measures of blood pressure, 

lipid profile, or insulin resistance in children as compared to a control group. However, there 

was a significant reduction in microalbuminuria – a marker of kidney dysfunction and risk 

factor for cardiovascular disease – in the groups receiving folic acid (OR; 95% CI: 0.56; 

0.33, 0.93), or folic acid, iron, and zinc (OR; 95% CI: 0.53; 0.32, 0.89), as compared to the 

control group. Even if the reduction in microalbuminuria was somewhat greater in the group 

receiving supplemental zinc, the effect observed cannot be attributed to zinc directly because 

the authors did not explicitly contrast the group receiving iron + folic acid with that 

receiving iron + folic acid + zinc, which is the contrast in our study.

There are two other studies examining the effect of prenatal multiple micronutrient 

supplementation (containing 15 mg of zinc) on individual cardiometabolic outcomes, 

particularly blood pressure, with contradictory results (33, 34). A study conducted in rural 

Bangladesh found that prenatal supplementation with multiple micronutrients was associated 

with higher diastolic blood pressure at 4.5 y (0.87 mmHg; 95% CI: 0.18, 1.56) when 

compared to those receiving folic acid (400 µg) and iron (30 mg or 60 mg) (33). No 

differences were found, however, between the prenatal treatment groups in systolic blood 
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pressure, kidney volume, or glomerular filtration rate. A second study, also conducted in 

Nepal, found that prenatal supplementation with multiple micronutrients was associated with 

lower systolic blood pressure at 2.5 y (2.5 mmHg; 95% CI: 0.5, 4.6), when compared to 

those receiving folic acid (400 µg) with iron (60 mg) (34). In both studies, the dose of zinc 

used was lower than the one in our study and because zinc was one of the multiple 

micronutrients included in the supplement, the changes in blood pressure cannot be 

attributed solely to zinc.

The role of zinc status in the development of cardiometabolic diseases has been studied 

more frequently for the postnatal period but the evidence is not conclusive. Results from 

observational and intervention studies suggest that zinc deficiency may play a role in the 

development of insulin resistance, in abnormalities in lipid metabolism, and cardiovascular 

risk. Observational studies in adults from developing countries have shown that lower serum 

zinc concentrations and lower consumption of dietary zinc are associated with an increased 

prevalence of hypertension, hypertriglyceridemia, coronary artery disease, and diabetes (35, 

36). Large, prospective, longitudinal studies in mid-aged females from developed countries 

have shown an association between higher dietary zinc intakes and lower incidence of type 2 

diabetes (37, 38). Results from interventional studies also suggest a beneficial effect of zinc 

supplementation in glucose control and lipid metabolism, but mainly among adults with 

conditions know to influence zinc metabolism (39–41). We are aware of three different 

meta-analyses of randomized controlled trials examining the effect of supplemental zinc on 

cardiometabolic outcomes among adults. One found a modest but significant overall 

reduction in fasting glucose concentrations after zinc supplementation, with a greater effect 

among patients with type 2 diabetes, metabolic syndrome, and obesity, as compared to the 

effect observed in healthy individuals (39). A second meta-analysis conducted among 

patients with type 2 diabetes found that zinc supplementation was associated with a 

reduction in fasting blood glucose, 2 hr post-prandial blood glucose, HbA1c, total 

cholesterol, and LDL-cholesterol (40). A third meta-analysis found no overall effect of zinc 

supplementation on markers of lipid metabolism (41). However, when stratifying the 

analysis according to health status, a decrease in HDL-cholesterol among healthy subjects 

but an increase in HDL-cholesterol among subjects with type 2 diabetes or those undergoing 

hemodialysis was observed among zinc-supplemented individuals as compared to those 

receiving placebo. All these studies provide evidence of the role of zinc in the development 

of cardiometabolic disease, and the potential use of zinc in prevention and treatment of these 

disorders.

There are several strengths of our study that should be mentioned. First, the sample was 

drawn from a randomized, double-blind, controlled trial. Second, this is a long-term follow-

up study evaluating the effect of prenatal supplementation on children exposed to a poor 

nutritional environment, in which durable effects of prenatal zinc supplementation on 

autonomic function during childhood were demonstrated. Here we expanded our evaluation 

to consider whether differences in related parameters of cardiometabolic risk would be 

detectable. Third, we evaluated cardiometabolic outcomes combined (being at risk of 

metabolic syndrome) and each of its individual components, allowing us to test the effects of 

zinc on different cardiometabolic domains.
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Our study does have limitations. The major limitation is the reduced sample size, 

particularly related to the number of missing values for the cardiometabolic outcomes due to 

the non-availability of frozen plasma samples to conduct biochemical analyses (n = 20). 

