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Changes in dietary nutrient intakes
at 6 and 12 months following
bariatric surgery in a Chinese
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Bariatric surgery (BS) effectively manages severe obesity, but postoperative dietary restrictions often
lead to nutrient deficiencies, particularly in the first year. This study evaluated dietary intake and
serum nutrient status at 6 and 12 months post-BS in 133 patients (sleeve gastrectomy/gastric bypass,
2022-2023). Nutritional assessments were conducted using 24-hour dietary recall, comparing results
with the Guidelines for Medical Nutritional Treatment of Overweight/Obesity in China (2021). Total
energy intake increased significantly from 6 to 12 months (116.2 +433.1 kcal/d, P=0.02). Carbohydrate
contribution rose by 3.0 +13.6 energy percentage (en%, P=0.01), while fat (-1.6 +8.9 en%, P=0.04)
and protein (-1.4+ 6.3 en%, P=0.01) contributions decreased. Mean protein intake remained below
recommendations at both time points (53.5+22.1 g/d vs. 56.4+19.9 g/d), with only 59.4% (6 months)
and 53.4% (12 months) meeting criteria. Mean change in consumption from 3 to 6 months, reflecting
significant increases, was observed for cereal (24.7 +81.1 g/d, P=0.001), vegetables (57.7 +159.8 g/d,
P <0.001) and vegetable oil (2.7 +5.9 g/d, P<0.001). The most common deficiencies in postoperative
serum nutrients were those of 25 hydroxyvitamin D (91.7%), ferritin (27.1%), albumin (14.3%) and
hemoglobin (12.8%) at 12 months after surgery. Regression analysis showed that gender, surgical
type, fat intake and protein powder use were independent predictors of postoperative protein intake.
In conclusion, patients demonstrated inadequate nutrient intake and persistent serum deficiencies
during the year following surgery. Close monitoring of dietary adherence remains critical throughout
the postoperative phase.
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Bariatric surgery (BS) is broadly recognized as the most effective approach for addressing morbid obesity,
providing substantial weight reduction, resolution of related comorbidities, and significant enhancements in
overall well-being!-3. Although bariatric surgery is highly effective for weight reduction, it induces considerable
alterations in the anatomy and physiology of the gastrointestinal tract. These changes can disrupt crucial
processes related to nutrient intake, digestion and absorption?. Postoperative factors such as gastrointestinal
symptoms, food intolerance, as well as alterations in appetite, taste and smell can contribute to insufficient
dietary consumption, potentially leading to nutritional complications like anemia, vitamin deficiency, and
protein malnutrition®®. Nutritional deficiencies, especially involving iron, folate, vitamin B12 and vitamin
D, are commonly observed in this patient population’. Some researchers have suggested that multivitamin
supplementation alone may be inadequate for preventing nutrient deficiency®’, thereby making personalized
dietary counseling essential to enhance nutritional status following BS.

BS has become a critical therapeutic approach for obesity in China, as the prevalence of moderate to severe
obesity is rising at an alarming rate!®. However, research on the postoperative nutritional status and dietary
patterns of Chinese patients remains very limited, with most studies still focusing on Western populations.
It has been reported that energy intake typically decreases by approximately 45%-60% within 6 months!!-14,
This reduction may not only result from smaller portion sizes, but also reflect alterations in the nutrient profile
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of the diet'>!>16. Enhancing dietary quality is crucial for sustaining nutritional well-being and realizing long-
term advantages from the surgery. However, achieving better diet quality remains challenging, as poor dietary
habits are commonly observed in this population®!*!>17-1 Only a subset of studies has reported favorable
changes in dietary pattern post-BS?*2!. The conclusions regarding postoperative dietary changes are inconsistent
across different time points. Cultural, dietary, and genetic differences between Chinese and Western populations
further highlight the need to understand specific nutritional challenges facing Chinese post-surgical patients.

This study aims to evaluate the dietary and nutritional changes in Chinese patients at 6 and 12 months
following BS. The findings will provide valuable insights into the nutritional needs of Chinese bariatric surgery
patients and inform the development of targeted nutritional support strategies to optimize their long-term
health and well-being.

Results

Anthropometric changes

Table 1 shows the characteristics and anthropometric parameters of the population (n=133). The cohort
had a mean age of 32.9£8.5 years, comprised of 62.4% females, with 55.6% being married and 52.6% having
received education beyond 12 years. A total of 17.2% reported a history of smoking, while 68.4% underwent SG.
Significant further reductions in body weight (82.0+18.8 kg to 76.0+16.3 kg, P<0.001), BMI (28.8 +5.3 kg/m?
to 26.8 £4.6 kg/m?, P<0.001) and body fat percentage (33.63+8.2% to 30.01 +8.6%, P<0.001) were observed
from 6 to 12 months post-surgery. Correspondingly, the percentage of fat-free mass increased from 66.4 +8.2%
t0 69.9+8.6% (P<0.001). Additionally, significant improvements were recorded in waist-to-hip ratio (0.9£0.1
to 0.8+0.1, P<0.001) and visceral fat area (133.6+52.5 cm? to 107.2+45.2 cm?, P<0.001). Excess weight loss
(%) progressively increased from 76.6 +27.7% at 6 months to 89.3+27.9% at 12 months (P<0.001).

