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ABSTRACT

Impaired glucose tolerance has several adverse effects on growing fetus. In this study we evaluated the effect of ex-
cessive weight gain during pregnancy on the risk of glucose intolerance in pregnant women. A case-control study was
conducted through which the glucose tolerance status after 100 gram oral glucose intake was compared between 60
pregnant women with maximum 10 weeks of gestation and excessive weight gain between gestational age 10 and 28
weeks and 60 pregnant women with excessive weight gain. Impaired glucose tolerance was defined as one high level
in glucose tolerance test after 100 g oral glucose intake, and two high levels were considered gestational diabetes. In
women their weight gain ratio exceeded unity, the chance of glucose intolerance was four times higher than that in
the women with normal weight gain (%13 versus %3.3, P-value = 0.05). It can therefore be concluded that excessive
weight gain during pregnancy elevates the risk of glucose intolerance in pregnant women.
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1. Introduction

Gestational diabetes mellitus (GDM) is known to have
negative consequences for both mother and infant,
including excessive fetal growth, intra-uterine fetal
death (IUFD), intra-uterine growth restriction (IUGR),
increased risk of birth injuries, and cesarean delivery
with its related risks (Williams obstetrics 2010). Im-
paired glucose tolerance (IGT), a state of glucose intol-
erance of less severity than GDM, has also been shown
to have similar risks in some populations (Tallarigo et
al., 1986; Tan YY et al., 1986).

Irrespective of the pregnancy, weight gain is a recog-
nized risk factor in the development of type 2 diabetes
(Bray et al., 1992; Chan et al., 1994). Even the mod-
est weight gain influences the progression along the
continuum of glucose intolerance, increasing its sever-
ity (Colditz et al., 1995; Saldana et al., 2006). Several
studies have shown the relationship between the in-
creased adiposity and the increase of insulin resistance
resulting in higher risk for type 2 diabetes (Olefsky,
1998; Bray et al., 1998).

Weight gain in early pregnancy, has been shown to be
mostly composed of adipose tissue, with the majority
of fat mass gained during the first 20- 23 weeks of ges-
tation (Dornhost et al., 1996; van Raaij et al., 1998;
Saldana et al., 2006). Therefore, it is plausible that ex-
cessive weight gained during the first two trimesters of
pregnancy can increase the risk of development of glu-
cose intolerance (Saldana et al., 2006).

Previous studies have established a relationship be-
tween increasing pre-pregnancy weight and the GDM
(Solomon et al., 1997; Rodrigues et al., 1999), howev-
er only limited studies have examined the relationship
between weight gain during pregnancy and the risk of
developing GDM (Saldana et al., 2006; Savitz et al.,
1999). Moreover, to our knowledge there is only a sin-
gle study to examine the relationship between pregnan-
cy weight gain and the risk of developing IGT during
pregnancy (Saldana ez al., 2006). Understand the impact of
excessive weight gain on glucose tolerance status allows
for preventing excessive weight gain through extending
the current recommendations of IGT and GDM prevention
(Lu et al., 2001, Taffel et al., 1993).

This study aimed at examining the independent association
of pre-pregnancy body mass index (BMI) and the amount
of weight gain during pregnancy (prior to diagnosis of
GDM) with glucose intolerance in a population of pregnant
women who came to Booali hospital clinic for prenatal care.

2. Material and Method

2.1. Study population recruitment
The population study was selected among pregnant
women coming to Booali hospital for prenatal care

during March 2010 to March 2011, with a gestation-
al age (GA) of below 10 weeks at their first visit. We
excluded women who had overt diabetes mellitus, but
women with history of GDM in their previous preg-
nancies were included. Data acquiring was done us-
ing a questionnaire asking patients the age, the parity,
the smoking behavior and the history of GDM in prior
pregnancies. Data on patient weight and height was lo-
cally measured and recorded at first visit and used to
calculate the patient BMI (Kg/m2). All women were
visited every four weeks on a regular basis. The patient
BMI was updated at 28th gestational age.

2.2. Weight gain and weight gain ratio calculation
Maternal weight and height were measured in the clinic
at the first visit and BMI was calculated accordingly. The
calculated BMI data corresponding to the first visit (like
pre-pregnancy BMI) (kg/m2) was categorized according
to the Institute of Medicine (IOM) guidelines: underweight
<19.8 kg/m2, normal weight= 19.8- 26 kg/m?2, overweight
>26- 29 kg/m2, and obese > 30kg/m?2 (Ogata, 1995; Insti-
tute of Medicine, 1990).

