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Abstract

Purpose—In a prospective prenatal cohort study, we examined associations of second trimester
and cord plasma 25-hydroxyvitamin D (25[OH]D) with small-for-gestational age (SGA), and the
extent to which vitamin D might explain black/white differences in SGA.

Methods—We studied 1067 white and 236 black mother-infant pairs recruited from 8 obstetrical
offices early in pregnancy in Massachusetts. We analyzed 25(OH)D levels using an immunoassay
and performed multivariable logistic models to estimate the odds of SGA by category of 25(0OH)D
level.

Results—Mean (standard deviation [SD]) second trimester 25(OH)D level was 60 nmol/L (21)
and was lower for black (46 nmol/L [22]) than white (62 nmol/L [20]) women. 59 infants were
SGA (4.5%) and more black than white infants were SGA (8.5% vs. 3.7%). The odds of SGA
were higher with maternal 25(OH)D levels <25 vs. =225 nmol/L (adjusted odds ratio [OR] 3.17;
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95% confidence interval [CI]:1.16, 8.63). The increased odds of SGA among black vs. white
participants decreased from an OR of 2.04(1.04, 4.04) to 1.68(0.82, 3.46) after adjusting for
25(0OH)D.

Conclusions—Second trimester 25(OH)D levels <25 nmol/L were associated with higher odds
of SGA. Our data raise the possibility that Vitamin D status may contribute to racial disparities in
SGA.

MeSH

Vitamin D; Infant; Small for Gestational Age; African Continental Ancestry Group; Health Status
Disparities; Pregnancy

INTRODUCTION

Poor fetal growth precedes many perinatal(1) and childhood morbidities(2), as well as
chronic adult conditions including insulin resistance and hypertension(3-6). Maternal
vitamin D status may affect fetal growth due to its role in adequate placental
development(7), but existing studies are conflicting or suffer from key limitations. Higher
maternal vitamin D dietary intake has been associated with higher birthweight (8-11), but
these studies are limited by the lack of sunlight exposure data or blood 25(OH)D level,
which provides a measure of vitamin D status that integrates both dietary and endogenous
sources of vitamin D. Interventional trials of vitamin D supplementation in pregnancy have
had mixed results with respect to birthweight(12-16). The few observational studies of
25(0OH)D levels and birthweight have similarly conflicting results and have been limited by
the inability to consider dietary confounders (17), and by exclusive enrollment of white
mothers(18, 19).

African American women are 2-3 times more likely than white women to deliver small-for-
gestational age (SGA) infants(20). It is unknown whether maternal vitamin D status
contributes to the racial disparity in risk of SGA(21). In the US, pregnant black women have
lower plasma levels of the optimal marker of vitamin D status(22), 25-hydroxyvitamin D
(25[OH]D), than pregnant white women(23, 24). Among 928 pregnant participants in the
National Health and Nutrition Examination Survey in 2001-2006, mean 25(OH)D levels
were 77 nmol/L and 39 nmol/L in white and black women, respectively(25). While dietary
intake affects vitamin D status(22), the contribution of cutaneous synthesis from sunlight
exceeds dietary sources(26). Darker pigmented skin synthesizes vitamin D less efficiently
than lighter pigmented skin(27), leading to lower vitamin D levels among black compared to
white subjects.

To clarify the relationship between vitamin D status during pregnancy and fetal growth, we
analyzed data from a prospective prenatal cohort study of pregnant black and white women
and their offspring. We evaluated associations of second trimester maternal and umbilical
cord plasma 25(OH)D levels at delivery with birthweight-for-gestational age. We then
sought to understand whether vitamin D status contributes to black/white differences in this
measure of fetal growth. We hypothesized that lower maternal second trimester 25(OH)D
levels and lower infant cord blood 25(OH)D levels would be associated with lower
birthweight-for-gestational age (a measure of fetal growth). We hypothesized that this
association would be present for both black and white participants and that the lower
25(0OH)D levels among black women and infants would account, at least in part, for their
increased odds of SGA.
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We studied participants from Project Viva, a prospective cohort study of gestational factors
and offspring health(28). We recruited women attending their initial prenatal visit at 8
obstetrical offices of a multi-specialty group practice in Massachusetts. Eligibility criteria
included fluency in English, gestational age <22 weeks, and singleton pregnancy. Details of
recruitment and retention procedures are available elsewhere(28, 29). All participants
provided written informed consent. Institutional review boards of participating institutions
approved the study.