Changes in nutritional status

Table 2 presents the pre- and postoperative serum nutrient status of patients. Between 6 and 12 months
postoperatively, albumin levels decreased from 44.3+3.4 g/L to 42.9+3.2 g/L (P<0.05), with deficiency rates
rising from 3.8% to 14.3% (P<0.01). Hemoglobin also declined from 136.9+ 15.8 g/L to 132.1+18.0 g/L (P <0.05),
with deficiencies increasing from 5.3% to 12.8% (P <0.01). Ferritin levels dropped from 138.9 +142.0 ng/mL to
107.2+118.1 ng/mL (P<0.05), with deficiency rates rising from 18.0 to 27.1% (P <0.01). Vitamin D deficiency
persisted at high levels, with rates of 94.7% at 6 months and 91.7% at 12 months. The PNI showed a slight
reduction from 55.4+5.1 to 54.2+4.8 (P<0.05). There was no notable difference in the levels of folate, vitamin
B12, or 25 (OH) D at the two points. Moreover, there were significant differences in the mean concentrations of
serum nutritional indices (albumin, hemoglobin, folate, 25 (OH) D and PNI) in patients before and after surgery
(P<0.05).

Postoperative dietary intake and nutritional adequacy

Overall, as shown in Table 3, the mean intake of energy, carbohydrates, fat, and protein in postoperative patients
decreased significantly compared with baseline. Regarding postoperative dietary intake changes, total energy
intake increased from 993.8 +325.6 kcal at 6 months to 1101.0+290.5 kcal at 12 months (P=0.02). Carbohydrate
intake rose from 106.8£51.9 g to 125.7+46.2 g (P=0.02), with the carbohydrate energy percentage increasing
from 41.8+11.7% to 44.8+8.0% (P=0.01). Fat intake increased from 37.2+11.4 g to 40.4+9.6 g (P=0.01),
although the percentage of energy from fat decreased from 34.7£7.7% to 33.1£5.2% (P=0.04). Protein intake
remained below the recommended level of 60 g (53.5+22.1 g to 56.4+19.9 g, P=0.2), and the protein energy
percentage decreased from 21.5+5.1% to 20.1+4.2% (P=0.01). Furthermore, the proportion of protein powder

Post-operation (n=133)

Characteristics Pre-operation | 6 months | 12 months | P-value*
Age (year) 32.9+8.5 - - -
Gender (%female) 83 (62.4) - - -
Married (%) 74 (55.6) - - -

Education>12 years (%) | 70 (52.6) - - -
Smoking history (%) 23(17.2) - - -
Type of surgery (%SG) | 91 (68.4) - - -

Weight (kg) 110.7+24.4 82.0+18.8 |76.0+£16.3 |<0.001
BMI (kg/mz) 38.9+6.7 28.8+5.3 26.8+4.6 <0.001
Body fat (%) 44.7%5.5 33.63+8.2 |30.01+£8.6 |<0.001
Fat-free mass (%) 55.3+5.5 66.4+8.2 69.9+8.6 <0.001
Waist-to-hip ratio 1.2+0.4 0.9+0.1 0.8+0.1 <0.001
Visceral fat area (cm?) 218.8+39.8 133.6£52.2 | 107.2+45.2 | <0.001
Excess weight loss (%)* | - 76.6+27.7 |89.3+27.9 |<0.001

Table 1. Characteristics and anthropometric parameters of the study population. Abbreviation: BMI, Body
mass index; SG, Sleeve gastrectomy. # Based on ideal body weight at a BMI of 24 kg/m?2. *P-value derived from
paired t-test for numerical variables between the 6th and 12th months.
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Post-operation (n=133) Deficient subjects (%)
Variables Reference Pre-operation | 6 months 12 months | Mean change (6 vs 12 months ) | 6 months | 12 months
Albumin (g/L) 40-55 41.6+2.4 443+3.4* 42.9+3.2* -1.3+3.8* 3.8 14.3
Hemoglobin (g/L) >120/110% 137.5£17.9 136.9+15.8 | 132.1+18.0* -4.7+12.0° 53 12.8%
Ferritin (ng/mL) 22-322 for men, 10-291 for women | 136.6+134.4 138.9+142.0 | 107.2+118.1 | -31.6+69.4% 18.0 27.1%
Folate (ng/mL) 6-20 10.1£5.1 19.5+11.4* 18.1+7.7* -1.4£11.7 3.8 3.8
Vitamin B12 (pg/mL) | 211-911 496.5+£322.3 519.3+185.8 | 511.7+184.6 | -7.5+160.3 0 0.8
25 (OH) D (ng/mL) >30 14.8+6.8 20.1+6.4* 19.8+7.1* -0.4+5.0 94.7 91.7
PNI >50 53.4+4.6 55.4+5.1% 54.2+4.8 -1.2+4.4° 1.5 3.8

