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The Effects of Maternal Body Mass Index
on Biometric Parameters in the
Fetal Period

Anne Beden Kitle Indeksinin Biyometrik
Fetal Parametreler Uzerine Olan Etkileri

ABSTRACT Opbjective: To research the effects of maternal obesity on fetal development at the
prenatal stage by observing the pregnant women with individually different body mass indexes.
Material and Methods: There have been 444 pregnant women ages ranging from 19 to 44 and ges-
tational weeks ranging from 14 to 40 included in the research. The pregnant women divided into
three groups according to their body mass indexes. Group 1 consists of 139 pregnant women and
the body mass index ranging from 20 to 24,9. Group 2 consists of 185 pregnant women and the
body mass index ranging from 25 to 29,9. And group 3 consists of 120 pregnant women and the
body mass index ranging from 30 to 34,9. The parameters of head circumference (HC), bi-parietal
diameter (BPD), abdominal circumference (AC) and femur length (FL) of fetuses have been meas-
ured. Additionally, the means of fetal parameters for each gestational weeks, trimesters and months
are calculated for each group according to the maternal body index. Results: There was a strong
relationship between all the parameters and gestational weeks (p<0.001). There was a relationship
between maternal weight and fetal parameters (p<0.001). Additionally, it has been observed that
there was a significant difference between the trimester and months of the same groups (p<0.05),
while there was no significant difference between the same months and the same parameters
among the groups observed (p>0.05). Conclusion: It has been observed that the more the mater-
nal body mass increases, the more the fetal parameters increases. There is a chance that the greater
increase in maternal weight gain during pregnancy may cause negative effects on fetal develop-
ment. We assume that the data we have gathered in our research will provide the suitable insight
about the relationship between the maternal weight in fetal period and the fetal parameters.

Key Words: Pregnancy; fetal development; ultrasonography; body mass index; obesity

OZET Amag: Farkli beden kitle indeksine sahip gebelerdeki maternal obezitenin prenatal dénem-
deki fetal gelisim iizerine olan etkilerini aragtirmak. Gereg ve Yontemler: Caligmaya yaglar1 19-44
arasinda olan ve gebelik haftas: 14-40 haftalar arasinda degisen 444 hamile dahil edildi. Gebeler
beden kitle indeksine gére; beden kitle indeksi 20-24,9 arasinda olan 139 gebe kadin I. grup, 25-29,9
arasinda olan 185 gebe kadin II. grup ve 30-34,9 arasinda olan 120 gebe kadin III. grup olarak ii¢
gruba ayrildi. Fetuslara ait bas ¢evresi (HC), bi-parietal ¢ap (BPD), karin cevresi (AC) ve femur
uzunlugu (FL) parametreleri alindi. Ayrica annenin beden kitle indeksine gore fetus parametrele-
rinin haftalara, trimestere ve aylara gére ortalamalar: hesaplandi. Bulgular: Tiim parametreler ile
gestasyonel yas arasinda anlaml iligki vardi (p<0,001). Annenin beden kitle indeksi ile fetus para-
metreleri arasinda anlaml iliski vardi (p<0,001). Annenin beden kitle indeksine gore fetus para-
metrelerinde, trimester ve ay gruplarinda gruplar arasi fark varken (p<0,05), grup ici karsilastirmada
fark bulunamadi (p>0,05). Sonug: Maternal beden kitle indeksindeki artigin fetal parametreleri de
artirdig1 gozlemlendi. Gebelik siiresince anne kilosundaki agir1 artiglar fetal gelisimi negatif yonde
etkileyebilir. Caligmamizdaki verilerin fetal donemde maternal kilo ile fetal parametreler arasindaki
iliskinin degerlendirilmesinde yardimci olacagim diisiinmekteyiz.