Of the 2128 participants who gave birth, 1399 were white and 348 were black. We chose to
analyze data from only black and white mother-infant pairs because of our interest in the
potential role vitamin D status might play in black-white fetal growth disparities. We
excluded 332 white and 112 black women who were missing both second trimester maternal
plasma and cord plasma, leaving 1067 white and 236 black women in the analysis cohort
with either second trimester maternal plasma (947 white and 186 black) and/or cord plasma
(606 white and 128 black) (Figure 1). All participants had complete outcome data.
Compared with the 444 white and black participants who were not included in this analysis,
mothers in the present study were slightly more likely to be married or cohabitating (93%
vs. 90%), but did not differ by age, annual household income, maternal education status,
pre-pregnancy BMI, or gestational weight gain (data not shown). To address missing
covariate data, for unadjusted analyses we performed the analyses two ways, including
participants with missing covariate data and then only complete cases. We found no material
differences. Thus, in multivariable models, we included participants only with complete
covariate data.

Measurement of vitamin D status

Ascertainme

We measured 25[OH]D levels in second trimester maternal blood and in umbilical cord
blood at delivery. We collected maternal blood during the routine non-fasting mid-
pregnancy clinical blood draw between 26-28 weeks’ gestation. We collected umbilical
venous blood following delivery from infants who were delivered at one of the two study
hospital sites and recorded the season of blood draw for each 25(OH)D sample collected.
We refrigerated blood samples, separated the plasma and stored aliquots in liquid nitrogen at
—-80°C. We measured 25(OH)D level for each specimen twice, first with an automated
chemiluminescence immunoassay (CLIA)(30) and then with a manual radioimmunoassay
(RIA)(31). For quality control, the laboratory used US National Institute of Standards and
Technology (NIST) level 1. Because the singlicate 25(OH)D result from each assay slightly
differed (maternal r=0.81, cord plasma r=0.88), we averaged the two available values for
each specimen to obtain a more stable estimate of 25(OH)D level. In general, analyses using
either the CLIA data only or RIA data only yielded similar results but with slightly wider
confidence intervals (data not shown).

nt of birth data

We obtained infant birthweight from the hospital medical record. We calculated gestational
age in weeks by subtracting the date of the last menstrual period from the date of delivery.
Eighty-six percent of the participants had ultrasound data available at 16—-20 weeks. For the
approximately 12% of ultrasound gestational age estimates that differed by >10 days from
the LMP pregnancy dating, we used the ultrasound dating. We determined birthweight-for-
gestational age by using as a reference a combined 1999-2000 US natality set(32). We
categorized infants as small-for-gestational age (SGA) if their birthweights were <10t
percentile for their gestational ages(33).
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Assessment of covariates

Using a combination of interviews, study questionnaires and medical record reviews, we
collected information on maternal age, race/ethnicity, parity, smoking habits, education,
marital status, household income, infant gender, gestational diabetes and preeclampsia.
Mothers self-designated race/ethnicity. For this analysis we included mother-infant pairs in
whom mothers self-designated as Non-Hispanic black or Non-Hispanic white. We
calculated pre-pregnancy body mass index (BMI) based on self-reported pre-pregnancy
height and weight. We calculated gestational weight gain by subtracting the pre-pregnancy
weight from the last clinically reported weight prior to delivery. We obtained dietary intake
data (fish and micronutrient intake including calcium, folate and iron) with a previously
validated, semi-quantitative food frequency questionnaire administered in the first and
second trimesters of pregnancy (34, 35). We adjusted micronutrient intake for energy intake
using a residuals model(36).

