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Abstract
Background

Historically, public health efforts in Tanzania have focused predominantly on addressing underweight
and micronutrient deficiencies in pregnancy, but overweight and obesity are currently increasing.
Context-specific data are essential to guide interventions for this high-risk group, but they are largely
lacking. This study aimed to compare the micronutrient intake of overweight and obese pregnant women
to their normal-weight counterparts and correlate their dietary patterns with cardiometabolic health
outcomes.

Methods

A cross-sectional study looked at dietary micronutrient consumption of 242 pregnant women using
contextualised 179-item FFQ and food composition tables. The micronutrient intake of
overweight/obese participants was compared against normal-weight counterparts and the
recommended intakes. Dietary patterns were determined by reduced rank regression (RRR).

Results

Although less common than normal-weight women, considerable portions of overweight and obese
participants had intakes below recommended for key micronutrients, including vitamins A (6%), B12
(12%), and folate (12%); calcium (48%); iron (11%); and zinc (17%). Yet 57.8% were not taking iron
supplements, 35.6% were not taking folate supplements, and none were taking calcium supplements.
One dietary pattern, namely ‘dysmetabolic’ was identified and was characterised by high consumption of
added sugars, boiled roots/tubers, plantains, meat, fried grain/roots/tubers, poultry, nuts/products and
alcohol, but less consumption of boiled grain/cereals, and legumes/pulses. This pattern was associated
with dyslipidaemia and glucose impairment, but better haemoglobin concentration.

Conclusion

Overweight and obese pregnant women exhibited dietary patterns linked to inconsistent cardiometabolic
health outcomes by addressing some deficiencies, while creating new metabolic risks, and a higher
tendency to neglect recommended micronutrient supplements.

1. Background

Overweight and obesity are recognised as significant chronic public health problems, with their
prevalence continuing to rise globally, especially among women [1, 2]. In Africa, the prevalence of
overweight among women increased from 31% in 2009 to 40% in 2019, while obesity rates rose from
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12% to 19% and are projected to continue growing if no appropriate interventions are made [3].
Consequently, the prevalence of overweight and obesity among pregnant women is rising in parallel,
reaching up to 50% in certain parts of Africa [4].

Tanzania, like many Low- and Middle-Income Countries (LMICs), is now experiencing the double burden
of malnutrition (DBM), marked by the co-existence of undernutrition and the increasing rates of
overweight and obesity. This transition, driven by sociocultural, lifestyle, and economic changes,
presents a complex challenge for maternal healthcare [5, 6]. Given that 39% of pregnant women in
Tanzania are now overweight or obese, this cohort represents a substantial and growing proportion of
the antenatal population [7, 8]. Overweight and obesity are known to significantly increase the risk of
vitamin and mineral malnutrition during pregnancy due to related factors such as poor-quality diets,
higher nutrient requirements, and alterations in micronutrient metabolism [9]. Therefore, this population
is susceptible to adverse maternal and neonatal outcomes stemming from both micronutrient
deficiencies and potentially excessive intakes of certain nutrients [10, 11].

Micronutrients are vital for supporting physiological changes in pregnancy and fetal growth [12-16].
Consequently, deficiencies are concerns that lead to adverse maternal and infant outcomes.
Micronutrient deficiencies in pregnancy are associated with increased risks of miscarriage, anaemia,
premature rupture of the membranes (PROM), placental abruption, preeclampsia, urinary tract infections,
and preterm births [17-20]. Furthermore, infants born to mothers with micronutrient deficiencies have
an increased risk of low birth weight, vision impairments, impaired lung function, serious congenital
defects and a higher likelihood of developing asthma, language difficulties, and autism [17-20].