Table 2. Pre- and postoperative serum nutrient status of patients. Abbreviation: PNI, prognostic nutritional
index; 25 (OH) D, 25-hydroxyvitamin D. *According to the Chinese anemia diagnostic standards: the normal
minimum value of hemoglobin for men is 120 g/L and for women 110 g/L. * Comparison of the serum
indicators at 6 months or 12 months post-surgery with baseline (P<0.05). “Comparison of 6 months and

12 months of the serum indicators after surgery (P<0.05). *Comparison of the proportion of individuals
whose the serum indicators did not reach the standard 6 months and 12 months after surgery (P <0.05). Mean
change: negative values indicate a decrease in serum levels.

Post-operation (n=133)

Variables Reference® | Pre-operation | 6 months 12 months Mean change (6 vs 12 months ) | P-value
Total energy (kcal) - 2010.1£344.2 | 993.8+325.6* | 1101.0£290.5% | 116.2+433.1 0.02*
Carbohydrate (g) - 347.4+81.4 106.8£51.9* | 125.7+46.2* 18.9+68.9 0.02*
Carbohydrate (en% ) 40—60 68.6+6.4 41.8+11.7* 44.8+8.0% 3.0+13.6 0.01*
Fat (g) - 43.0+8.6 37.2+11.4* 40.4%9.6 3.3+14.5 0.01%
Fat (en% ) 20—30 19.8+5.2 34.7£7.7* 33.1+5.2% -1.6+8.9 0.04*
Protein (g) 60-80° 58.3+14.0 53.5+22.1* 56.4+19.9 2.8+27.7 0.20
Protein (en% ) 20—30 11.6£2.0 21.5+5.1* 20.1+£4.2* -1.4£6.3 0.01%
Usage of protein powder (%) | - - 89 (66.9) 64 (48.1) - 0.002%
Protein powder (g) - - 15.4+13.6 10.7+£14.3 -4.7+19.8 0.007*
Protein powder energy (kcal) | - - 70.8+62.4 48.0+64.1 -22.7£89.9 0.004*

Table 3. Daily dietary intake of energy and macronutrients at baseline and after bariatric surgery.
Abbreviation: en%, energy percentage. *Refer to the recommended amount of energy-limited and high-
protein diet. The reference has considered based on bariatric surgery guidelines protein recommendation. *
Comparison of the dietary intake at 6 months or 12 months post-surgery with baseline (P<0.05). *Comparison
of the dietary intake between 6 and 12 months post-surgery (P <0.05). Mean change: negative values indicate a
decrease in intake.

used declined from 66.9% to 48.1% (P=0.002), accompanied by a reduction in the amount of protein powder
(15.4£13.6 gto 10.7+14.3 g, P=0.007).

Regarding carbohydrates, the percentage of patients meeting the recommended range increased significantly
from 6 to 12 month post-surgery (P<0.05), while those below the threshold concurrently declined (P<0.05).
For fat, the proportion of patients with intake above the recommended threshold remained high, with 57.1%
at 6 months and 58.6% at 12 months(P>0.05). In contrast, protein intake showed a declining trend in the
percentage of patients meeting the recommended standards (59.4% to 53.4%, P> 0.05), with an increase in those
below the threshold by 12 months (Fig. 1).

Table4 and Fig. 2 present the consumption of food groups according to the the Chinese Nutritional Intervention
Specification of Calorie-restricted Diet. Overall, compared with baseline, the intake of cereals, vegetables and
vegetable oils in postoperative patients decreased significantly (P <0.05), while their intake of meat, eggs and
dairy products increased from pre-operation (P<0.05). Regarding changes in food groups intake at 6 and
12 months postoperatively, significant increases were observed in the consumption of cereals (85.9+64.3 g to
110.6+55.8 g, P=0.001). The intakes of vegetables and vegetable oils also increased significantly (57.7+159.8 g,
P<0.001; 2.7+5.9 g, P<0.001). Meanwhile, the proportion of participants meeting the recommendation for
vegetables rose from 17.3% to 28.6% (P <0.05), while the percentage adhering to the guidelines for vegetable oils
fell from 97.7 to 85.0% (P <0.05). The intakes of meat and soybeans showed a slight upward trend (P> 0.05), but
the consumption of eggs, low-fat milk, fruits and nuts exhibited a declining trend (P> 0.05). This bar chart also
demonstrated that at both time points, the adherence to the recommendations for low-fat milk and soybeans was
relatively low (< 10%). A relatively high percentage of participants (over 80%) followed the recommendations for
consuming fruits, nuts, and vegetable oil.
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Fig. 1. Percentages of individuals with nutrient intake meeting, below and above the recommended standards
at 6 and 12 months post-operation. Abbreviation: T6 or T12, 6 or 12 months post-operation. Different colors
represent the proportion of postoperative patients whose nutritional energy supply ratio was within the
recommended range (green), lower than (orange) or higher than (red) the recommended threshold. Significant
difference between time points: *P<0.05.