Statistical analysis

We first performed bivariate analyses to determine maternal and infant characteristics
associated with previously described clinical categories of vitamin D status(25, 37-39):
severe deficiency (<25 nmol/L), deficiency (25 to <50 nmol/L), insufficiency (50 to <75
nmol/L), and sufficiency (=75 nmol/L). In preliminary analyses examining 25(OH)D levels
and birthweight-for-gestational age z scores, we observed an apparent threshold at 25 nmol/
L and subsequently dichotomized 25(OH)D at this point (<25 nmol/L vs. =25 nmol/L). We
then ran unadjusted and multivariable-adjusted linear regression models of 25(OH)D and
birthweight-for-gestational age including covariates associated with fetal and vitamin D
levels in the literature and in our data. We similarly ran multivariable-adjusted logistic
regression models of 25(OH)D and SGA. We excluded candidate variables that did not alter
the relationship between vitamin D and fetal growth or SGA from final models, including
fish, calcium, folate and iron intakes, and maternal parity, education, income, and
gestational weight gain. We also examined the association between race (black vs. white)
and SGA, and the extent to which the association might be explained by vitamin D status by
running multivariable logistic regression models including both black and white participants
before and after adjusting for 25(OH)D level. All analyses were performed using SAS
version 9.2,

RESULTS

Mean second trimester 25(OH)D level was 60 nmol/L (SD 21), and levels were lower
among black vs. white mothers: 46 nmol/L (SD 22) vs. 62 nmol/L (SD 20), respectively.
Mean cord 25(OH)D level was 47 nmol/L (SD 19), and was lower among black vs. white
infants; 31 nmol/L (16) vs. 51 nmol/L (SD 18), respectively. Among women with available
second trimester 25(OH)D levels, there were 53 SGA infants (4.7%); 17 were black (9.1%)
and 36 white (3.8%). Among infants with cord plasma available, there were 25 SGA infants
(3.4%); 10 were black (7.8%) and 15 white (2.5%).

Bivariate, descriptive analysis (Table 1) revealed higher 25(OH)D levels in women who
were white, older, married or co-habitating, more highly educated, with higher household
incomes, non-smokers, and with lower pre-pregnancy body mass indices. Preterm birth was
not the focus of this study, but we note that gestational age did not substantially differ across
categories of second trimester or cord plasma 25(OH)D levels.

Fetal growth as a continuous variable

We did not detect a statistically significant association between second trimester 25(0OH)D
levels <25 vs. =25 nmol/L and a continuous measure of birthweight-for-gestational age (z
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score) in unadjusted analyses (p —0.19, 95% confidence interval [CI] —0.46, 0.09).
Multivariable linear regression models adjusting for season of blood draw, maternal age,
pre-pregnancy body mass index and race attenuated this estimate (adjusted § —0.13 [95%Cl:
-0.42, 0.17]). Cord plasma 25(0OH)D levels <25 vs. 225 nmol/L were associated with lower
birthweight-for-gestational age in both unadjusted (f —0.34 [95%CIl: —0.54, -0.13]) and
adjusted (B —0.25 [95%CI: -0.49, -0.01]) models.

Small-for-gestational age

Mothers with second trimester 25(OH)D levels <25 vs. =25 nmol/L had increased odds of
delivering an SGA infant in unadjusted analyses (OR 3.93 [95%CI: 1.65, 9.34]) (Table 2).
Multivariable logistic regression models adjusting for season of blood draw, maternal age,
pre-pregnancy BMI and race slightly attenuated this association (OR 3.17 [95%CI: 1.16,
8.63]). Infants with cord plasma 25(OH)D levels <25 vs. 225 nmol/L had higher odds of
SGA in unadjusted (OR 4.72 [95%CI: 2.00, 11.12]) and adjusted analyses (OR 4.64
[95%CI: 1.61, 13.36]). This association did not differ by race; P values for interaction were
0.75 and 0.47 for second trimester and cord plasma respectively.

In multivariable logistic regression models examining the associations of race with SGA,
black infants had higher odds of SGA than white infants (OR 2.04 [95%Cl: 1.04, 4.04])
(Table 3). When we incorporated second trimester 25(OH)D status into the model, the black/
white odds ratio for SGA was attenuated by 18% (OR 1.68 [95%CI: 0.82, 3.46]). In the
subset of infants with available cord plasma 25(OH)D, the odds ratio for SGA among black
vs. white infants was 2.72 [95%Cl: 1.09, 6.77]) before adding 25(OH)D to the model and
1.85 [95%CI: 0.70, 4.91] afterwards, suggesting possible mediation effect.

We found that adding pre-pregnancy body mass index altered the effect estimates of the
association between 25(OH)D levels and SGA. In analyses of second trimester plasma
25(0OH)D levels, incorporating pre-pregnancy BMI changed partially adjusted odds ratios
for SGA from 3.06 (95%ClI: 1.24, 7.55) to 3.94 (95%CIl 1.51, 10.29) (Table 2, Model 2).