Even if the missingness was not differential by treatment group, it decreased our sample size 

and therefore our power to detect differences between the two groups. As mentioned earlier, 

with our final sample size (n = 159) we could detect a reduction in the risk of metabolic 

syndrome or any of its individual components of 90% or greater, which is a very large effect 

size. We also analyzed the outcomes of interest in a continuous scale which provided enough 

power to detect differences of 0.4 SD or greater; these differences are considered to 

correspond to moderate effect sizes. Potentially, relevant differences in cardiometabolic 

outcomes between the two groups would have been detected; however, it is possible that the 

lack of differences observed are a result of insufficient statistical power. Second, we 

conducted measurements of lipids, glucose, and insulin on plasma samples which had been 

frozen for several years, and concentrations can decrease progressively with time (42–44). 

However, because the concentrations of metabolites assessed are within normal values for 

children their age and sex, it is likely that only minimal degradation occurred (45). 

Moreover, there is no reason to think that degradation occurred differentially by treatment 

group. As a result of the method used to measure the concentration of lipids in plasma, we 

were unable to detect values below or above particular limits; however, because censored 

data is more informative than missing data, we were able to impute those values and still 

include them in the analysis. Finally, because there is no standard definition of metabolic 

syndrome in children under 10 years of age, we used modified criteria available for adults 

with modified cut-offs appropriate for children to identify those at risk of metabolic 

syndrome. This approach makes comparison with other studies challenging.

In this study, prenatal supplementation with zinc had no discernable effects on 

cardiometabolic parameters or risk of disease at 4.5 y of age. These children may be too 

young to observe any changes in the cardiometabolic measures used; additional follow-up at 

later ages may reveal detectable differences. By not using markers that can identify changes 

in endothelial dysfunction or insulin resistance at earlier stages, such as intima media 

thickness and distensibility, or glucose tolerance and HbA1c, it is possible that we missed 

early differences by supplement type (46, 47). It is also possible that other environmental 

factors need to be present for cardiometabolic risk factors to evolve. For example, it has been 

suggested that rapid weight gain in infancy needs to occur for prenatal nutritional insults to 

have an effect on the risk of components of metabolic syndrome later in life; fast weight gain 

in infancy is not seen in this population (48–51). It is also possible that a stronger clustering 

of cardiometabolic factors is needed for a long-term effect of prenatal zinc to be observed. 

The degree of clustering of cardiometabolic factors varies with age, with stronger clustering 

and associations occurring in adulthood as compared to childhood (52). Our findings are in 

line with this suggestion; 14 (8.8%) children had 3 cardiometabolic risk factors present, 2 

(1.2%) had 4, and none had all 5 factors present. Central adiposity and insulin resistance are 

considered instrumental in the development of the metabolic syndrome (53). In our study, 

abdominal obesity and glucose intolerance was observed in few participants – out of the 16 

children classified at risk of metabolic syndrome only 7 (44%) had abdominal obesity and 6 

(38%) had high glucose – therefore it may be that these children are too young to present 
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alterations in these components. In addition, in our study population, lipid metabolism 

components had a high contribution when classifying children as being at risk of metabolic 

syndrome –, 15 (94%) had low HDL-cholesterol and 10 (63%) had high triglycerides. HDL-

cholesterol concentrations have also been reported to be low in children from developing 

countries, and are particularly low as compared to those in children from developing 

countries (54–56). These differences could be attributed to specific components of the local 

diet; however, ethnic differences cannot be ruled out and therefore the clinical relevance of 

these low HDL-cholesterol concentrations in these populations is unknown. It is also 

possible that the zinc effects are only observed when classifying individuals by “normal” or 

“at risk” status, and we may not have had adequate power to detect differences that are 

potentially important; we found no evidence of differences according to supplement type 

when comparing cardiometabolic risk factors in a continuous scale, yet we observed a 

tendency of a protective effect of zinc on abdominal obesity, low HDL, and high glucose 

when comparing these risk factors in a dichotomous scale which did not reach statistical 

significance.

In conclusion, our study found no difference in measures of cardiometabolic risk at 4.5 y 

depending on whether mothers received supplemental zinc during pregnancy. Data currently 

available do not support the hypothesis that maternal zinc supplementation reduces the risk 

of offspring cardiometabolic disease, other than our previously reported findings on 

autonomic function. Because of the uniqueness of the study design and the findings on 

autonomic function, it would be important to evaluate the effect of prenatal zinc 

supplementation in larger studies, at older ages, and include additional markers of 

cardiometabolic diseases that may identify earlier changes in dyslipidemia, endothelial 

dysfunction and insulin resistance.
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Figure 1. 
Enrollment and analytical sample in the study by prenatal supplement type
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Table 1

Selected maternal and child characteristics in 159 Peruvian children, by prenatal supplement type

Maternal supplement type

Characteristic Iron + folate Iron + folate + zinc

86 73

Maternal†

 Age, y 23.4±4.9 23.5±4.9

 Height, cm 152.4±5.1 152.2±5.5

 BMI, kg/m2 23.6±3.4 23.2±3.2

 Primiparity, % 57.0 56.2

 Maternal education, %

  Primary or less 4.9 11.3

  Secondary incomplete 28.0 25.3

  Secondary complete 50.0 46.5

  Beyond secondary 17.1 16.9

Birth

 Gestational age at birth, wk 39.3±1.2 39.2±1.4

 Weight at birth, g 3277±386 3309±440

 Length at birth, cm 49.7±1.9 50.1±2.2

Values are mean ± SD or percent;

†
evaluated at a mean age of 13 weeks gestation.