Anahtar Kelimeler: Gebelik; fetal gelisim; ultrasonografi; beden kitle indeksi; obezite
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etal development is described as the increase
Fin the anatomic diameters of the fetus.! The

observation of the gestational week and fetal
development are the main parts of the obstetric ob-
servations. Developmental failures and macrosomia
affect the fetus negatively thus increasing the risks
of mortality and morbidity chances. So we can say
that it is crucial to know the developmental prob-
lems, early diagnosis and treatment methods and
the fetal development.?3 Because it is known that
the controlled termination or monitoring of the
pregnancies require the detection of fetal develop-
ment.* Fetal development is mainly under control
of the genetics. Moreover the blood stream to the
fetus and the nutrients provided by the blood
stream also affect the fetal development exter-
nally.’ The biometric parameters of fetal weight,
crown-rump height (CRL), head circumference
(HC), abdominal circumference (AC), bi-parietal
diameter (BPD), femur length (FL) and foot length
of fetuses are measured.® It is known that the pa-
rameter of BPD is the first parameter to determine
the fetal age and it is dependable between the ges-
tational weeks of 12 to 28".7% Additionally the
head circumference parameter is a lot less affected
than BPD from the developmental disorders.” The
femur length is also another useful way to deter-
mine the age of a fetus. Moreover it has been men-
tioned in the earlier studies that it is a brilliant way
to detect any skeletal system anomalies.®”*10 It is
also known that the fetal abdominal circumference
is proven to be useful in detecting the fetal growth
but it is easily affected from any deviation occurs in
the fetal development.”!!

The fetal growth may be affected from the en-
vironmental, fetal, maternal, placental and toxic
factors.”> We can describe the maternal factors that
affect the fetal growth as the mother’s age, weight,
feeding habits, the diseases she had and harmful
habits.”> The weight of the mother which affects the
fetal growth is considered to be important since the
obesity is one of the most important health issues in
the developed and developing countries.®>!® Ad-
ditionally, the obesity before or during pregnancy
may affect negatively both mother and the fetus
through various mechanisms.' In fact there is a
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thought that the affects of the obesity at the fetal
stage may also be the reason of some disorders

occur at the adult stage.!316

The previous studies about the affects of ma-
ternal obesity on fetal development observed the
affects of the body mass index (BMI) values on the
fetal birth date.'”!” There are studies that observed
the affects of the maternal obesity on the fetal birth
date and whether the maternal obesity caused any
anomalies in the fetus.’*?® Wolfe et al. observed
that the increased maternal BMI results in mater-
nal diabetes and preeclampsia and it results in fetal
macrosomia.'>!®?! Additionally, it has been ob-
served that the lower BMI results as premature
birth, low birth weight and perinatal death of the
fetuses.”! Abenhaim et al. pointed that the low BMI
decreases the chance of any developmental anom-
alies to occur.'” Yu et al. showed that high mater-
nal BMI causes an increase in the numbers of
macrosomic fetuses thus increasing the rate of ce-
sarean delivery and fetus deaths before the birth."
Additionally, it is pointed that the children of the
obese mothers are likely to be obese later in life.”

In this study we gathered the obese mothers
with different BMI values and observed the affects
of obesity on the fetal biometric parameters of HC,
BPD, AC and FL as a difference from the previous
studies.

I MATERIAL AND METHODS

The study included the pregnant women who vis-
ited frequently the Ozel Isparta Hospital, Obstet-
rics and Gynecology clinic for pregnancy
examination. Patients were informed about the
study and patients were included in the check.
There were 444 healthy pregnant women ages
ranging from 19 to 44 years (mean: 26,4) and ges-
tational weeks ranging from 14 to 40 week in-
cluded in the research. The fetuses that are
observed to have developmental disorders, anom-
alies, multifetal pregnancies, pregnant women who
do not remember their last period and the ones
who had any diseases were not included in the re-
search. The weight of the women has been meas-
ured by a digital weighing machine and the height
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of the women measured by an anthropometry. The
BMI values of women calculated by dividing the
weight (in kilograms) of the height squared (in me-
ters) (BMI=weight/height?). The pregnant women
divided into three groups according to their body
mass indexes. Group 1 consists of 139 pregnant
women and the body mass index ranging from 20
to 24.9. Group 2 consists of 185 pregnant women
and the body mass index ranging from 25 to 29.9.
And group 3 consists of 120 pregnant women and
the body mass index ranging from 30 to 34.9. The
parameters of head circumference (HC), bi-parietal
diameter (BPD), abdominal circumference (AC)
and femur length (FL) of fetuses have been meas-
ured. The means and standard deviations of the
fetal parameters are calculated for gestational
weeks, trimesters, months and BMI groups inde-
pendently. Additionally the means and standard
deviations of the fetal parameters belonging to each
BMI group are calculated for gestational weeks,
trimesters and months.