Historically, public health efforts in LMICs have focused predominantly on addressing underweight and
micronutrient deficiencies in pregnancy [21, 22]. However, the rising DBM necessitates a shift, as current
maternal nutrition recommendations may be inadequate for the rapidly growing overweight and obese
population [9, 23, 24]. Context-specific data are essential to guide interventions for this high-risk group,
but they are largely lacking, meaning that current maternal nutrition counselling and supplementation
guidelines may be inappropriate or suboptimal for them. This study aimed to compare the dietary intake
of vitamins and minerals of overweight and obese pregnant women and their normal-weight
counterparts and further correlate their dietary patterns with cardiometabolic health outcomes to inform
targeted nutritional interventions that address the DBM in the antenatal care setting. We hypothesized
that overweight and obese pregnant women would demonstrate: (1) distinct dietary patterns with
different food group compositions than normal-weight women, (2) higher overall micronutrient intake,
and (3) dietary patterns associated with adverse cardiometabolic outcomes.

2. Methods
2.1. Design and Sampling
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This cross-sectional study examined the dietary micronutrient consumption of overweight and obese
pregnant women. The study included 242 pregnant women recruited sequentially from prenatal clinics at
Makole Health Centre in Dodoma, Tanzania, between February and March 2024. The sample size was
calculated using the mean inter-trimester weight gain (6.3 kg) and variance (4.9) of a pregnant cohort in
urban Tanzania [25]. The study group's average weight gain was estimated to be + 1 kg, with a 95% level
of significance, 80% power, and 25% non-response.

2.2. Inclusion and Exclusion Criteria

Participants aged 18—-35 with a singleton pregnancy of 6—40 weeks’ gestation were eligible for the
study. Women on special diets and those who didn’t know their body weight within three months prior to
pregnancy were excluded. Also, women already diagnosed with any cardiometabolic disease were
excluded. Underweight participants were not included in the final analysis.

2.3. Variables Measurement and Data Collection

Sociodemographic data were gathered using a specifically designed tool adapted from the WHO STEPS
and Demographic Health Survey (DHS) questionnaires [26, 27]. Participants were categorised as normal-
weight or overweight/obese based on body mass index (BMI) calculated using the weight recorded
within three months before pregnancy. Dietary intake was assessed using a 179-item food frequency
questionnaire (FFQ)[28], and the same portion sizes were used to estimate quantities consumed. The
data collection tools were validated through expert consultations involving dietitians, physiologists,
obstetricians/gynaecologists, and experienced midwives.

The Tanzanian food composition tables were utilised to calculate nutrient intake [29]. The recommended
dietary intake for vitamins and minerals was established based on the Institute of Medicine (IOM) dietary
reference intakes (DRI) [12-16]. Where the estimated average requirement (EAR) was not available,
adequate intake (Al) was used if available. Mean nutrient adequacy ratios (MNAR) were calculated
separately for vitamins and minerals from individual nutrient adequacy ratio (NAR) of each nutrient. NAR
was obtained as ratio of absolute nutrient intake to corresponding EAR (or Al) value. NAR > 1 was
truncated to limit the effect of highly consumed micronutrients on MNAR.

Data on cardiometabolic parameters were gathered using a customised checklist. Based on their pre-
pregnancy BMI, participants were divided into two groups: normal-weight and overweight/obese. A
digital upper arm sphygmomanometer (Omron 5 series®, BP7200, Japan) was used to measure blood
pressure (BP) in mmHg and pulse rate (PR) in beats per minute [30]. The HemoCue® Hb 801 system
was used to measure the haemoglobin concentration (Hb) in mg/dl. A digital glucometer (Accu-Check®,
Roche Diabetes Care, Switzerland) was used to measure blood glucose in mg/dl [31]. An oral glucose
tolerance test (OGTT) was done an hour after drinking a solution containing 50 g of pure glucose
dissolved in 200 mL of water. An automatic analyser (Cobas® 6000, Roche, Germany) was used to
quantify serum triglycerides, total, LDL, and HDL cholesterol in mg/dI [32]. All tests were done on venous
blood drawn in the morning (between 8-11 am) following fasting of about 8 hours.
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2.4. Data Analysis

All analyses were performed using STATA 19.5 software, and a p-value of 0.05 was considered
significant. Mann—Whitney U test for independent analysis of medians was used to compare absolute
nutrient intakes between overweight/obese and normal-weight participants for both absolute and per
1000 kcal values while t-test was used for NAR and MNAR. Intakes were further categorised according
to EAR or Al, and categorical comparisons were conducted using chi-square tests.