Regarding the small size of the underweight and normal-
weight groups the related data was combined and used as a
single category. Observed maternal weight gain was calcu-
lated by subtracting maternal weight at the GA of 10 weeks
or less from the weight at the GA=28 weeks which corre-
sponds to the end of the second trimester. Weight gain ratio
was considered as the ratio of the observed weight gain
to the recommended weight gain within the same period.
The recommended weight gains were based on [OM BMI-
specific recommendations (Table 1; Institute of Medicine
1990; Siega- Riz et al., 1994).

Biological relevance of the weight data was verified, and
all women gained over 2.3 kg/week or lost less than 1.1
kg/week were excluded from the study and referred to
more work-up.

Table 1. IOM- BMI recommendation: weekly rate of maternal
weight change (kg) during 2"° & 3™ trimesters of pregnancy

Primary BMI IOM- BMI recommended weight gain during 2™
(kg/m2) trimester of pregnancy (kg/week)
<19.8 0.485
19.8-26 0.440
26-29 0.304
>30 0.304

2.3. Case and control groups

The study population was divided into a control group
of consisting 60 pregnant women with normal weight
gain and a case group of involving 60 pregnant women
with weight gain higher than normal recommendations
(weight gain ratio higher than 1).
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2.4. Case and control groups

All members of the population study were undergone
OGTT with 100 g of oral glucose. Cut points of 105
were used for fasting blood sugar. Cut points of 190,
165, 145 mg/ml was also used for one, two and three
hour(s) post-parandial blood sugar values respectively
to define the abnormal values (Williams obstetrics,
2010). GDM was defined as having two or more ab-
normal values from the OGTT. There is currently no
broadly recognized definition for the classification
of IGT during pregnancy. For these analyses we de-
fined IGT as having only one abnormal value from the
OGTT. Normal glucose tolerance (NGT) was defined
as having no high values on the OGTT.

2.5. Statistical analysis

Data management was performed using the SPSS16.
Sample weights were incorporated into all analyses. Bi-
variate analysis was performed using X? test to examine
the significance of the difference between the categorical
variables. One-way analysis of variance (ANOVA) was
also used for overall comparison of continuous variables.
Potential confounders were identified from the literature
which included maternal age, height, pre-pregnancy
BMI, smoking and parity. These factors were matched
in two groups. Finally the interaction of the weight gain
ratios in pregnancy was evaluated and found to be a sig-
nificant predictor of the likelihood of developing IGT. In
our samples nobody had GDM at GA of 28 weeks.

3. Results

The case and control groups were matched for age and
parity (Table 2) hence the IGT incidence difference in
our study was not related to age and parity. Also no-
body in our study population was smoker. Primary
BMI in women in both case and control groups had not
significant difference (P-value > 0.05) but weight gain
amounts and weight gain ratio were significantly differ-
ent between the two groups.

13% of the case group and 3.3% of the control group
had IGT (4 times higher in the earlier) whose difference
was found to be significant (P-value = 0.05).

In this study we did not find significant difference between
the pre-pregnancy BMI and IGT during pregnancy (P-
value = 0.6) perhaps because of the limited scope of the
study. In the case group 6 members (10%) had a his-
tory of GDM in their previous pregnancies (albeit the
women having IGT in this study were not the same per-
sons), whereas nobody in the control group had such a
history. No significant difference between the groups
was observed with respect to this criterion (P-value >
0.05). In this study nobody from case or control groups
had GDM during our follow-up.

Table 2. Specificities of women in case and control groups

(E:::) C(g:;:;;)l P-value

Maternal age (years) 26.46+3.77 | 27.03 +5.91 > (0.05

Maternal BMI (kg/m2) | 24.86+3.66 | 24.04+3.46 > 0.05

Maternal parity 3.2+ 1.1 3.1+1.2 > 0.05
Smoker mother 0 0

Maternal weight gain | g 4, 53 | 447222 =0.01

(kg)

Weight gain ratio 1.65+ 0.42 0.75+0.23 =0.001

History of GDM 6 (10%) 0 >0.05

IGT 8 (13%) 2 (3.3%) =0.05

4. Discussion

The association between obesity and impaired glucose
tolerance (which is a sign of impaired glucose metabo-
lism) in pregnant and non-pregnant women is well rec-
ognized. If the weight gain is not restricted, IGT can
progress to overt diabetes. Diabetes has many adverse
effects in pregnancy for mother and the fetus such as
excessive fetal growth, intra-uterine fetal death (IUFD),
intra-uterine growth restriction (IUGR), increased risk of
birth injuries, and cesarean delivery with all related risks
(Williams obstetrics, 2010). Impaired glucose tolerance
(IGT), a state of glucose intolerance of less severity than
GDM, has also been shown to have similar risks in some
populations (Tallarigo ef al., 1986; Tan YY et al., 1986).
Our aim in this study was to evaluate the effects of the
excessive weight gain during pregnancy on glucose
tolerance status. Because any positive association be-
tween these two factors is indicative of the role of ex-
cessive weight gain as one of the risk factors for IGT
in pregnancy and GDM, if such an association is ob-
served, the excessive weight gain in pregnant women
must be prevented by prescribing a suitable regimen to
prevent IGT and GDM.