The measurements are done by a researcher
(RD). The data is collected with the help of the 5-
2 mHz probe of Philips HD7 diagnostic ultrasound
device via the transabdominal way. The methods
used in the previous studies are used again to meas-
ure the parameters in this study too. HC is meas-
ured by the ellipse shape that a skull has.®? The BPD
is measured where the midline of falk cerebri echo
and the cavum septi pellisidum are met and where
they are largest by measuring the parietal skull
bones from outside to inside.?*?* AC measurement
is done where the vena portae is divided right be-
fore the umbilical entry by measuring the antero-
posterior and transverse diameters.>!! FL. measured
as the distance from the lateral condyle of major

trochanter.!%?

All the calculations are done by the SPSS sta-
tistical program. The significance level of all sta-
tistical tests are considered as p<0.05. Since the
sample sizes in some groups are considerably low,
the non-parametrical test of Kruskall-Wallis. The
groups that are found significant are tested in
groups of two in Mann-Whitney U test. And the
Benferroni correction is used for assessing multi-
ple comparison correction. The relationship be-
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tween the parameters and gestational weeks has
been tested with the Pearson correlation. The
gathered p values are displayed below and in the
tables.

I RESULTS

In this study we have calculated the means and the
standard deviations of the relationships between
the fetal parameters of HC, BPD, AC and FL and
the specific groups like gestational weeks,
trimesters, months and BMI groups. The results are
also shown in the Table 1 to 4. We have observed
that the fetal parameters of trimesters and the fetal
parameters of months differ significantly from each
other (p<0.05, Table 2, 3). The BMI groups are ob-
served not to be different from each other signifi-
cantly (p>0.05, Table 3). The fetal parameters
belonging to the BMI groups for gestational weeks
are shown in the Table 5. The means and the stan-
dard deviations of BMI parameters at trimesters
and months are shown in Table 6 and 7. It has been
observed that there are significant differences
among the parameters that belong to same BMI
groups in trimesters and months (p<0.05, Table 6,
7). However there has been no significant differ-
ence observed in the parameters of BMI groups at
the same trimesters and months (p>0.05, Table 6,
7). It has been observed that the fetal parameters
are increased by the gestational age increases and
the increase is significant (p<0.001).

I DISCUSSION

It is common in many studies to use the parame-
ters of fetal weight, CRL, HC, BPD, AC, FL and foot
length for evaluating the fetal growth.® Since the
early diagnosis of any developmental disorders and
anomalies is crucial for the treatment process, eval-
uating the fetal growth and the gestational age be-
come important factors.?

There are many studies that pointed out the
fetal growth speed at the fetal period.>®*? Sener
et al. aimed to match the parameters they have
gathered with the previous studies.?* Bese et al.
aimed to produce new fetal biometric curves from
the fetal parameters they gathered.” Johnsen et
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TABLE 1: The means and standard deviations of fetal parameters for gestational weeks (mm).