Individual foods were further categorised into 17 food groups based on nutritional profile and culinary
proximity, and then were modelled to derive dietary patterns using reduced rank regression (RRR).
Response variables included in the RRR model were blood pressure, fasting blood glucose, 1-hour
glucose tolerance, serum triglycerides, total cholesterol, HDL cholesterol and LDL cholesterol. We used
Pearson’s correlation to obtain factor loadings. Factors were extracted based on eigenvalues > 1 (Fig. 1),
and each was considered a dietary pattern. Food groups were considered to contribute significantly to a
given pattern if they had loadings = 0.2 or < - 0.2. Linear regression was used to assess whether pre-
pregnancy weight predicted dietary pattern and whether dietary pattern predicted cardiometabolic
outcomes while adjusting for maternal age, gestational age and parity.

Figure 1: Scree Plot
2.5. Ethical Consideration

The study was approved by Muhimbili University of Health and Allied Sciences (MUHAS) Research and
Ethics Committee with reference number MUHAS-REC-02-2024-2016. The ethical clearance certificate is
accessible at https://irb.muhas.ac.tz/storage/Certificates/Certificate%20-%2015161.pdf. The relevant
authorities permitted the study to be conducted. All study protocols were carried out in alignment with
Helsinki’s declaration. Informed consent was offered in writing and signed by all participants.

3. Results
3.1. Characteristics of Study Participants

3.1.1. Sociodemographic Characteristics of Study
Participants

The study involved 242 participants (Table 1), of whom 37.2% were overweight or obese, with the
majority being in their third trimester (50.4%). Most participants were multigravida (60.3%), although the

majority were nulliparous (50.8%). Most participants were married (77.6%), unemployed (40.1%) or self-
employed (45%), with a family monthly income below 500,000 TZS (= 200S) (81.8%).
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Table 1
Sociodemographic Characteristics of Study Participants (N = 242)

Characteristic Frequency (%) or mean x SD or median (range)

Age

<20 16 (6.6)
20-29 156 (64.5)
30+ 70 (28.9)
Gravida

1 96 (39.7)
2 or more 146 (60.3)
Parity

0 123 (50.8)
1-3 111 (45.9)
4 or more 8(3.3)
Gestational age

1st trimester 25(10.3)
2nd trimester 95 (39.3)
3rd trimester 122 (50.4)
Education level

llliterate 12 (5.0)
Primary 97 (40.1)
Secondary 77 (31.8)
College+ 56 (23.1)
Marital status

Married 187 (77.6)
Not married 54 (22.4)
Occupation

Unemployed 97 (40.1)

*TZS: Tanzanian Shilling
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Characteristic Frequency (%) or mean x SD or median (range)

Self-employed 109 (45.0)
Employed 28 (11.6)
Student 8 (3.3)

Family income (TZS")

< 500,000 197 (81.8)
500,000-1,000,000 26 (10.7)
1,000,000+ 18 (7.5)

*TZS: Tanzanian Shilling

3.1.2. Cardiometabolic Health Characteristics of Study
Participants

The cardiometabolic profile of study participants is summarised in Table 2.

Table 2
Cardiometabolic Health Characteristics of Study Participants (N = 242)

normal weight overweight/obese

median (min—-max)

Systolic blood pressure (mmHg) 111 (82-158) 120 (95-177)

Diastolic blood pressure (mmHg) 65 (50-98) 70 (52-95)
Pulse rate (beats/minute) 73 (60-139) 76 (64-113)
Haemoglobin (g/dl) 11 (8-16) 12 (9-14)
Fasting blood glucose (mg/dl) 68 (52-86) 74 (61-94)

Oral glucose tolerance (mg/dl) 88 (70—-155) 95 (65-121)