Post-operation (n=133)
Food types Recommendation® | Pre-operation | 6 months 12 months | Mean change (6 vs 12 months ) | P-value
Cereals (g) 125-150 402.8+108.5 85.9+64.3* | 110.6£55.8% | 24.7+81.1 0.001%
Lean meat (g) 150-200 93.6+68.3 176.1+£102.3* | 180.5+98.8* 4.4+130.0 0.70
Eggs (g) 50-100 11.3+22.7 40.9+38.3* 40.4+32.6% | -0.6+48.5 0.80
Low-fat milk (g) | 250-500 349+74.8 104.5+130.0* | 75.2+111.7* | -29.3+180.7 0.06
Soybeans l’(g) 10-25 3.76+8.9 39+13.4 5.6+17.0 2.6+19.7 0.10
Vegetables (g) 300-500 251.9+166.8 189.6+103.5* | 247.4+119.7 | 57.7+159.8 <0.001%
Fruits (g) <200 79.7+143.4 116.1+£199.0 | 106.2+141.8 | -10.2+229.6 0.60
Nuts (g) 0-10 1.0+3.5 1.0+4.2 0.6+3.7 -0.3+5.5 0.40
Vegetable oils (g) | 10-20 29.0+£5.3 17.0£3.5* 19.8+£4.4* 2.7+59 <0.001%

Table 4. Consumption of food groups according to the dietary guidelines for Chinese residents at baseline
and after bariatric surgery. *Based on the recommended intake of 1300-1500 kcal for an energy-limited

and high-protein diet. ®Calculated based on soybeans: 25 g soybeans = 100 g-150 g of tofu=50 g of dried

bean curd =200 g of soybean milk or soy milk (soybeans : water =1:8). *Comparison of the dietary intake at

6 months or 12 months post-surgery with baseline (P<0.05). *Comparison of the dietary intake between 6 and
12 months post-surgery (P <0.05). Mean change: negative values indicate a decrease in intake.

After adjusting for relevant covariates, we found that male patients and those who underwent GB had a lower
risk of protein intake inadequacy at 6 months post-surgery; similar results were not observed at 12 months
post-surgery. Additionally, at both 6 and 12 months post-surgery, increased fat intake and protein powder
consumption were positively associated with adequate protein intake (Table 5).

Discussion
The objective of this research was to evaluate dietary intake adequacy and nutritional changes in the Chinese
population at 6 and 12 months following BS. Our results revealed a high prevalence of deficiencies in vitamin
D, ferritin, hemoglobin and albumin, while the average protein intake remained low. Average protein intake
was below the 60 g/d target, with over 50% of patients exceeding recommended fat energy proportions at both
points. From 6 to 12 months post-surgery, although patients increased their intake of cereals and vegetables,
adherence to the recommended intakes of low-fat milk and soy-based foods was extremely low. These findings
underscore the necessity for targeted nutritional interventions to address these deficiencies and enhance overall
dietary quality.

BS is closely linked to an elevated risk of deficiencies in vitamins, minerals and trace elements, rendering
patients more susceptible to conditions such as anemia, osteoporosis and protein malnutrition®®?2, In the present
study, albumin, hemoglobin, and ferritin levels declined significantly from 6 to 12 months postoperatively,
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Fig. 2. Adherence to the Chinese dietary guidelines at 6 and 12 months after BS. Abbreviation: T6 or T12, 6 or
12 months post-operation. Different colors represent the proportion of postoperative patients whose dietary
intake was within (green) or outside (red) the recommended range. Significant difference between time points:
*P<0.05.

Protein adequacy at 6 months | Protein adequacy at 12 months

Univariate Multivariate Univariate Multivariate

B P B P B P B P
Age (years) 1.043 | 0.059 | - - 1.015 | 0.484 | - -
Gender 0.360 0.009 | 0.237 | 0.042 0.585 0.153 | - -
Surgery 2.996 0.009 | 4.283 | 0.023 1.291 0.509 | - -
Education 0.930 0.838 | - - 0.987 0.970 | - -
Carbohydrate (g) 1.011 0.005 | 1.009 | 0.138 1.012 0.010 | 1.002 | 0.790
Fat (g) 1.181 | <0.001 | 1.274 | <0.001 | 1.255 | <0.001 | 1.288 | <0.001
Usage of protein powder | 0.217 | <0.001 | 0.032 | <0.001 | 0.133 | <0.001 | 0.08 | <0.001

Table 5. Predictors of protein intake adequacy at 6 and 12 months post-BS. Abbreviation: GB, Gastric bypass;
SG, Sleeve gastrectomy. Protein adequacy: sufficient when protein intake > 60 g, otherwise inadequate; gender:
male = 1,female =0; surgery: SG=1, GB=0; education: > 12 years =1, < 12 years = 0; usage of protein: yes=1,
no=0.