At first the two groups in our study were matched for
mean age and parity. Finally we found that the frequen-
cy of impair glucose tolerance was four times higher
in the women with excessive weight gain during preg-
nancy relative to those with normal weight gain.
Literature survey identified a couple of related studies
to ours. In the first study conducted on 952 pregnant
women at the University of North Carolina (August
1995-May 2000), an association was found between
the excessive weight gain during pregnancy (in already
overweight women) and the increased risk of IGT. Simi-
lar results also obtained in another study enrolling 75
pregnant women (at department of OB-GYN at Lenox
Hill hospital,(Hackmon et al., 2007). The result of our
study is in agreement with the previous related finding,
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providing more support for the hypothetical presence of
a causative relationship between excessive weight gain
during pregnancy and the risk of IGT. Our results invoke
motivation for conducting large-scale studies for further
confirmation of this hypothesis thereby seeking for ef-
fective IGT preventing approaches.

5. Acknowledgement

We wish to thank Islamic Azad University-Tehran
Medical Branch for providing financial support to this
study (research number: 52169- 1387/10/26).

6. References

Abrams B, Parker JD. Maternal weight gain in women with good
pregnancy outcome. Obstet Gynecol. 1990; 76:1- 7.

Bray GA, Bouchard C, James WPT. Handbook of obesity. NY:
Marcel Dekker. 1998.

Bray GA, Bouchard C, James WPT. Handbook of obesity. New
York: Marcel Dekker. 1998.

Carpenter MW, Coustan DR. Criteria for screening tests for ges-
tational diabetes. Am J Obstet Gynecol. 1982; 144:768-73.

Catalano PM, Roman NM, Tyzbir ED, Merrit AO, Driscoll P,
Amini SB. Weight gain in women with gestational diabetes. Ob-
stet Gynecol. 1993; 81:523-8.

Chan JM, Rimm EB, Colditz GA, Stampfer MJ, Willett WC.
Obesity, fat distribution, and weight gain as risk factors for clini-
cal diabetes in men. Diabetes Care. 1994; 17:961-9.

Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain
as a risk factor for clinical diabetes mellitus in women. Ann Inter
Med. 1995; 122:481-6.

James DK, Philip JS, Steer PJ, Weiner CP, MD, Gonik B,
Crowther C, Robson S. High Risk Pregnancy. Management Op-
tions. 4" ed. London: W.B. Saunders Company, A Division of
Harcourt Brace & Company, 2009.

Dornhorst A, Hadden DR. Diabetes and pregnancy: an interna-
tional approach to diagnosis and management. Chichester (UK):
John Wiley and Sons, Inc., 1996.

Report of the Expert Committee on the Diagnosis and Classifica-
tion of Diabetes Mellitus. Diabetes Care. 2000; 23:S4-19.

Gunningham FG, Leveno KJ, Bloom SL, Haulth JC, Gil-
strap IT LC, Wenstrom KD. Williams obstetrics. 23 ed. NY:
Mc Graw Hill, Medical Publishing Division, 2010.

Galtier-Dereure F, Montpeyroux F, Boulot P, Bringer J, Jaffiol
C. Weight excess before pregnancy: complications and cost. Int J
Obes Relat Metab Disord. 1995; 19:443-8.

Hackmon R, James R, O’Reilly G, Feber A, Barnhard Y, Divon
M. The impact of maternal age, body mass index and ma-ternal
weigth gain on the GCT in pregnancy. Department of OBGYN,
Lenox Hill hospital NY 10025, USA. J. Maternal Fetal Neonatal
Med. 2007, 20: 253-7.

Hytten F, Leitch I. The physiology of human pregnancy. 2™ ed.
UK (Oxford): Blackwell Scientific Publications, 1971.

Institute of Medicine Subcommittee on Nutrition Status and
Weight Gain During Pregnancy. Washington (DC): National
Academy Press. 1990.

Langer O, Brustman L, Anyaegbunam A, Mazze R. The signifi-
cance of one abnormal glucose tolerance test value on adverse
outcome in pregnancy. Am J Obstet Gynecol. 1987; 157:758-63.

Lederman SA, Paxton A. Maternal reporting of prepreg-
nancy weight and birth outcome: consistency and com-
pleteness compared with the clinical record. Maternal
Child Health J. 1998; 2:123-6.

Lindsay MK, Graves W, Klein L. The relationship of one abnor-
mal glucose tolerance test value and pregnancy complications.
Obstet Gynecol. 1989; 73:103-6.