Triglycerides (mg/dl) 26 (7-52) 29 (6-73)
Total cholesterol (mg/dl) 84 (48-134) 84 (38-127)
HDL cholesterol (mg/dI) 27 (19-45) 27 (17-43)
LDL cholesterol (mg/dl) 41 (2-95) 43 (16-72)

3.2. Vitamin Intake of Study Participants

Compared to their normal-weight counterparts, overweight and obese participants had higher median
absolute vitamin intakes for vitamins D [7 ug/day (0—85) versus 10 (0-93), z= 2, p = 0.047], E [26 mg/day
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(4-398) versus 42 (6-213),z=3.6, p<0.001], C [334 mg/day (25-1234) versus 422 (70-1395),z =
2.709, p = 0.007], B1 [3 mg/day (1-23) versus 4 (1-28), z=2.823, p = 0.005], B5 [10 mg/day (2-42)
versus 12 (5-50), z=2.351 p = 0.019], B6 [5 mg/day (1-38) versus 6 (2-45) z=2.8, p = 0.005] and folate
[820 pg/day (238-5499) versus 925 (408—-5734), z = 2, p = 0.041]. However, when intakes were described
per energy intake only vitamin E was higher [5.3 mg/1000 kcal/day (2.2-90.7) versus 6.6 (2.3-42.7) as
presented in Table 2.

Vitamins’ MNAR was higher among overweight/obese [96% + 5 versus 94% # 8, t(240) = 2.7, p = 0.004]
with individual NARs being higher for vitamins E [0.99 + 0.07 versus 0.93 +0.17,1(240) = 3.1, p = 0.002],
B1[0.99 +0.03 versus 0.97 + 0.06, 1(240) = 2.9 p = 0.004], B5 [0.99 + 0.03 versus 0.96 + 0.13, t(240) = 2.5,
p=0.011],B6 [1 + 0 versus 0.98 + 0.08, t(240) = 2.1, p = 0.039], and folate [0.98 + 0.05 versus 0.95+0.12,
t(240) = 2.6, p =0.011]. Yet, a notable proportion of overweight and obese participants had dietary
intakes below EAR, especially for vitamins A (5.6%), D (46.7%), B12 (12.2%) and folate (12.2%). Despite
these deficiencies, only 1.7% of participants were taking multivitamin supplements, while 30.2% of all
participants, including 35.6% of overweight and obese women, were not taking any folate-containing
supplements.
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Table 2

Vitamin intake of study participants (N = 242)

Vitamin A (ug RAE?*)

per 1000 Kcal
Animal Vitamin A
NAR

< EAR

Vitamin D (ug)
per 1000 Kcal
NAR

< EAR

Vitamin E (mg)
per 1000 Kcal
NAR

< EAR

Vitamin C (mg)
per 1000 Kcal
NAR

< EAR

Vitamin B1 (Thiamin) (mg)

per 1000 Kcal
NAR
<EAR

Vitamin B2 (Riboflavin) (mg)

per 1000 Kcal
NAR

Normal-weight

Overweight/obese

Median (min—max) or mean % SD or n (%)

2385 (207-95306)

500 (20-26587)
119 (15-7553)
0.98 +0.09

13 (8.6)

7 (0-85)

1.7 (0-15.1)
0.67+0.35

84 (55.3)

26 (4-398)

5.3 (2.2-90.7)
0.93+0.17

31 (20.4)

334 (25-1234)
82.2 (12.1-227.4)
0.99 +0.07

2 (1.3)

3 (1-23)

0.7 (0.3-3)
0.97 +0.06

23 (15.1)

7 (1-27)

1.8 (0.2-10.4)
1+0.01

2484 (207-16982)
546 (20-4827)
194.5 (14-16122)
0.98 +0.08

5 (5.6)

10 (0-93)

2 (0-18.4)
0.74+0.34

42 (46.7)

42 (6-213)

6.6 (2.3-42.7)
0.99 +0.07

4 (4.4)