coupled with rising deficiency rates for these nutrients. Hypoalbuminemia affected 14.3% of participants at 1 year
post-surgery, consistent with previous reports of 3-18% prevalence in postoperative populations?. Moreover,
we found patients exhibited a high prevalence of hemoglobin and ferritin deficiencies, with anemia rates of 5.3%
and 12.8% at 6 and 12 months after surgery, respectively, and ferritin deficiency rates of 18.0% and 27.1% at
the same time points. A systematic review reported that anemia risk doubled 12 months post-surgery?!. Many
patients’ experience of red meat intolerance led to the limitation of their heme iron intake. Malabsorption of iron
and vitamin B12 also likely contributes to these deficiencies?>?. The popularity of tea consumption in China?’
could further exacerbate iron malabsorption. Notably, nearly all participants had vitamin D deficiency in this
study, consistent with prior reports of 24-85% prevalence rates?. Population differences, regional variations,
and disparities in the use of nutritional supplements may be significant factors contributing to the differences in
deficiency rates. The PNI, a composite score integrating serum albumin and lymphocyte count?®, demonstrated
a biphasic trend in our cohort. PNI transiently increased from the baseline (53.4+4.6) to 55.4+5.1 at 6 months
postoperatively, and then declined to 54.2 + 4.8 at 12 months. This trend paralleled the changes in albumin levels,
suggesting that protein malnutrition- potentially exacerbated by inadequate dietary protein intake (e.g., the
average postoperative protein intake failing to meet recommended levels) or malabsorption -might contribute
to the long-term deterioration of PNI. Notably, despite mean PNI remaining above the traditional threshold, the
rising prevalence of PNI deficiency (from 1.5% at 6 months to 3.8% at 12 months) signals underlying nutritional
vulnerability, and such subtle changes may reflect impaired immune function. Future studies should correlate
the trajectory of PNI changes with clinical outcomes (e.g., wound dehiscence, infection rates) to validate its
predictive value in this population. It is noteworthy that nutritional deficiencies are common in Chinese bariatric
candidates, with vitamin D deficiency being the most serious (76.9-78.8%), followed by albumin (8.5-13.4%),

Scientific Reports |

(2025) 15:33998 | https://doi.org/10.1038/s41598-025-13350-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

folate (0-20%) and vitamin B12 (0-5%). The prevalence of iron deficiency and anemia was 0-5% and 0-4% in
males, versus 0.7-15% and 3.7-15% in females?*-32. Deficiencies of nutrients before surgery could be predictors
for deficiencies 1 year after surgery?. Thus, routine evaluation of preoperative nutritional abnormalities could
contribute to postoperative nutrient balance.

The majority of studies showed a reduction in energy intake following surgery, as well as inadequate intakes of
protein and an excessive intake of fats'>. Heusschen et al*>. documented pre-surgical energy intake (1877 kcal/d)
and macronutrient distribution (41.0% carbohydrates, 37.3% fat, 18.2% protein) in 107 bariatric patients. At
6 months post-surgery, energy significantly decreased by 512 kcal/d with protein proportion rising to 19.3%.
Our cohort exhibited an average reduction in energy intake of approximately 1000 kcal postoperatively, with
the carbohydrate energy contribution ratio decreasing significantly compared with preoperative levels, while
those of fat and protein increased. Besides, total energy and carbohydrate intake percentages rose modestly from
the 6th to the 12th month post-surgery, while fat and protein energy contributions declined correspondingly.
Regarding the ideal post-surgical diet, some researchers suggest that carbohydrate, fat, and protein intakes
should account for 40-45%, < 35% and 20-25% of total energy intake, respectively!. Our recommendation for a
high-protein dietary pattern is based on the Chinese Guidelines for Medical Nutrition Therapy in Overweight/
Obesity (2021) and the Nutritional Intervention Specification of Calorie-restricted Diet (T/CNSS 016-2022).
This pattern suggests energy contributions from carbohydrates, fats and proteins at 40-60%, 20-30% and 20—
30% respectively, and has been demonstrated to significantly enhance satiety and improve dietary compliance
for sustained weight loss efficacy**~%. The traditional Chinese diet is predominantly rice- and wheat-based*’,
possibly leading to poor adherence to the relatively low-carbohydrate, high-protein diet post-surgery. Notably,
the energy contribution from fat exceeded the recommendation (20-30%) at both 6 and 12 months post-surgery,
and more than half of the individuals exceeded the recommended fat intake. In line with this, a majority of
studies observed an excessive intake of fat following surgery'®. The research conducted by Kapoor et al. also
revealed that avoidance of high-fat foods at ad libitum buffets was prevalent but not universal®®. Furthermore,
Chinese people believe that meat broth is more nutritious, and consuming fatty meat-based soups post-surgery
tends to lead to higher fat intake. Besides, traditional Chinese cuisine commonly employs high-temperature
stir-frying and deep-frying methods, which involve the use of substantial amounts of oil. Moreover, only
59.4% and 53.4% of the participants meet the recommended protein energy percentage at the 6th and 12th
months. Protein intake was below the recommended goal of > 60 g/d*® at both intervals, which was in line with
previous research!!:1314334041 Qufficient protein intake is critical for maintaining fat free mass, preventing
alopecia, supporting wound healing, and reducing edema risk*!. Additionally, protein may enhance satiety and
be a crucial factor in sustaining weight loss following surgery'2. Hence, protein supplementation or dietary
enrichment may assist in reaching the minimum recommended protein intake and enhance the quality and
quantity of postoperative weight loss.