Week N HC BPD AC FL
14 11 97.3+5.9 26.7+2.7 82.3:10.2 14.4+2.4
15 12 116.9+10.7 33.0+2.6 103.0+10.4 19.1£3.6
16 34 131.5+11.0 36.4+2.5 111.0+19.2 23.3+2.4
17 13 139.618.7 38.612.5 123.2+7.1 25.32.2
18 6 143.8+3.5 40.5+1.0 135.9+7.3 27.4+0.9
19 9 165.6+11.1 45.7+1.9 145.9£11.0 32.4£2.6
20 11 180.018.0 49.242.0 163.5+12.4 35.0£2.6
21 18 181.8+11.3 51.3£2.9 166.4+8.4 36.4+2.8
22 19 204.0£9.4 56.53.3 183.1+11.2 40.3£2.0
23 15 210.9£9.1 58.4+2.9 191.2+10.7 42.2+2.7
24 18 222.8+134 61.1+3.4 199.9+11.4 45.2+2.2
25 20 235.2+9.5 65.2+3.5 216.7+15.0 47.5+2.2
26 27 247.6+17.2 68.1+5.6 231.4+23.1 50.5+4.4
27 15 256.9+11.5 69.7+3.4 232.6+11.5 51.4+3.6
28 14 259.6+12.3 72.7+£3.1 249.7+12.7 53.7+£2.7
29 18 273.5+8.3 77.0£2.9 258.0+10.7 58.0+2.0
30 14 282.0+12.5 78.7+2.8 266.2£11.3 58.9+1.9
31 11 285.3+16.9 80.1+4.7 269.7+27.4 59.418.7
32 10 297.7+6.4 83.0£2.3 293.3+11.6 64.4:2.4
33 13 304.8+4.5 85.6+2.3 302.1£15.0 66.32.0
34 28 311.4+7.0 85.8+4.3 308.8+9.3 67.8£2.4
35 14 317.0+8.8 86.8+5.8 313.7+11.5 70.2+2.6
36 15 323.0+7.5 89.6+2.9 319.8+10.9 70.5£2.8
37 34 326.848.7 91.7+4.7 331.8+11.9 72.3+3.1
38 27 333.0+11.4 94.0+1.9 339.7£12.5 73.3x2.9
39 12 335.348.0 95.6+2.3 340.2+12.7 73.8+3.5
40 6 336.1+6.5 96.7+2.7 346.5+12.8 76.8+2.8
HC: Head circumference; BPD: Bi-parietal diameter; AC: Abdominal circumference; FL: Femur length.
TABLE 2: The means and standard deviations of fetal parameters for trimesters (mm).
Trimester Group Age (week) N HC BPD AC FL
Group 1 14.-25. week 186 172.2+44 4 4791121 154.4+43.6 33.2£10.6
Group 2 26.-37. week 179 285.6+28.5 79.2+8.3 275.2+35.8 60.6+8.1
Group 3 38.-40. week 79 330.9£10.1 93.5+3.8 336.9+13.0 73.2£3.3
Total 14.-40. week 444 246.4+73.0 68.6+20.7 235.6+81.0 51.4+18.2

p<0.05: There is a significant difference among trimesters. HC: Head circumference; BPD: Bi-parietal diameter; AC: Abdominal circumference; FL: Femur length.

TABLE 3: The means and standard deviations of fetal parameters for months (mm).

Age (month)
4
5
6
7
8
9

10
Total

N
57
39
70
76
53
70
79

444

HC
121.8£16.7
157.6+£19.2
204.6+18.6
248.4+16.1
282.8+14.0

313.8+9.3
330.9+10.1
246.4+73.0

BPD
33.8+4.5
43.5+4.9
56.7+4.7
68.5+4.9
79.2+£3.8
86.8+4.3
93.5+£3.8

68.6+20.7

AC
103.8£19.5
141.7+18.8
184.9+16.2
231.1x20.3
269.3+19.8
310.9+12.5
336.9+13.0
235.6+81.0

FL
20.7+4.4
30.0+4.7
41.0+4.0
50.5+4.0
59.7+4.8
68.6+2.8
73.24£3.3

51.4+18.2

p<0.05: There is a significant difference among months.
HC: Head circumference; BPD: Bi-parietal diameter; AC: Abdominal circumference; FL: Femur length.
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TABLE 4: The means and standard deviations of fetal parameters for the BMI groups (mm).

BMI - Group BMI N HC

Group BMI-| 20-24.9 139 233.9+75.0
Group BMI-II 25-29.9 185 252.0£73.1
Group BMI-II 30-34.9 120 252.2+69.3
Total 20-34.9 444 246.4+73.0

BPD AC FL
65.0£21.0 221.1+80.5 48.3+18.4
70.2+20.7 241.9+81.9 52.6+18.1
70.4£19.9 242.6+78.8 53.0£18.0
68.6+20.7 235.6+81.0 51.4+18.2

p>0.05: There is not a significant difference among the BMI groups.