422 (70-1395)
79.7 (11.3-189)
1£0

0 (0)

4 (1-28)

0.8 (0.2-3.5)
0.99 +0.03
3(3.3)

8 (2-30)

1.5 (0.2-10.6)
1£0

p-value
0.344
0.978
0.512
0.493
0.925
0.047
0.352
0.133
0.151
<0.001
0.001
0.002
0.001
0.007
0.728
0.276
0.275
0.005
0.072
0.004
0.004
0.409
0.158
0.442

*RAE: Retinol Activity Equivalents; EAR: Estimated Average Requirement; Al: Adequate Intake NAR:
Nutrient Adequacy Ratio; Bold: significant
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Normal-weight

Overweight/obese

Median (min—max) or mean % SD or n (%) p-value
<EAR 1(0.7) 0 (0) 0.441
Vitamin B3 (Niacin) (mg) 28 (10-151) 28 (12-156) 0.400
per 1000 Kcal 7.2(3.1-11.6) 7.1 (3.1-10.5) 0.377
NAR 0.99+0.04 1+0.02 0.223
< EAR 10 (6.6) 3(3.3) 0.279
Vitamin B6 (Pyridoxine) (mg) 5(1-38) 6 (2-45) 0.005
per 1000 Kcal 1.1(0.1-5.7) 1.2 (0.1-7) 0.117
NAR 0.98+0.08 1+0 0.039
< EAR 7 (4.6) 0 (0) 0.039
Folic acid (B9) (Hg) 820 (238-5499) 925 (408-5734) 0.041
per 1000 Kcal 202 (88-436) 218 (90-375) 0.550
NAR 0.95+0.12 0.98+0.05 0.011
< EAR 34 (22.4) 11(12.2) 0.050
Vitamin B12 (ug) 12 (0-99) 16.5 (0-100) 0.074
per 1000 Kcal 2.9 (0-20.5) 3.3(0-14.2) 0.326
NAR 0.93+0.19 0.94+0.21 0.712
<EAR 24 (15.8) 11 (12.2) 0.446
Vitamin B5 (Pantothenic) (mg) 10 (2-42) 12 (5-50) 0.019
per 1000 Kcal 2.5(1.1-6.1) 2.7 (1.5-6.8) 0.193
NAR 0.96+0.13 0.99+0.03 0.011
<Al 19 (12.5) 4 (4.4) 0.039

*RAE: Retinol Activity Equivalents; EAR: Estimated Average Requirement; Al: Adequate Intake NAR:
Nutrient Adequacy Ratio; Bold: significant

3.3. Mineral Intake of Study Participants

Compared to normal-weight participants, those with obesity or overweight had higher median absolute
intake for most minerals (Table 3), but only potassium was significant [7,741 mg/day (2,272-89,460)
versus 6,321 (1,981-84,927), z = 2.499, p = 0.013], which was not significant after adjusting for daily
energy intake. Similarly, neither minerals’ MNAR nor individual NARs differed between the two groups
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although overweight and obese participants were less likely to consume intakes below EAR for calcium
(p =0.021) and potassium (p = 0.026). Yet, a considerable proportion of overweight and obese
participants had intakes below EAR for calcium (47.8%), sodium (7.8%), iron (11.1%), and zinc (16.7%).
Yet, none of the overweight and obese participants took any calcium supplements, and 57.8% were not
taking any iron supplements. Categorical analysis revealed that overweight and obese participants had
more likelihood of neglecting iron supplements compared to normal-weight participants (p = 0.046).
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Table 3

Mineral intake of pregnant women (N = 242)

Mineral

Calcium (Ca) (mg)
per 1000 Kcal

NAR

< EAR

Phosphorus (P) (mg)
per 1000 Kcal

NAR

< EAR

Magnesium (Mg) (mg)
per 1000 Kcal

NAR

< EAR

Potassium (K) (mg)
per 1000 Kcal

NAR

<Al

Sodium (Na) (mg)
per 1000 Kcal

NAR

<Al

Iron (Fe) (mg)

per 1000 Kcal
MFP* iron

NAR

Normal-weight

Overweight/obese

Median (min—max) or mean % SD or n (%)