Evidence showed critical changes in food group consumption from baseline to 6 months post-surgery™®.
Marked deteriorations occurred in fiber-rich plant foods, with vegetables and whole grains declining
substantially, while fruit persistently remained below recommended levels. Among animal-derived proteins,
dairy consumption showed a modest increase. Plant-based proteins exhibited no improvement, with legumes
and nuts persistently inadequate. Similar changes were also observed in our study, where dietary changes from
pre- to post-surgery were primarily characterized by insufficient fiber intake and inadequate protein sources.
Suboptimal cereal intake post-surgery may stem from food intolerance to rice and pasta'>*>*}, compounded
by prioritizing protein over grains to restrict total energy intake, as recommended in postoperative guidelines.
Prior research has documented low fiber intake in bariatric patients®!1:3343-45 which was associated with
constipation—a prevalent postoperative complication?**4. Consistent with these findings, we found that at 6
and 12 months post-surgery, the average intake of cereals, soy products, vegetables and fruits remained below
recommended levels, all of which were significant sources of dietary fiber. Regarding animal-derived protein
sources, apart from meat, the average consumption of eggs and dairy products remained below recommended
levels during both periods. This may partly explain why the patients’ average protein intake could not meet the
goal of 60 g/d. Approximately 70-100% of the Asian adult population is lactase nonpersistent*®, and this high
prevalence of lactose intolerance may correlate with insufficient dairy intake among Chinese people. Soy and
nut consumption remained below recommended levels, suggesting that patients could benefit from increasing
plant-based protein intake. Moreover, our study revealed that 66.9% of patients reported using protein powder
supplementation at 6 months postoperatively and further decreased at 12 months (48.1%). Schollenberger et
al. demonstrated that protein supplementation may enhance body composition by preserving lean body mass
and promoting fat loss*’. Consequently, the use of protein supplements serves as a practical way to reach the
recommended daily protein intake. It was also noted that dietary fat intake was positively associated with adequate
protein intake. We advocate for a high-protein diet, which inherently contains higher fat due to the inclusion
of animal-based sources (e.g., meat, dairy, eggs) and plant-based alternatives (e.g., nuts, seeds). Additionally,
cooking methods for these foods often involve added fats. Males and patients who underwent GB had a lower
risk of inadequate protein intake, but this phenomenon was only observed at 6 months post-surgery. In clinical
practice, we observed that males preferred meat, protein powder, and other high-protein foods in the early
postoperative period and showed better tolerance to such foods than females. Additionally, long-term dietary
behaviors and lifestyle habits gradually converged, which may have led to no significant intergroup differences
(e.g., gender and surgical type) in the risk of inadequate protein intake. However, the above deductions warrant
further investigation in future studies. To sum up, our research reflected the changes in eating pattern and
persistent gaps in meeting nutritional guidelines, possibly due to dietary preferences, intolerance to specific
types of food, food restriction, and discomfort with eating??4%,

Indeed, patients need to adapt to reduced gastric volume and declined food tolerance, particularly in the initial
postoperative year. According to studies with a 1-year follow-up period, postoperative serum nutrient status of
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patients was similar in SG and GB groups. These patients were advised to take multivitamin/mineral supplements
routinely after surgery*>*. In our study, the incidence of anemia and ferritin deficiency after GB was relatively
higher than that in the SG group, with no significant differences observed in the remaining nutritional indices
(Table S3). We further analyzed differences in nutritional indices between patients who took multivitamin tablets
postoperatively and those who did not, and no statistically significant differences were observed (Table S4).
Regular nutritional follow-up and dietary consultation are crucial components of postoperative management,
as short-term dietary intake changes correlate with long-term weight outcomes!>*>>°. Furthermore, prioritizing
dietary quality is critical for optimizing weight outcomes. Masood et al.*! proposed that weight regain following
BS may not primarily result from overeating but rather from poor food choices. Numerous studies have also
identified a correlation between poor dietary quality and postoperative weight regain during the long-term
follow-up period!>*>%33, Qverall, poor diet quality is commonly reported among post-BS patients!>17:52-55,
This underscored that inadequate nutritional education and guidance may lead to unhealthy eating and lifestyle
habits, thereby increasing the risk of weight regain and undermining the efficacy of BS.