HC: Head circumference; BPD: Bi-parietal diameter; AC: Abdominal circumference; FL: Femur length.

TABLE 5: The means of fetal parameters belonging to the BMI groups measured in each gestational week (mm).
N HC BPD AC FL
BMI Group BMI Group BMI Group BMI Group BMI Group

Age(week) I Il I I ] I I n I I n I moom

14 8§ 3 2 983 7 978 27,0 266 262 833 838 770 146 148 132
15 5 4 3 1089 1206 1253 31,3 332 356 989 1055 1064 188 179 213
16 10 16 8 1288 1277 1423 357 358 387 140 1052 1189 227 231 245
17 5 5 3 1356 1446 1377 382 403 364 17,7 1282 1238 249 265 237
18 2 2 2 1412 1435 1468 403 408 405 1291 142 1375 275 274 274
19 4 3 2 1732 1544 1670 471 436 462 1498 1402 1466 328 320 322
20 4 4 3 1792 1831 17,2 495 49,00 492 1642 1666 1584 B4 364 328
21 7 6 5 1800 1870 1783 513 525 50,0 1675 1689 1618 371 35 352
22 6 8 5 2084 2013 2031 588 553 556 187,6 1774 1870 419 394 403
23 5 6 4 2115 21,1 2099 571 593 586 191,3 1938 187, 419 427 420
24 9 5 4 2199 2230 2291 802 612 631 2009 1984 1994 448 448 468
25 4 12 4 2344 2348 2372 639 656 655 2173 2135 2255 460 476 488
26 1 1 6 2436 2550 2408 865 703 667 2241 2411 2255 484 522 508
27 5 4 6 2564 2497 2620 694 687 706 2080 2272 2402 51,0 51,8 515
28 5 5 5 2630 2610 2555 708 728 743 2451 2535 2487 542 540 532
29 5 7 6 2699 2754 2743 763 759 788 2536 2552 2651 568 57,8 594
30 5 5 4 2807 2778 2887 786 773 805 2651 2664 2673 592 594 578
31 3 5 3 2842 2857 2860 782 806 81,1 2549 2837 2611 610 564 629
32 3 4 3 2977 2970 2985 826 823 845 2863 2911 3032 659 632 646
33 3 5 5 3012 3072 3047 849 876 842 2959 3058 3021 660 668 66,0
34 9 13 8 3039 3123 3117 855 856 866 3087 3070 3129 672 67,9 683
35 4 5 5 3211 3144 3162 883 874 852 3194 3114 3116 705 696 707
36 3 7 5 3287 3223 3204 933 893 880 3201 3176 3228 701 707 705
37 6 19 9 3288 3258 3278 920 912 928 3328 3207 3355 722 715 74,1
38 7 138 7 3389 3323 3285 948 930 951 3374 3416 3388 734 722 734
39 3 6 3 3316 3352 3393 940 965 952 3419 3376 3436 752 732 735
40 2 2 2 3315 3309 3370 980 975 948 3465 3369 3563 784 758 765

HC: Head circumference; BPD: Bi-parietal diameter; AC: Abdominal circumference; FL: Femur length.

al. aimed to determine new parameters from HC
and BPD and compare them with the parameters
used before for evaluating the fetal age.? Addi-
tionally, they hoped to find both maternal and
fetal factors at the second trimester to determine
the fetal age.®
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Torloni et al. looked for the relationship be-
tween the BMI value and the premature births.'
Cnattingius et al. searched for the affects of high
maternal weight on late fetal death, early neonatal
death, premature birth and stillbirth prior to the
pregnancy.” Yu et al. observed the affects of obe-
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sity at the pregnancy on maternal and fetal mor-
bidity and mortality.'® Abenhaim et al. searched for
the obstetric and neonatal affects of maternal BMI
at pregnancy.'? Wolfe et al. worked on the clinical
advantages of maternal BMI at pregnancy.?!