839 (184-5712)
199 (56-439)
0.82+0.24

74 (48.7)

1992 (668-6779)
507 (271-899)
1£0

0 (0)

800 (318-6171)
216 (75-383)
140

0 (0)

6321 (1981-84927)
1783 (441-3972)
0.99 +0.05

14 (9.2)

2183 (1277-52631)
270 (67-2658)
0.66 +0.33

19 (12.5)

26 (9-127)

6.3 (3.2-13.9)

2 (0-7)
0.9+0.17

972 (191-6340)
189 (49-377)
0.84+0.22

43 (47.8)

2192 (821-7102)
464 (267-788)
1£0

0 (0)

897.5 (374-6375)
222 (72-343)
1+0

0 (0)

7741 (2272-89460)
1911 (456-3683)
1+0.03

4 (4.4)

2825 (1232-65946)
311 (84-2575)
0.7+0.32

7 (7.8)

29.5 (10-128)
5.9 (3.1-12.1)

2 (0-8)
0.93+0.14

p-value

0.064
0.697
0.471
0.021
0.065
0.342

0.093
0.293

0.012
0.556
0.288
0.026
0.146
0.502
0.34

0.252
0.074
0.202
0.829
0.113

*Meat Fish Poultry Iron; EAR: Estimated Average Requirement; Al: Adequate Intake NAR: Nutrient
Adequacy Ratio; Bold: significant
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Mineral

< EAR

Zinc (Zn) (mg)
per 1000 Kcal
NAR

< EAR

Copper (Cu) (mg)
per 1000 Kcal
NAR

<Al

per 1000 Kcal
NAR
<Al

Manganese (Mn) (mg)

Normal-weight

Overweight/obese

Median (min—max) or mean % SD or n (%)

30 (19.7)
15 (5-51)
3.7 (1.5-7)
0.96+0.1
35 (23.0)
5(1-22)
1.1 (0.5-3.9)
1£0

0 (0)

9 (2-39)
2 (1.2-4.3)
140

0 (0)

10 (11.1)
16 (7-52)
3.3(1.4-5.7)
0.98+0.07
15 (16.7)
5 (2-24)
1(0.6-2.6)
1£0

0 (0)

10 (3-45)
2 (1.3-4.5)
140

0(0)

p-value

0.104
0.097
0.189
0.084
0.303
0.384
0.188

0.06
0.83

*Meat Fish Poultry Iron; EAR: Estimated Average Requirement; Al: Adequate Intake NAR: Nutrient
Adequacy Ratio; Bold: significant

3.4. Dietary Patterns of Study Participants and Their
Association with Cardiometabolic Factors

One dietary pattern was identified, as shown in Table 4. This pattern which explained 38.2% of the
variation, had high factor loadings on added sugars, boiled roots/tubers, plantains, meat, fried

grain/roots/tubers, poultry, nuts/products and alcohol, but more negative loadings on boiled

grain/cereals and legumes/pulses. Pre-pregnancy weight classification was associated with the
identified dietary pattern, whereby participants classified as overweight or obese had 0.67 times more
scores of adherence to this pattern [R =0.67 (0.07-1.3), p = 0.028] than those classified as normal-
weight. However, pre-pregnancy weight explained only 6.4% of the variation in the dietary pattern.