DISCUSSION

We found that second trimester 25(OH)D levels <25 vs. 25 =nmol/L were associated with
higher odds of SGA in black and white infants. We had hypothesized that lower levels of
25(0OH)D in black vs. white women and their infants might account for the difference in
fetal growth between the two groups. When we incorporated 25(OH)D status into combined
logistic regression models, the increased odds of SGA among black vs. white infants was
attenuated. However, because of small numbers the confidence intervals were wide.
Additionally, using such a method to examine potential mediation assumes no unmeasured
confounding and no effect modification by race. We did not find evidence of effect
modification by race (second trimester interaction P= 0.75, cord P=0.47). While 25(OH)D
status may account for part of difference in SGA between black and white infants, because
of the small number of cases and thus wide confidence intervals, our findings should be
considered hypothesis generating, and confirmation with future studies is needed. If
confirmed, our data suggest the need for a randomized controlled trial to determine if
vitamin D supplementation early in pregnancy reduces disparities in fetal growth.

A review by Specker of the effect of vitamin D in pregnancy conducted suggests that the
role of vitamin D status and fetal growth remains inconclusive(12). However, three out of
four trials are consistent with our results, showing increased birthweight among infants born
to mothers supplemented with vitamin D(13, 14, 16). The trial that did not reveal a
difference in birthweights did not achieve 25(OH)D levels greater than 25 nmol/L, the
threshold noted in our study, nor was any adjustment made for gestational age(15).
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In three observational studies in which 25(OH)D levels during pregnancy were measured,
the associations between vitamin D status and fetal growth/gestational age have also been
inconsistent(17, 18, 40). In an analysis of 559 mother-infant pairs in South India, Farrant
and colleagues found no association between vitamin D insufficiency at 30 weeks’ gestation
and newborn size; mean birthweights (adjusted to 40 weeks’ gestation) were 2.9 kg for
infants born to mothers with 25(OH)D levels both above (34%) and below 50nmol/L (66%)
(40). The authors reported birthweight in kilograms using only one decimal place, possibly
hiding smaller differences. They did not adjust for covariates other than gestational age, nor
did they report birth outcome results for the subset of women (31%) who had 25(OH)D
levels <28 nmol/L or mention the proportion of infants born SGA.

In a study of 374 predominantly white (>99%) Australian women and infants, Morley et
al(18) found that birthweights were 157 grams(95%CI —47, 361) lower among infants born
to mothers with 250HD <28 nmol/L vs. 228 nmol/L measured at 28-32 weeks’ gestation,
but this finding may have been explained by gestations that were 0.7 weeks shorter rather
than reduced fetal growth. Subsequent analyses of these same data suggested that vitamin D
receptor genotype might modify the relationship between 25(OH)D and birthweight; among
infants with the more functional VDR Fokl genotype, maternal vitamin D deficiency was
associated with a 288 gram (95%CI 65, 512) lower birthweight(19), but again the
investigators did not adjust for gestational age.

In a nested case-control study, Bodnar et al reported that white women with low and high
second trimester 25(OH)D levels (vs. the reference group with levels of 37.5 to 75 nmol/L)
had increased odds of delivering an SGA infant; adjusted odds ratios were 7.5 (95%CI 1.8-
31.9) and 2.1 (95%CI 1.2-3.8) for low and high 25(OH)D levels, respectively (17). The
investigators defined SGA as birthweight-for-gestational age <10t percentile based on a
local reference of 50,000 births at one hospital. They did not find clear associations among
black infants, with adjusted odds ratios of 1.5 (95%CI 0.6-3.5) and 2.2 (95%CI 0.5-9.0) for
low and high levels, respectively. We did not observe the same U-shaped distribution that
they found among their white subjects. This difference in results may have been a function
of a different vitamin D distribution; 47% of white women in their study had 25(0OH)D
levels >75 nmol/L compared to just 22% of white women in our study.