An advantage of this study was its focus on nutrient composition through analysis of food categories rather
than single nutrients, providing a more comprehensive representation of overall diet. Additionally, we evaluated
changes in dietary pattern within the first year after BS based on Chinese dietary guidelines. Given that the
majority of postoperative nutrition-related research has focused on the Western population, this evaluation
offered valuable insights for the development of personalized nutrition plans tailored to the Chinese population.
Nevertheless, several limitations must be acknowledged. First, our study lacked a non-surgical comparison
group and randomized intervention, so we could not definitively attribute the observed changes in nutritional
status solely to surgery versus general lifestyle modifications. Second, the observational design of this study
restricted the capacity to determine causal relationships between variables. Third, the 24-h dietary recall may not
accurately represent usual dietary intake, potentially leading to an underestimation of infrequently consumed
foods. Underestimation of energy intake represented a prevailing bias in nutritional studies, especially among
overweight or obese populations®®->8. Still, it can be assumed that postoperative measurements were affected
by comparable biases, and the extent of changes appeared to maintain consistency over time. Finally, this study
involves a single-center cohort of Chinese patients. Given the international variations in cultural dietary habits
and supplement practices, the results may not directly extrapolate to non-Chinese populations or multicenter
settings.

Conclusions

In the first year following BS, inadequate nutrient intake and deficiencies were commonly observed among
patients. There were still gaps in the dietary patterns of patients after surgery in meeting the nutritional
guidelines. Understanding short-term changes in dietary pattern post-surgery could help address common
dietary challenges. Despite dietary differences between China and Western countries, the postoperative nutrient
requirement following bariatric surgery are essentially consistent and primarily based on the American Society for
Metabolic and Bariatric Surgery (ASMBS) guidelines. Dietitians should refer to guidelines and develop nutrition
plans tailored to the unique dietary needs of the Chinese population. Emphasizing the intake of eggs, dairy
products, and plant-based protein sources such as soy products and nuts could enhance absolute protein intake,
whereas increasing consumption of whole grains, vegetables and fruits should be targeted to compensate for
fiber deficiency. Future investigations need to focus on identifying underlying factors influencing postoperative
dietary changes and their consequences. Long-term studies should further determine whether nutrient intake
patterns and deficiency states persist, deteriorate or improve over time, given the dynamic evolution of eating
behavior.

Methods

Study design and sample

Patients who underwent either sleeve gastrectomy (SG) or gastric bypass (GB) between the years 2022 and 2023
were selected for evaluation. Participants were included if they met the following criteria: (1) aged 18-65 years,
(2) areferral for follow-up at Nanjing Drum Tower Hospital. Exclusion criteria included: (1) Incomplete medical
records or dietary recall data at baseline or during follow-up, (2) suffering from an eating disorder or severe
intolerance to food intake, (3) severe gastrointestinal complications related to surgery, (4) chronic diseases
(i.e., severe liver and renal dysfunction, tumors), (5) pregnancy during follow-up. Finally, 133 individuals were
enrolled, and the sample size was comparable to that of previous research’.

Patients were arranged to attend follow-up visits with a multidisciplinary team that included a surgeon, an
endocrinologist, a dietitian, an exercise medicine physician, and a psychologist. These follow-up appointments
were scheduled at intervals of 1, 3, 6 and 12 months post-surgery. In general, lifelong supplementation with
a multivitamin preparation (Centrum?®, 1-2 tablets/d) was recommended. Calcium (Caltrate®) and vitamin
D preparations (Rocaltrol®) were adjusted according to their serum levels. Iron (Sulifei®) and vitamin B12
supplementation (Methycobal®) depended on ferritin and anemia status (see detailed chemical composition in
Table S5). The adherence rates to nutritional supplement use at 6 and 12 months postoperatively were as follows:
multivitamin tablets, 84.9% vs 73.6%; vitamin D preparations, 74.4% vs 54.8%; calcium supplements, 82.7% vs
71.4%; iron supplements, 12.7% vs 16.5%.

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by
the Ethics Committee of Nanjing Drum Tower Hospital (ethics code: 2024-201-02, date of approval 7 May 2024).
Verbal informed consent was obtained from the participants. Verbal consent was obtained rather than written
because conducting dietary surveys, nutritional guidance, and anthropometric measurements during follow-up
was routine responsibility of physicians.
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Demographic information and measurements

Data on socio-demographic factors such as age, gender, educational level and marital status, along with health-
related details like the type of surgery and smoking habits, were collected from electronic patient records.
Anthropometric data including body weight, height, waist and hip circumferences were collected before surgery
and at the 6th and 12th months following BS. Body mass index (BMI) and the excess weight loss (%) were
calculated, with ideal weight defined as BMI of 24 kg/m?. Additionally, the body composition analyzer InBody
770 (Biospace, Seoul, Korea) was employed to assess weight, body fat, fat free mass, and visceral fat area.

Dietary assessment

During the follow-up period, individualized dietary guidance was provided to each patient by the same dietitian.
The dietary progression adhered to a staged approach: Week 1: A clear liquid diet was recommended; Weeks 2-3:
Transition to a full liquid diet; Weeks 4-12: Advance to a semi-liquid diet, emphasizing soft, bland, and easily
digestible foods; Starting from month 3: Gradual transition to solid soft foods, ultimately resuming a low-fat
regular diet.