Table 4: Dietary patterns of pregnant women (N=242)
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Factor loadings

Food group Pattern 1
Grain and cereals -0.219
Roots and tubers 0.336
Fried grain roots and tubers 0.309
Plantains 0.335
Legumes and pulses -0.349
Nuts and products 0.274
Fruits 0.125
Vegetables 0.007
Meat 0.334
Fish and seafoods -0.045
Poultry 0.295
Eggs 0.072
Milk and dairy 0.143
Added sugar 0.436
Added fats -0.076
Alcohol 0.274
Sweetened beverages 0.059
Variance explained 38.2%

Redder: more positive; Bluer: more negative; Bold: loadings = 0.2 or =—0.2

For every unit increase in adherence to this pattern (Fig. 2), there was an increase in systolic blood
pressure by 3.4 mmHg [R =3.4 (1.1-5.7), p = 0.004], explaining 9.5% of the variation. Adherence to the
same pattern was associated with a higher haemoglobin concentration by 0.26 g/dI [R =0.26 (0.07-
0.46), p =0.009], explaining 7.8% of the variation. Fasting blood glucose was higher by 3.1 mg/dI [R =3.1
(1.9-4.4), p<0.001] and oral glucose tolerance was higher by 7.3 mg/dl [} =7.3 (4.5-10.1), p < 0.001]
every time adherence to this pattern increased, which explained 24-26% of the variations. This pattern
was also associated with an elevated lipid profile whereby an increase in a score of adherence hada 2.4
mg/dl increase in serum triglycerides [ =2.4 (1.4-3.3), p < 0.001], which explained 26% of variation; a 7.1
mg/dl increase in total cholesterol [} =7.1 (4.2-9.9), p < 0.001] explaining 23% of variation; and a 6.1
mg/dl increase in LDL cholesterol [B =6.1 (4.1-8.1), p < 0.001], explaining 33% of variation. Therefore,
this pattern was termed the ‘dysmetabolic’ pattern.

Figure 2: Forrest Plot for Association between dietary pattern factor score and cardiometabolic parameters
of pregnant women (n = 242, linear regression, linear scale)

4. Discussion

This study provides a context-specific assessment of dietary micronutrient intake among overweight
and obese pregnant women in Dodoma, Tanzania, addressing a critical data gap in the context of the
rapidly rising double burden of malnutrition (DBM) in Low- and Middle-Income Countries (LMICs).
Despite exhibiting relatively higher absolute micronutrient intakes, the overweight and obese cohort
displays a considerable proportion of inadequate intakes of several key micronutrients. Yet, they were
comparably more likely to overlook recommended supplements. Moreover, overweight and obese
women show high adherence to ‘dysmetabolic’ dietary pattern, which was associated with both
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undesirable cardiometabolic outcomes, such as dyslipidaemia and glucose impairment, and desirable
outcomes, such as better haemoglobin concentration.

Overweight and obese women had higher absolute micronutrient intakes than their normal-weight
counterparts, but the difference was no longer significant when intakes were adjusted for energy intake.
This means that higher micronutrient intake was merely due to overall food consumption, which does
not alleviate micronutrient deficiencies indicating that simply managing caloric intake is insufficient for
addressing malnutrition [33, 34]. Consequently, a substantial proportion of overweight and obese women
had dietary intakes below the estimated average requirement (EAR) for crucial micronutrients such as
vitamins A, B12, folic acid, calcium, iron, and zinc. This trend, which mirrors deficiencies seen in normal-
weight counterparts, highlights a regional nutritional pattern characterised by calorie density over
nutrient quality [35—-38]. It should be noted that the highest deficiency was observed for vitamin D, but
lower serum vitamin D levels have been not commonly observed in tropical regions, possibly due to
ample sunlight aiding dermal synthesis and compensating dietary deficiencies [39-41].

The observed low adherence to micronutrient supplementation, particularly iron and folate, which are
highly recommended during pregnancy, is a public health concern previously noted in overweight and
obese pregnant women [42]. This may arise from cultural perceptions equating obesity with health,
leading to a perceived lack of need for supplements [43]. The Tanzanian healthcare system tends to
address underweight issues predominantly, leaving overweight and obese women with insufficient, non-
tailored counselling about diet and supplementation needs [44, 45]. Findings from this study emphasise
the call for efforts that recognise that overweight and obese pregnant women are also prone to
micronutrient deficiencies.