It is unclear why we observed an association between second trimester severe 25(OH)D
deficiency and the dichotomous SGA but not with the continuous measure of fetal growth. It
is possible that above a minimal level of 25(OH)D the risk of SGA disappears, i.e., a
threshold effect. We speculate that by encouraging adequate implantation and placentation
through its anti-inflammatory effects(41), vitamin D may promote fetal growth through
normal placental vascular development. However, it is possible that when placentation
occurs normally, vitamin D may not play a role in fetal growth in the normal range of fetal
size, explaining the lack of an association between second trimester 25(OH)D and
birthweight-for-gestational age on a continuum.

We found that adding pre-pregnancy body mass index strengthened the association between
25(0OH)D levels and SGA. This finding may be because it is widely known that pregnant
women with higher BMI’s have lower 25(OH)D levels than thinner subjects(42, 43). In
addition, larger women tend to have larger infants. Thus, controlling for maternal BMI
strengthens the association between maternal vitamin D status and the risk of SGA.

Our study had several strengths, including prospective data collection, 25(OH)D
measurement in mothers and infants, use of a national population reference for SGA, and
detailed data on possible dietary confounding variables including fish, calcium, folate and
iron, which did not affect our findings. Nevertheless, the study has potential limitations.

Ann Epidemiol. Author manuscript; available in PMC 2013 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Burris et al.

Page 7

Residual confounding by unmeasured factors such as serum parathyroid hormone, calcium
and phosphate levels could also partially explain our findings. The relatively high
socioeconomic status of our cohort may limit the generalizability of our findings, although
the prevalence of vitamin D deficiency among our subjects is consistent with US national
data(44). We used maternal self-designated race not ancestry markers in our assignment of
race. However, we propose that this represents a strength of our study as self-designated
race, a social designation, can have a powerful impact on birth outcomes(45). Selection bias
could have affected our findings, given that we were able to analyze only 1303 of the
potential 1747 white or black mother-infant pairs in our cohort. However, we speculate that
missing these data has probably biased our results toward the null hypothesis since sicker
women or earlier deliveries would be more likely not to have blood available for analysis, to
have lower 25(OH)D levels and to have higher rates of SGA. Low 25(0OH)D levels can be
associated with disease states that affect fetal growth such as gestational diabetes(46) and
preeclampsia(47). However, possibly because of low incidences in our cohort, controlling
for each in our analyses did not alter our findings (data not shown); 7.8 % of black mothers
and 4.2% of white mothers developed gestational diabetes and 2.6% of black mothers and
1.1 % of white mothers developed preeclampsia. Lastly, we acknowledge continued
uncertainty about the optimal method of measuring 25(OH)D levels (48, 49). To address this
issue we measured 25(OH)D using two established assays (CLIA(30)and RIA(31)) and used
the average of the two values to assign the 25(OH)D levels of each participant for analysis.

In conclusion, we found that second trimester 25(OH)D levels <25 vs. =25nmol/L were
associated with higher odds of SGA in black and white infants. Our findings also raise the
possibility that maternal 25(OH)D status might partially explain racial disparities in SGA.
Providing vitamin D supplements to pregnant women may improve birth outcomes and
mitigate disparities in fetal growth. Randomized, controlled trials are needed to prove this
assertion.
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Figure 1.
Flow of Participation, Project Viva
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Characteristics of 236 Black and 1067 White Mother/Infant Pairs Enrolled in Project Viva According to

Table 1

Category of Second Trimester and Cord plasma 25-hydroxyvitamin D Concentration

Maternal age at enrollment (years)
Pre-pregnancy BMI (kg/m?)
Gestational weight gain (kg)

Second trimester 25(0OH)D (nmol/L)
Cord plasma 25(OH)D (nmol/L)
Gestational age at delivery (weeks)
Birthweight (kg)

Birthweight-for-gestational age (z-score)

Race
Black
White
College graduate
Married or cohabitating
Smoking status
Never
Former
During pregnancy
Household income >$70,000/year
Primiparous
Female infant
Category of birthweight-for-gestational age
Small-for-gestational age (<10t %ile)
Appropriate-for-gestational age

Large-for-gestational age (>90™ %ile)

Cord plasma 25(OH)D (nmol/L)
Gestational age at delivery (weeks)

Birthweight-for-gestational age (z score)

Category of birthweight-for-gestational age

Second trimester plasma 25(OH)D (n=1113)