No statistically significant differences by supplement type (p >0.05); p-values were calculated using t-test or chi-square test.
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Table 2

Cardiometabolic risk factors in 159 Peruvian children at 4.5 years by prenatal supplement type

Maternal supplement type

Characteristic Iron + Folic acid Iron + Folic acid + Zinc p-value

n 86 73

Anthropometry and body composition

 Weight, kg 17.4±2.4 17.2±2.2 0.58

 Height, cm 102.4±3.4 102.9±4.0 0.72

 BMI, kg/m2 16.6±1.64 16.3±1.3 0.18

 BMI-for-age, Z-score 0.82±1.0 0.65±0.9 0.24

 Waist circumference, cm 54.7±4.2 55.1±4.2 0.60

 Fat mass, kg 6.4±1.7 6.2±1.3 0.32

 Fat mass index, kg/m2 6.1±1.4 5.8±1.0 0.17

Lipid profile

 Plasma triglycerides, mmol/L 0.88 (0.71, 1.10) 0.86 (0.65, 1.06) 0.59

 Plasma total cholesterol, mmol/L 3.43 (3.08, 3.79) 3.54 (3.28, 4.01) 0.32

 Plasma HDL-cholesterol, mmol/L 0.75 (0.54, 0.96) 0.74 (0.59, 0.98) 0.92

 Plasma LDL-cholesterol, mmol/L 2.28 (1.84, 2.66) 2.48 (1.87, 2.86) 0.23

Blood pressure

 SBP, mmHg 84.2±7.8 85.1±10.2 0.53

 DBP, mmHg 59.9±8.1 57.7±9.6 0.12

 MAP, mmHg 68.0±7.3 66.8±8.6 0.34

Insulin resistance

 Plasma glucose, mmol/L 4.44 (4.11, 4.94) 4.44 (4.11, 4.92) 0.97

 Plasma insulin, µIU/ml 9.00 (5.09, 16.00) 10.02 (5.30, 15.01) 0.96

 HOMA-IR 1.73 (0.91, 3.00) 1.98 (0.95, 2.97) 0.92

Values are mean ± SD or median (IQR).

Data were missing for LDL-cholesterol (n=30).

p-values were calculated using t-test or Wilcoxon ranksum test. For left censored variables [triglycerides (n=11), total cholesterol (n=10), and 
HDL-cholesterol (n=6)], p-values were calculated using tobit regression.

BMI = Body Mass Index, SBP = systolic blood pressure, DBP = diastolic blood pressure, MAP = mean arterial pressure
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Table 3

Prevalence of cardiometabolic factors and being at risk of metabolic syndrome in 159 Peruvian children 4.5 

years by prenatal supplement type

Characteristic Iron + Folic acid Iron + Folic acid + Zinc OR
(95% CI)

n 86 73

Abdominal obesity (WC ≥ 90th percentile) n (%) 16 (18.6) 13 (17.8) 0.95 (0.42, 2.13)

High triglycerides (≥ 95th percentile) n (%) 16 (18.6) 15 (20.6) 1.13 (0.52, 2.48)

Low HDL cholesterol (< 5th percentile) n (%) 65 (75.6) 54 (74.0) 0.92 (0.45, 1.88)

High blood pressure (SBP or DBP ≥ 90th percentile) n (%) 20 (23.3) 18 (24.7) 1.08 (0.52, 2.24)

High glucose (≥ 5.6 mmol/L) n (%) 5 (5.8) 3 (4.1) 0.69 (0.16, 3.01)

At risk for metabolic syndrome (child met 3 of the above criteria) n (%) 10 (11.6) 6 (8.2) 0.68 (0.23, 1.97)

Cutoffs for cardiometabolic risk factors were as follows: WC ≥ 90th percentile (NHANES III: 58.3 cm for girls and 57.6 cm for boys) (28), 

triglycerides ≥ 95th percentile (ADA: 1.37 mmol/L for girls and 0.97 mmol/L for boys) (29), HDL-cholesterol < 5th percentile (ADA: 2.0 mmol/L 
for girls and 2.1 mmol/L for boys) (29).

p-values calculated using Fisher’s exact test; all p-values >0.05.
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