The dietitian was responsible for providing dietary consultations to ensure patients adhered to the nutritional
regimen: 1. It is reccommended to consume more than 1500 ml/d; 2. The target protein intake is 60-120 g/d or
1.5-2.0 g/kg of ideal body weight to maintain muscle mass; 3. Avoid drinking water or soup during meals, with
fluids consumed between meals or 30-45 min afterward; 4. Consume 3-6 meals daily, chewing thoroughly
before swallowing. each of the three main meals should last approximately 30 min; 5. Avoid hyperosmolar
food or liquid (e.g., desserts, sugary beverages) to prevent dumping syndrome. Additionally, limit the intake of
stimulants such as strong tea, spicy foods and alcohol, as well as high-fat foods like fried items, meat broths, and
animal skin; 6. Consume nutritional supplements, such as multivitamins, vitamin D and calcium, on a regular
basis.

The dietitian monitored patients’ dietary practices and evaluated adherence through either phone calls
or face-to-face consultations during clinic visits. Compliance with dietary consumption was evaluated via
phone interviews or by scheduling meetings with the study dietitian for counseling. Data on dietary intake
were gathered through a 24-h dietary recall or food diaries following surgery. In addition to the scheduled
outpatient clinic follow-up visits at specific time points (e.g., 6th and 12th month postoperatively), patients were
regularly requested to report their dietary intake through online communications, food photography check-ins
and telephone interviews during each follow-up interval. Instead, we employed a comprehensive assessment
integrating data from multiple recall days to improve the reliability of dietary assessment. This continuous data
collection strategy was designed to capture day-to-day dietary variations and minimize recall bias. Participants
needed to record the types, quantities, and cooking methods of foods consumed the previous day using a form,
verbal reporting or photographs. The dietitian converted the patients’ raw dietary records into standardized
portions using the food exchange list (Table S1) and calculated the total energy intake as well as the proportion
of macronutrients.

Evaluation of diet quality and nutritional status

The macronutrient composition was assessed based total energy, carbohydrates, fats and proteins. The
appropriateness of dietary types and quantities was evaluated with reference to the Guidelines for medical
nutritional treatment of overweight/obesity in China (2021) and the Nutritional Intervention Specification of
Calorie-restricted Diet (T/CNSS 016-2022). Specifically, we designed an energy-restricted high-protein diet for
patients 6 to 12 months post-surgery (Table S2). The energy contribution ratios of carbohydrates, fat, and protein
were set at 40-60%, 20-30% and 20-30%, respectively. The diet primarily comprised these categories of food:
grains and tubers, lean meats, eggs, low-fat dairy products, soy-based foods, vegetables, fruits, nuts, vegetable
oils and salt. This research did not consider the intake of vitamin and mineral supplements, as its main objective
was to analyze the nutritional quality of the dietary intake.

Atboth the 6-month and 12-month intervals post-surgery, the plasma levels of albumin, hemoglobin, ferritin,
folate, vitamin B12 and 25-hydroxyvitamin D (25 (OH) D) were assessed in patients, as these micronutrients
are frequently found at reduced levels in this population. Levels of vitamin B12 and folate was carried out
utilizing chemiluminescent immunoassay, whereas 25 (OH) D concentrations were determined through
enzyme immunoassay techniques. Ferritin levels were quantified using a human ferritin enzyme immunoassay
method, and albumin concentration was performed employing bromocresol green. The calculation for the
Prognostic Nutritional Index (PNI) was executed as follows: serum albumin (g/L) plus five times the total count
of peripheral blood lymphocytes (x 10A9/L). Hypoalbuminemia was defined as serum levels <35 g/L. Anaemia
was characterized by a hemoglobin level < 120 g/L in men and <110 g/L in women. Iron deficiency was defined
as a ferritin level < 30 ng/mL. Folate deficiency and vitamin B12 deficiency were defined as serum levels <4.0 ng/
mL and <203 pg/mL, respectively. Vitamin D deficiency was marked by a 25 (OH) D level of <20 ng/mL.

Statistical analysis

Quantitative variables were reported as mean + standard deviation (SD), and categorical data were described
using percentages and frequencies. To assess the normality of the data, both histograms and the Kolmogorov-
Smirnov test were utilized. Differences in anthropometric indices, dietary intake and serological indicators
between 6 and 12 months post-surgery were analyzed using a paired t-test or a paired chi-square test. A
reduction was represented by negative values. To assess longitudinal changes from the baseline to postoperative
time points, we used repeated-measures analysis of variance (ANOVA) with Bonferroni post hoc correction.
Logistic regression analysis identified predictors of protein intake adequacy after surgery. Statistical analyses
were conducted utilizing SPSS version 26 (IBM Corp., Chicago, USA), with P values less than 0.05 deemed
statistically significant.
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