Lu GC, Rouse DJ, Bard MD, Cliver S, Kimberlin D, Hault JC.
The effect of increasing prevalence of maternal obesity on perina-
tal morbidity. Am J Obstet Gynecol. 2001; 185:845-9.

Ogata ES. Perinatal morbidity in offspring of diabetes mothers.
Diabetes Rev. 1995; 3:652-7.

Olefsky JM. Lilly lecture 1980. Insulin resistance and in-
sulin action. An in vitro and in vivo perspective. Diabetes.
1981; 30:148-62.

Ratner RE, Hamner LH 3rd, Isada NB. Effects of gestational
weight gain in morbidity obese women: I. Maternal morbidity.
Am J Perinatol. 1991; 8:21-4.

Reaven GM. Banting lecture 1988. Role of insulin resistance in
human disease. Diabetes. 1988; 37:1595-607.

Creasy RK, Resnik R, Tams JD. Maternal-Fetal Medicine. 6" ed.
London: W.B. Saunders Company, A Division of Harcourt Brace
& Compan, 2009.

Rodrigues S, Robinson EJ, Ghezzo H, Gary-Donald K.
Interaction of body weight and ethnicity on risk of gesta-
tional diabetes mellitus. Am J Clin Nutr. 1997; 70:1083-9.

76 J Pharm Health Sci | Volume 1 | Issue 2 | winter 2013



Relationship between pregnancy weight gain and imIGT test

Saldana TM, Siega-Riz AM, Adair LS, Saviz DA, Thorp JM Jr.
Effect of macronutrient intake on the development of glucose in-
tolerance during pregnancy. Am J Clin Nutr. 2004; 79:479-86.

Saldana TM, Siega-Riz AM, Adir LS, Savitz DA, Throp JM Jr.
The association between impaired glucose tolerance and birth
weight among black and white women in central North Carolina.
Diabetes Care. 2003; 26:656-61.

Savitz DA, Dole N, Williams J, Thorp JM, McDonald T, Carter
AC, et al. Determinants of participation in an epidemiological
study of preterm delivery. Paediatr Perinat Epidemiol. 1999;
13:114-25.

Seitchik J. Total body water and total body density of pregnant
women. Obstet Gynecol. 1967; 29:155-66.

Semer M, Naylor CD, Farine D et al. The Toronto Tri- Hospi-
tal Gestational Diabetes Project. A preliminary review. Diabetes
Care. 1998; 21:B33-42.

Sepe SJ, Connell FA, Geiss LS, Teutsch SM. Gestational dia-
betes. Incidence, maternal characteristics, and perinatal outcome.
Diabetes. 1985; 34:13-6.

Siega-Riz AM, Adir LS, Hobel CJ. Institute of Medicine ma-
ternal weight gain recommendations and pregnancy outcome
in a predominantly Hispanic population. Obstet Gynecol. 1994;
84:565- 73.

Solomon CG, Willett WC, Garey VI et al. A prospective study
of pregravid determinants of gestational diabetes mellitus. JAMA.
1997;278:1078-83.

Stunkard AJ, Albaum JM. The accuracy of self-reported Weights.
Am J Clin Nutr. 1981; 34:1593-9.

Tatfel SM, Keppel KG, Jones GK. Medical advice on maternal
weight gain and actual weight gain. A results from the 1988 Na-
tional Maternal and Infant Healt Survey. Ann N 'Y Aca Sci. 1993;
678:293-305.

Tallarigo L, Giampietro O, Penno G, Miccoli R, Gregori G, Na-
valesi R. Relation of glucose tolerance to complications of preg-
nancy in nondiabetic women. N Engl J Med. 1986; 315:989-92.

Tan YY, Yeo GS. Impaired glucose tolerance in pregnancy- is
it of consequence? Aust N Z J Obstet Gynecol. 1996; 36:248-52.

Saldana TM, Siega-Riz AM, Adair LS, Suchindran C. The rela-
tionship between pregnancy weight gain and glucose tolerance
status among black and white women in central North Carolina.
Am J Obst Gynecol. 2008; 195:1629- 35.

Tomeo CA, Rich-Edwards JW, Michels KB, Berkey CS, Hunter
DJ, Frazier AL, et al. Reproducibility and validity of maternal

recall of pregnancy- related events. Epidemiology. 1999; 10:774-
7.

U.S. Bureau of the Census. Poverty in the United States. Wash-
ington (DC): Government Printing Office. 1997.

Van Raaij JM, Peek ME, Vermaat-Miedema SH, Schonk CM,
Hautvast JG. New equations for estimating body fat mass in preg-
nancy from body density or total body water. Am J Clin Nutr.
1988; 48:24-9.

J Pharm Health Sci | Volume 1 | Issue 2 | winter 2013 77