In this study we gathered the obese mothers
with different BMI values and observed the affects
of obesity on the fetal biometric parameters of HC,
BPD, AC and FL as a difference from the previous
studies. The results are also shown in the Table 1 to
4. There is a significant difference observed be-
tween the trimesters and months while there is no
significant difference observed among the BMI
groups. Thus this result brought us to the thought
that the fetal parameters are not affected from the
maternal BMI (Figure 1 to 4). The previous studies
suggest that the increased maternal BMI results in
maternal diabetes and preeclampsia and it results
in fetal macrosomia.®'*?! Which suggest that the
fetal parameters, especially the fetal weight will be
affected from the maternal BMI positively. Cnat-
tingius et al. suggest that the pregnant women with
higher BMI would give birth to the small fetuses
for gestational age.”” Which suggest that the fetal
parameters will be affected from the maternal BMI
negatively. Thus this concludes that our study is
not consistent with previous studies. This led us to
the thought that there are geographical differences
or mistakes done when gathering the data.

The means and the standard deviations of the
fetal parameters belonging to the BMI groups at the
same gestational weeks, months and trimesters are
calculated (Table 5 to 7). There has been no signif-
icant difference observed in the parameters of BMI
groups at the same trimesters and months (Figure 1

400
350 —BMI | o
300 —BMIII =
B} 250 BMI I /é_ﬂ,..—"""f
T 200 ol
150 /ﬂﬁJ
100
50
0
10 15 20 25 30 35 40
Gestational age (week)

FIGURE 1: HC values of BMI groups for the gestationel weeks.
HC: Head circumference; BMI: Body mass index.
(See color figure at http:/jinekoloji.turkiyeklinikleri.com/)
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FIGURE 2: BPD values of BMI groups for the gestationel weeks.
BMI: Body mass index; BPD: bi-parietal diameter.
(See color figure at http://jinekoloji.turkiyeklinikleri.com/)
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FIGURE 3: AC values of BMI groups for the gestationel weeks.
AC: Abdominal circumference; BMI: Body mass index.
(See color figure at http://jinekoloji.turkiyeklinikleri.com/)
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FIGURE 4: FL values of BMI groups for the gestationel weeks.
FL: Femur length; BMI: Body mass index.

(See color figure at http://jinekoloji.turkiyeklinikleri.com/)

to 4, Table 6, 7). It has been observed that there are
significant differences among the parameters that
belong to same BMI groups in trimesters and
months (Table 5, 6). As a result we can say from
our data that the fetal parameters at the same
months and trimesters are not affected from the
maternal BMI. Additionally, it has been observed
that the fetal parameters are increased by the ges-
tational age increases and the increase is significant
(p<0.001).

The previous studies displayed that the fetal
parameters are affected from the high maternal
BMI, gestational diabetes, preeclampsia, and smok-
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ing."”8 Such pathological issues may result as the
premature births, macrosomic fetuses, stillbirths,
prolonged pregnancies, low birth weights and small
fetuses for the gestational age.'>!”'820 Thus it is cru-
cial to observe the pregnancies in such situations.

We did not use the parameter of fetal weight
for evaluating the fetal development. The fetal
weight is calculated from the other fetal parame-
ters that are used for evaluating the fetal develop-
ment, affected from many maternal and fetal
factors and the fetal weight at birth is considered as
utilizable data in the studies. Thus the fetal weight
is not a dependable parameter at all. Since this
study is connected with the fetal development, we
have used the parameters of HC, BPD and FL

where the lengths of bones are measured and
which leave very little room for errors thus be-
coming more dependable parameters.

I CONCLUSION

The results of this study showed that those param-
eters are not affected from the different maternal
BMI values. Thus we consider our study as an an-
tecedent one on this matter. It is a requirement that
new studies about the pregnant women with dif-
ferent BMI values to observe the maternal obesity
affects on the fetal development with larger sample
sizes. We assume that the data we have gathered in
this study should prove useful for the clinicians for
evaluating the fetal development.
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