The study further employed reduced rank regression (RRR) to identify a dietary pattern that explained
about 38% of the variance in a panel of cardiometabolic health outcomes. RRR is considered unique as
compared to conventional factor analysis because it maximises the correlation between dietary patterns
and disease markers, establishing a direct etiological link [46]. The pattern, namely 'dysmetabolic', was
characterised by high consumption of added sugars, boiled roots and tubers, plantains, meat, fried
grain/roots/tubers, poultry, nuts/products and alcohol, but less consumption of boiled grain/cereals, and
legumes/pulses. This points to a nutrition transition pattern currently growing in low- and middle-income
countries, moving away from traditional high-fibre, plant-based diets [5, 47]. The negative loadings on
boiled grains and legumes reflect not only what is consumed but also which protective staples are
displaced [48].

The pattern was associated with increased Hb concentration, which is desirable, and with a
simultaneous increase in fasting blood glucose, poor oral glucose tolerance, triglycerides, total
cholesterol, and LDL cholesterol, all of which are undesirable. Poor metabolic outcomes have been
attributed to high sodium, reduced insulin sensitivity, and an atherogenic drive from processed meats,
fried foods, saturated fats, added sugars, and alcohol’s pressor effect [49—52]. The consumption of
animal foods, a good source of heme iron, could explain the higher haemoglobin levels observed among
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participants adhering to this pattern. It should be noted that, while cardiometabolic parameters are
affected by many factors, this study considered diet alone.

The finding that pre-pregnancy overweight or obesity was associated with significantly higher pattern
adherence scores is consistent with the bidirectional relationship between adiposity and dietary
behaviour [53]. Excess adiposity can reinforce preference for energy-dense, palatable foods through
hedonic reward pathways and dysregulation of leptin and ghrelin signalling [54]. However, the low
explained variance underlines that body weight is only one of many determinants of dietary behaviour.
These mixed metabolic effects highlight the complexity of the impacts of dietary patterns in pregnancy.

4.1. Limitations of the Study

The findings of this study should be interpreted with consideration of potential limitations. Although
dietary intake was assessed, we did not measure micronutrient bioavailability in the body, which is
relevant in obesity due to altered metabolism of micronutrients. Particularly, the sparse distribution of
fat-soluble vitamins in increased body fat may result in lower bioavailability despite apparently excessive
dietary intake. Furthermore, administering the Food Frequency Questionnaire (FFQ) during pregnancy
means the dietary intakes observed may be influenced by physiological changes and may not entirely
reflect usual pre-pregnancy patterns. The cross-sectional design prevented the establishment of
causality between dietary patterns and cardiometabolic outcomes.

5. Conclusion and Recommendations

This study suggests a complex nutritional landscape among overweight and obese pregnant women in
Tanzania, characterised by calorie-rich but micronutrient-poor dietary patterns with distinct
cardiometabolic implications. Although less common than normal weight counterparts, many
overweight and obese women present with micronutrient deficiencies and yet they are likely to ignore
supplements recommended during pregnancy. The ‘dysmetabolic’ pattern demonstrates the classic
nutrition transition dilemma whereby diets address some deficiencies, such as haemoglobin
concentration, while creating new metabolic risks, including elevated blood pressure, atherogenic drive,
and poor glycaemic control. Addressing maternal nutrition in LMICs requires moving beyond the
traditional focus on underweight to adopt a comprehensive approach that acknowledges the potential of
deficiencies among overweight and obese women.

6. Abbreviations

Al

Adequate Intake
BMI

Body Mass Index
BP
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Blood Pressure

dl

decilitre

DRI

Dietary Recommended Intakes
EAR

Estimated Average Requirement
FFQ

Food Frequency Questionnaire
Hb

Haemoglobin

HDL

High-Density Lipoprotein

Kg

Kilogram

LDL

Low-Density Lipoprotein

LMIC

Low and Middle-Income Countries
mg

milligram

OGTT

Oral Glucose Tolerance Test

Hg
microgram
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Figure 2

Forrest Plot for Association between dietary pattern factor score and cardiometabolic parameters of
pregnant women (n=242, linear regression, linear scale)
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