Severe
Deficiency Deficiency Insufficiency  Sufficiency
<25nmol/L  25-<50 nmol/L  50-<75 nmol/L =75 nmol/L
(n=47) (n=314) (n=543) (n=229)
Mean (SD)
30.1(6.7) 31.9(5.3) 32.7 (4.5) 33.1(4.5)
29.4 (7.4) 26.2 (6.1) 24.1 (4.5) 23.7 (4.6)
13.1 (6.9) 15.5 (6.0) 16.1 (5.0) 15.1 (5.5)
20 (4) 39(7) 62 (7) 90 (15)
22 (11) 38 (14) 51 (16) 64 (17)
39.4 (1.6) 39.7 (L.5) 39.6 (1.6) 39.6 (1.6)
3.46 (0.68) 3.55 (0.52) 3.53 (0.51) 3.51(0.52)
0.07 (1.17) 0.28 (0.98) 0.26 (0.93) 0.24 (0.89)
n (column %)
34 (72.3) 78 (24.8) 55 (10.1) 19 (8.3)
13 (27.6) 236 (75.2) 488 (89.9) 210 (91.7)
19 (40.4) 197 (62.7) 395 (72.7) 182 (79.5)
40 (85.1) 284 (90.4) 516 (95.2) 222 (96.9)
33 (78.6) 196 (64.1) 353 (66.7) 156 (69.3)
4(9.5) 64 (20.9) 115 (21.7) 51 (22.7)
5(11.9) 46 (15.0) 61 (11.5) 18 (8.0)
3(27.3) 153 (66.8) 340 (72.8) 148 (74.0)
15 (31.9) 149 (47.5) 267 (49.2) 109 (47.6)
19 (40.4) 149 (47.5) 261 (48.1) 118 (51.5)
7 (14.9) 18 (5.7) 22 (4.) 6 (2.6)
34 (72.3) 245 (78.0) 438 (80.7) 195 (85.2)
6 (12.8) 51 (16.2) 83 (15.3) 28 (12.2)

Category of cord plasma 25(OH)D (n=734)
<25nmol/L  25-<50 nmol/L  50-<75nmol/L =75 nmol/L

(n=84) (n=337) (n=261) (n=52)
Mean (SD)
17 (4) 39(7) 60 (7) 87 (12)
39.5 (1.6) 39.8 (1.6) 39.6 (1.7) 39.5(1.3)
0.00 (1.05) 0.31 (0.93) 0.41 (0.84) 0.23 (0.92)

n (Column %)
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Second trimester plasma 25(OH)D (n=1113)
Severe
Deficiency Deficiency Insufficiency  Sufficiency
<25nmol/L  25-<50 nmol/L  50-<75 nmol/L =75 nmol/L
(n=47) (n=314) (n=543) (n=229)
Small-for-gestational age (<10t %ile) 9(10.7) 9(2.7) 6 (2.3) 1(1.9)
Appropriate-for-gestational age 64 (76.2) 276 (81.9) 218 (83.5) 43 (82.7)
Large-for-gestational age (>90 %ile ) 11(13.1) 52 (15.4) 37 (14.2) 8(15.4)

Abbreviations: 25(0H)D, 25-hydroxyvitamin D; BMI, body mass index

Page 13

aParticipants with second trimester 25(OH)D data had missing data for the following covariates: pre-pregnancy BMI n=3, pregnancy weight gain

n= 11, marital status n=1, smoking n=31 and income n= 76.
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Table 3

Associations of Small-for-Gestational Age (vs. Appropriate-for-Gestational Age) in Black vs. White Subjects
Before and After Adjusting for 25-hydroxyvitamin D Levels (<25 vs. 225 nmol/L). Data From 1067 White
and 236 Black Mother/Infant Pairs Enrolled in Project Viva.

Model 12 Model 2P
OR [95% CI]

Second trimester 25(0OH)D (n=1091)

Black vs. white 2.04[1.04,4.04] 1.68[0.82, 3.46]
Cord plasma 25(0OH)D (n=691)
Black vs. white 2.72[1.09,6.77] 1.85[0.70, 4.91]

Abbreviations: SGA, Small-for-gestational age; AGA, appropriate-for-gestational age; 25(OH)D, 25 hydroxyvitamin D
aModeI 1. Adjusted for season of blood draw, maternal age, pre-pregnancy body mass index

bModeI 2. Model 1 + 25(OH)D level
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